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Porcwo-d 

This paper was generated by ay desire to expend my 

thesis-writing effort somehow In the field of orbital 

mechanics and In learning something about the application 

of automated digital computation. This paper has served 

as a perfect vehicle for both of these ambitions. There 

have been many approaches taken to the subject on which 

the paper Is written, but none of them seemed to use the 

particular tack taken herein. Evaluation of the practical¬ 

ity of the approach remains for some future Investigator 

to establish by applying It to an actual satellite track¬ 

ing system. 

The purpose of the paper Is to Investigate the errors 

caused In orbit prediction from radar data by the system 

dynamic response. I recognize that determining error Is 

one thlnp*; correcting or compensating for It Is another. 

Time forced me to limit myself In the preparation of this 

paper to the error Investigation, only admitting of a 

possibility of a compensating scheme at the very end. This 

Is perhaps another avenue of investigation which could 

lead out of this effort. 

A list of terms with their definitions as used In 

this paper Is Included as Appendix P. Since many terms 

nave more t^an one Interpretation, my Intent In preparing 

this glossary was to Insure that the appropriate one Is 

11 
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inferred. In general, term* are defineJ In the text; 

for convenience, however, these definitions are repeated 

ln Appendix P. 

Hy list of persons to whoa I owe thanks for assist¬ 

ance in the preparation of the paper Is not lengthy. 

At the head of the list is Major James E. McCormick, 

who originally proposed the problem. Although transferred 

to California on a permanent change of station, he never¬ 

theless continued to be interested in the progress of the 

investigation. He outlined the approach to be taken in 

the solution of the problem in a lengthy letter several 

months after leaving. In addition, I am grateful for the 

opportunity to use the computer facility of the Systems 

Dynamic Analysis Division of the Foreign Technology 

Division, Air Force Systems Command. The personnel of the 

open shop in that division were extremely helpful in 

helping this neophyte programmer overcome the usual prob¬ 

lems encountered in the preparation of a computer program 

of the scope of HADÏH. I also wish to thank First Lieu¬ 

tenant Bryant D. Elrod, my faculty thesis advisor. His ex¬ 

pert counselling in the area of servomechanisms made the 

completion of the project possible. Finally, I thank my 

wife, Clara Kirkwood McMullen, for her able assistance in 

many different ways during the preparation of this paper. 

Thomas H. McMullen 
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Abstract 

This thesis briefly discusses the difficulty of 

specifying the accuracy of a satellite tracker. Equations 

are developed which: (1) determine azimuth and elevation 

angle data and fit them to fourth order time polynomials; 

(2) compute the orbit parameters from evaluations of these 

polynomials; and (3) evaluate the response of a selected 

tracker transfer function to the input of these time 

polynomials by the method of Laplace transformation. Orbit 

elements computed from this last evaluation are compared 

with the previous set to obtain the error in orbit pre¬ 

diction. A Fortran II program is presented which performs 

these computations on the IBM 709^ digital computer. 
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A METHOD POH DETERMINING THE EFFECT OF 

DYNAMIC ERRORS OF A RADAR SATELLITE TRACKER 

ON ORBIT PREDICTION 

I. Introduction 

The analysis of the accuracy of radar satellite 

trackers is an extremely broad field. To genuinely consider 

system accuracy one must study the validity of the data 

generated while the system is actuàlly performing its task 

of satellite following. Under these conditions, it is very 

difficult to define a specification for accuracy since it 

varies according to the tracking environment. Accuracy is 

a function of such variables as target size and range, 

power transmitted, local target motion, such as tumbling, 

target position relative to the tracker, and existing at¬ 

mospheric conditions, to name a few. In addition, accuracy 

will be different depending on whether the determination 

is being made on a single data point or on a set of 

•smoothed" data points (Ref 7:1). 

errors which cause the loss of accuracy may be 

divided in several different manners. One such method is 

to classify them as propagation errors, tracking independ¬ 

ent errors, and tracking dependent errors. The first group 

Is caused by the passage of the electromagnetic radiation 

through the various layers of the earth atmosphere. Varia- 

1 



GA/EB/64-6 

tlons In atmospheric properties make precise determination 

of these errors difficult. The second group, tracking In¬ 

dependent errors. Is caused principally by Installation 

and alignment errors, wind, gravity and receiver noise. 

The last group, tracking dependent errors, consist of dynam¬ 

ic lag, glint, scintillation and compliance (Ref 7:3). This 

paper Is concerned with a portion of this latter group; 

specifically, the purpose of this paper Is to demonstrate 

the effect of dynamic errors of a radar satellite tracker 

In determining the orbital parameters. A computer program 

Is herein developed whereby the dynamic errors may be 

determined. First, however, It Is necessary to give a 

cursory description of the satellite tracker Itself. 

2 
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II. The Badar System 

The simplified form of satellite tracker to be con- 

sldered In this paper consists of a system capable of 

making range and angular measurements of the target so as 

to define target position with respect to the radar anten¬ 

na. The range measurement depends upon measuring the time 

of travel of a pulse of electromagnetic energy from the 

tracker to the target and return. Although this measure¬ 

ment requires accurate timing, little mechanical motion is 

involved and therefore it need not be Included in a study 

of dynamic errors. For this reason, range error »ill not 

be considered here. In subsequent calculations to investi¬ 

gate the effect of dynamic errors, the value of range will 

be considered correct. 

The angle measurements consist of the azimuth and 

elevation angles of the satellite with respect to the 

tracker location. Azimuth is the angle measured from true 

north to the satellite projection upon the local horizontal 

plane. The positive direction of azimuth has been arbi¬ 

trarily chosen as counter clockwise. The elevation is the 

angular measurement of the satellite above the horizontal 

plane. 

The angular measurements are determined by noting 

the antenna position when the target is on the center line 

of the tracker radar beam. As is briefly discussed below. 
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the tracker attempts to maintain the antenna position such 

that It Is continuously directed at the target. The track¬ 

er Is capable of detecting when this alignment is not 

achieved and in so doing generate error signals of proper 

sign and magnitude which are used as a control In reducing 

the angular error to zero. The system under consideration 

is a linear one so that elevation and azimuth angles of 

the tracker are changed by separate and Independent elec¬ 

tric servo drive systems; hence either elevation or azi¬ 

muth may be altered without the one affecting the other. 

The angle measurement Itself depends upon the use of 

a highly directional antenna. Such an antenna transmits 

a very narrow beam and receives so as to respond most 

strongly to waves from one single direction. The elevation 

and azimuth of the tracked body Is determined by the an¬ 

tenna orientation when It Is positioned for maximum radar 

echo (Hef 1*7). Because of the diffraction of the electro¬ 

magnetic energy transmitted by the radar system, a large 

antenna and short wavelength Is required to produce a 

narrow beam (Hef 1*9). The narrowness of the beam deter¬ 

mines the accuracy with which the radar can measure the 

position angles and the system angular resolution. Since 

the radar beam Is of a conical form, the range involved 

in tracking earth satellites dictates a very narrow beam 

Indeed. The width of the beam is usually specified by 

the beam angle between half-power points. Therefore the 

4 
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eross-seetloiiAl width of tho beam at tht target is the 

real dottraining factor of aeouraoy and resolution; this 

width Taries directly with the produot of range and beam 

width angle. As range increases, then, it is necessary to 

decrease the bean angle (Ref IslO). This is achieTod by 

both increasing the frequency of the signal used and the 

diaaeter of the antenna. This latter naterially affects 

the dynaaic response of the tracking system. 

Conical scanning is often used to proride error 

signals for autoaatic tracking of targets. In this systea, 

an antenna bean of circular cross section is nored con¬ 

tinuously in such a way that its axis describes a cone 

whose apex angle is approxiaately equal to the beam angle, 

as in fig 1. If the target is directly on the cone axis, 

the strength of the returned signal is uniform throughout 

the scan; however, if the target gets off this axis, the 

signal strength will vary as the antenna describes the 

cone. If the antenna Is re-orlanted to cause a uniform 

signal, the target will be back on the cone axis and Its 

azimuth and elevation determined (Ref I130). Thus the 

modulation envelope of the radar echos serves as the error 

signal. When the tracked object Is on the scan axis, the 

error signal Is zero since all pulses have the same ampli¬ 

tude. If the object Is not on the scan axis, there Is an 

error signal produced whose magnitude varies approximately 

sinusoidally and whose frequency Is the same as that of the 

5 
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conical scan. Beatification of tha series of returned 

radar pulses« then« produces an approxlaate sine «are of 

low frequency. The phase of this Toltage relative to the 

phase of the voltage producing the oonloal seen determines 

the direction fron the cone axis to the target. This sig¬ 

nal oan then be separated into two components in quadra¬ 

ture! these components serve as individual error signals 

for the axlnuth and elevation servos (Bef 11332). By 

appropriate signal processing these error signals are re¬ 

duced to some useable scale factor in terms of volts per 

degree of pointing error (for instance« 7.14 volts/degree 

for the precision tracker cf the Telstar system) (Bef 

9*1332). 

The fundamental element cf the antenna servo system 

is the servo motor. The equation of motion for a DC 

iture controlled servo motor can be written 

ÍKÍd» ♦„ ♦ ^VB » ^ . V ♦ Mrp 
«T (1) 

where Im 

B. 

*T 

T 

J 

iture inductance 

iture resistance 

motor back eaf constant 

aotor torque constant 

torque of aotor 

armature current 

system moment of inertia (Includes 

7 
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antenna moment ) 

B « system viscous damping coefficient 

D * differential operator representing a 

time differentiation 

* system angular displacement 

e « applied voltage 

(Bef 1208) 

If the assumption is made 

that the armature inductance 

can be neglected and that the 

applied voltage is propor¬ 

tional to the angular dis¬ 

placement (either azimuth or 

elevation) of the tracked 

body, eq (1) assumes the form 

(A|D* ♦ A2D)#b - Aj4 (2) 

«here ♦ ■ satellite angular displacement (azimuth 

or elevation) 

Aj# ■ e. 

To provide closed loop control for the system, the 

output is fed back and subtracted from the input to 

create the tracking error signal (fig 2). If G is the 

open loop transfer function, the system output, ♦a, and 

tracking error, 4e, are related by 

♦>(») - »,<.) (3) 

wh*r# 8 ■ I'giH • 

8 
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Equation (3) is obtained by Laplace transforming eq (2) 

and replacing ♦ by $e. 

The closed loop relationship is then 

♦e(s) * ♦(s) - *m(s) (4) 

or ^ni(8) G 

THTT ” rr^ * °t: (5) 

iriiere ♦(§) * the Laplace transformation of the angular 

displacement (azimuth or elevation) of the 

tracked body, 

Gj = the control ratio. 

It is assumed that the azimuth channel and the eleva¬ 

tion channels are essentially similar so that eq (5) de¬ 

scribes the response of either of them. This equation will 

be useful later when the system performance is to be meas¬ 

ured. The next area to be covered, however, is the general 

method of attack in delineating the dynamic errors. 

9 
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III. o£ éflftllgJj 

The most straightforward way to determine the errors 

Introduced by radar tracking systems into orbit prediction 

is to compare the predicted orbit with the "real" orbit. 

Since the purpose of this paper is to consider only those 

errors caused by the tracker dynamic response, the assump¬ 

tion is made that the "real" orbits are true conics. Pur- 

turbatlve influences, such as earth elllpticlty, atmos¬ 

pheric drag, and lunar gravity attraction, would serve to 

unnecessarily complicate the problem since their influence 

upon the tracker dynamic response is not detectable; 

moreover, inaccuracies involved in such computations would 

tend to disguise the problem under consideration. The 

orbits considered consist of ellipses with the prime focus 

located at the center of a spherical modcil of the earth. 

The diurnal rotation of the earth cannot be neglected; the 

annual precession around the sun, however, is neglected 

with the result that an inertial reference frame may be 

assumed with origin at the center of the earth. 

The inputs to the satellite tracker azimuth and ele¬ 

vation servomechanisms are the azimuth and elevation angles 

described by a satellite as it crosses the "field of 

vision" of the tracking system. Once an orbit is estab¬ 

lished, the position of the satellite is determined for 

all time; hence its position with respect to a given 

10 
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tracking station can be determined at any value of tlae. 

This position can be described In the tracker coordinate 

frame of reference as a value of azimuth, elevation and 

range. While a closed form expression for the variation of 

these three variables with time Is quite difficult, It Is 

possible to compute, by a coordinate transformation, a 

series of these values with time as the Independent vari¬ 

able. In this paper, the data so obtained Is approximated 

In separate time polynomials by using a least squares fit. 

The functions so obtained then serve as Inputs to eq (5) 

and the system response computed. Thus two sets of time 

varying vectors are obtained which describe the satellite 

position with respect to the tracking station. Specifically 

these are the following setss 

1. The Input to the tracker consisting of an azimuth 

angle polynomial In time, an elevation angle polynomial 

In time, and a set of values of slant range with time (no 

polynomial fitting was performed on the range data since, 

as discussed In Chapter II, radar slant range output Is 

considered correct). 

2. The solutions to eq (5) for both the azimuth and 

elevation Inputs, and the set of range-time data. 

Both of these sets of vectors will be used Independ¬ 

ently to determine a set of parameters for the orbit. The 

parameters computed from set 1 are compared with the 

original parameter set to determine the error Introduced 

11 
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by th« least squares fit. The parameters from set 2 are 

compared with those of set 1 to determine the errors In¬ 

troduced by the system dynamic response. Since set 1 is 

the actual input to the tracking systen, the solution to 

the oTerall problem is thereby obtained. A more detailed 

list of steps in the method for obtaining this solution is 

giren below. The ensuing pages will explain in detail each 

of the steps. 

The first step in the solution is to select the orbit 

upon which the analysis is to be performed. In the prepara¬ 

tion of this paper, attention was focused on nine different 

orbits, the parameters of which are listed In Table I. The 

description of the orbits Includes a set of six parameterst 

eccentricity, semi-major axis, right ascension of the as¬ 

cending node, argument of perigee. Inclination and the 

time at perigee. These six elements permit complete compu¬ 

tation of the position of the satellite In space at any 

tine. In order to reference its position with respect to 

the rotating earth, howerer, an additional parameter (which 

Is the Initial longitude of the rernal equinox) Is neces¬ 

sary In order that the position of the orbit with respect 

to the earth be defined at some time. Then a knowledge of 

the earth rotation rate permits determination of the orbit 

position with respect to the earth at all tines. 

The orbits chosen were selected on the basis of the 

dynamics problem which they posed. There are, essentially, 

three fundamental orbits; a low, nearly circular orbit; 

12 
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tracking station can be determined at any value of time. 

This position can be described In the tracker coordinate 

frame of reference as a value of azimuth, elevation and 

range. While a closed form expression for the variation of 

these three variables with time is quite difficult, It Is 

possible to compute, by a coordinate transformation, a 

series of these values with time as the Independent vari¬ 

able. In this paper, the data so obtained Is approximated 

in separate time polynomials by using a least squares fit. 

The functions so obtained then serve as Inputs to eq (5) 

and the system response computed. Thus two sets of time 

varying vectors are obtained which describe the satellite 

position with respect to the tracking station. Specifically 

these are the following setss 

1. The Input to the tracker consisting of an azimuth 

angle polynomial In time, sin elevation angle polynomial 

In time, and a set of values of slant range with time (no 

polynomial fitting was performed on the range data since, 

as discussed in Chapter II, radar slant range output Is 

considered correct). 

2. The solutions to eq (5) for both the azimuth and 

elevation Inputs, and the set of range-time data. 

Both of these sets of vectors will be used Independ¬ 

ently to determine a set of parameters for the orbit. The 

parameters computed from set 1 are compared with the 

original parameter set to determine the error Introduced 
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by th« iMst «quarts fit. Tht paraastsrs fron sot 2 aro 

ooapared with thoso of sot 1 to detoraiiie the errors in¬ 

troduced by the systoa dynaale response. Since set 1 is 

the aotual input to the tracking systea, the solution to 

the orerall prohiba is thereby obtained. ▲ wore detailed 

list of steps in the aethod for obtaining this solution is 

giren below. The ensuing pages will explain in detail each 

of the steps. 

The first step in the solution is to select the orbit 

upon which the analysis is to be performed. In the prepara¬ 

tion of this paper, attention was focused on nine different 

orbits, the paraneters of which are listed in Table I. The 

description of the orbits includes a set of six parameterss 

eccentricity, seal-najor axis, right ascension of the as¬ 

cending node, argument of perigee. Inclination and the 

time at perigee. These six elements permit complete compu¬ 

tation of the position of the satellite in space at any 

time. In order to reference its position with respect to 

the rotating earth, howerer, an additional parameter (which 

is the initial longitude of the Yernal equinox) is neces¬ 

sary in order that the position of the orbit with respect 

to the earth be defined at some time. Then a knowledge of 

the earth rotation rate permits determination of the orbit 

position with respect to the earth at all times. 

The orbits chosen were selected on the basis of the 

dynaales problem which they posed. There are, essentially, 

three fundamental orbitsi a low, nearly circular orbit) 

12 



Ci 

t
n
l
t
l
a
l
 
l
o
n
g
,
 

o
f
 
a
s
c
e
n
d
i
n
g
 

n
o
d
e
 

Plme 
o
f
 
p
e
r
i
g
e
e
 

p
a
s
s
a
g
e
 
(
s
e
o
)
 

I
n
c
l
i
n
a
t
i
o
n
 

(
d
e
g
)
 

-7TT 
O 05 
^ b 0 
o O 3 

O c+ 

^o 
0* ^ 
O 
w 

ïlght 
a
s
c
e
n
s
i
o
n
 

o
f
 
a
s
c
e
n
d
i
n
g
 

n
o
d
e
 
(
d
e
g
)
 

S
e
m
i
m
a
j
o
r
 
a
x
i
s
 

(
m
i
l
e
s

 ) 

E
c
c
e
n
t
r
i
c
i
t
y
 

6
.
2
 o s 1 

•p- 
o 

i 
H 
■>3 
On 
a 
w 
0D 

P- 
H 
On 
O 

o 
o 
Va 

1
3
 

o ■p- o 1 
§ 

1 
M 
-n3 
On 
• 
VjJ 
00 

P- 
H 
On 
O 

• 
o 
o 
Va 

N) 
M 
• 
>3 

o £ 
O 

1 
•p- 
o 

i 
H 
-n3 
On • 
Vj3 
CD 

P- 
H 
On 
O 

• 
o 
o 
Va 

7
.
1
 

o •P- 
O 

1 
í 

* 

Í 
M 
>3 
ON 
• 
w 
00 

P- 
1st 
ON 
o 

• 
o 
Va 

o •P- o 1 
ê 

» 

1 
M 
■S3 
ON 
• 
U) 
00 

p- 
VSt 
On 
O 

• V o 
Va 

3
5
 

o -P" 
o 

1 

g 

1 
M 
-n3 
ON 
• 
VuJ 
00 

P- 
vst 
On 
O 

• 
o 
Va 

7
.
2
 

o s 1 

§ 

1 
H 
>3 
On 
e 
w 
00 

vst 
Vjt 
On 
O 

• . 
r\> 
-n3 

3
2
.
2
 o «P- o 

1 
p- 
o 

1 
H 
NJ 
On 
. 

00 

Vst 
VA 
On 
O 

ÏO 
>3 

4
2
.
2
 

o P- o 1 
p- 
o 

1 
M 
■>3 
On 
• 
u> 

_OP 

VA 
VA 
On 
O 

• N 
M 
>3 

9-<l9/32/V0 

T
a
b
l
e
 
I
 

O
r
b
i
t
s
 
S
t
u
d
i
e
d
 



GA/BE/64-6 

a slightly largar, soaewhat more elliptic orbit; and 

finally a much larger, highly eccentric ellipse. The 

selection of these elements mas rather arbitrarily per¬ 

formed, the purpose being to obtain low, medium and high 

altitude problems for consideration. The remainder of the 

six fundamental elements were held constant since It was 

felt that, depending upon the element considered, their 

variation would either have no Impact on the problem or 

the Impact could be observed In another way - le, by vari¬ 

ation of the Initial longitude of the ascending node. This 

last variation was very Important and was selected quite 

carefully, for It was used to determine the aspect that 

the satellite presents to the tracking station (fig 3)« 

This last variable was selected so that In each of the 

fundamental orbits, the satellite would make a pass direct¬ 

ly overhead In the first case, at an elevation angle of 40 

to 50 degrees In the second case and 20 to 30 degrees In 

the third case. This set comprises the nine situations 

covered during this Investigation. The tracking was slml- 

lated by a single station located at Vandenberg Air Force 

Base (Latitude 34.75°N» Longitude 120.58°W). The ensuing 

discussion covers the method of analyzing a single orbit. 

It should be borne In mind that the same analysis was 

applied to each of the orbits. 

The next step toward the solution Is, from the given 

parameters, to determine a set of elevation, azimuth and 

14 
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rang« YAlues oorrsspondliig to a sequence of tines for ono 

pass of the satellite aoross the tracking station. This Is 

performed by applying a series of coordinate transforma¬ 

tions to position Teotors generated within the orbital 

plane as a function of time and the selected orbit para¬ 

meters. 

Next, this data Is fitted to sereral different order 

polynomials and an error analysis performed in order to 

seleot the order of the polynomial required for the fit. 

The error analysis Is performed by evaluating the poly¬ 

nomials at the Input values of tlmev and then comparing the 

values so obtained with Input values of azimuth and eleva¬ 

tion. To prevent unnecessary complication of computation 

It is desirable to seleot a polynomial of as low order as 

possible. The appropriateness of the selection Is finally 

determined by computing a set of orbit elements using val¬ 

ues of azimuth and elevation angles from the polynomials 

and comparing these elements to the originally selected 

•et. 

The next link In the chain Is to use the polynomials 

as inputs to the tracker servo system. This is performed 

by applying the Laplaoe transformation to the Input time 

polynomials and solving eq (5). The response of the 

tracker servo system Is obtained in the form of two 

functions of time proportional to the time varying azi¬ 

muth and elevation angles. The orbit determined by this 

set Is compared to the polynomial determined orbit to 

16 
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finally deteralne the dynaalo errors. This oonparlson is 

performed by two methods. First, the elements themselves 

are compared and the absolute and relative differences de¬ 

termined for each element. Next, a set of fifty position 

veotcrs around the entire orbit Is computed from each of 

the two parameter sets, with time being the basis for 

comparison between the two sets. The absolute maximum and 

root mean square value of the differences of these vectors 

gives an Indication of the error which would exist In the 

prediction of the satellite position from radar data. Such 

an analysis Is the real object of this paper. It should be 

observed that there Is an obvious difference between the 

present position of the satellite as observed by the track¬ 

er and the future position predicted from tracker-observed 

data. The former suffers primarily from distributional 

errors while the other suffers from computational; however, 

the latter Is the stlffer comparison. It is a measure, not 

only of the overall system dynamic error, but of the error 

at the Individual points as well. 

A program entitled BADYN, coded In the Fortran II 

language for the IBM 7090-94 digital computer, has been 

prepared by the author to perform the calculations nec¬ 

essary for the solution of this problem. HADYN and its 

subprograms are Included as Appendix D. The subprograms 

furnished by the Systems Dynamic Analysis Division which are 

used in HADYN and which f.re not contained in the standard 

17 
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7090-94 library, are Included as Appendix E. The equa¬ 

tions which the computer program Is designed to solve are 

outlined In the next few chapters; In those cases where 

the development of the equations was too lengthy to In¬ 

clude In the main body of the report, such development has 

been performed In Appendix C. These equations are presented 

In the order Indicated by the preceedlng paragraphs. Thus 

the first problem considered is the determination of ele¬ 

vation, azimuth and range value from a selected set of 

orbit parameters. A discussion of the necessary coordinate 

system transformations, covered In the next chapter, serves 

to clarify the relationship between the time-varying posi¬ 

tion vectors of the orbit and the values of azimuth, ele¬ 

vation, and slant range generated at the tracking system. 

16 
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IV. Coordinate TransformâtIons 

The standard set of six orbital parameters used In 

this report serve to (1) locate the orbit plane In a non¬ 

rotating, geocentric coordinate frame; (2) describe the 

orbit In Its plane; and (3) locate the satellite within 

the orbit. Therefore the parameter set completely describes 

the satellite kinematics. By a series of coordinate trans¬ 

formations, position vectors expressed In the orbital 

reference system may be described In the local frame of 

the radar tracking site. This latter Is a topocentrlc 

system which has the site as origin, the local horizon as 

the base plane and zero azimuth oriented to true north 

(Hef 3*117). A comprehensive discussion of the trans¬ 

formations necessary to change from the Inertial to the 

local frame will follow. First however, a brief discussion 

of the orbital parameters will permit clearer understand¬ 

ing of the rotations themselves; furthermore, It should 

be kept In mind that determination of these elements from 

the radar data Is a fundamental objective In this report. 

The orbit plane Is described by the right ascension of 

the ascending node (Q) and the Inclination (i) as In¬ 

dicated In fig 4. The line of nodes Is defined as the line 

of Intersection of the orbit plane and the earth equatorial 

plane. The ascending node Is the point where the line of 

nodes Intersects the orbit as the satellite goes Into the 
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hemisphere containing the North Pole. The right ascension 

of the ascending node Is the angle between two lines 

Intersecting at the center of the earth, one of them 

directed toward the vernal equinox and the other passing 

through the ascending node. The orbit Inclination is the 

angle between the equatorial plane and the orbit plane. 

The In-plane description of the orbit Is given by the 

argument of perigee (w), the semi-major axis (a) and the 

eccentricity (e), which are shown In fig 5. Perigee is 

the point In the elliptic orbit where the orbiting body 

most closely approaches the prime focus (the center of the 

earth). The argument of perigee Is the angle between two 

lines Intersecting at the center of the earth, one of them 

directed to the ascending node and one of them to perigee. 

The semi-major axis is the distance from the center of the 

ellipse to perigee; In another sense, It is half the dis¬ 

tance from apogee (furthest distance of the orbiting body 

from the prime focus) to perigee. The eccentricity Is the 

ratio of the distance between the orbit center and the 

prime focus to the serai-major axis. 

The final orbital element Is the epoch which locates 

the body In the orbit described above. The epoch used In 

this report Is the time of perigee passagç (t). 

It Is assumed that an orbit described by these six 

elements Is given. The task to be performed In this 

chapter Is to develop a method for describing, in the 
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local topocentric frame, vectors already known in the 

Oibit frame. The first step is to rotate the reference 

from the orbit plane to the geocentric inertial frame 

(fig 4). This will be done by use of the proper orthogonal 

rotation matrix G so that 

where 

1 * fi I (6) 

r is the position vector in the orbit frame 

r cos f 
r sin f 

0 , 

(7) 

r = the magnitude of r (ie, the distance from 

the center of earth to the satellite) 

f * the true anomaly (angle between £ and 

perigee position vectoi* measured in the 

direction of satellite rotation) 

£ * the position vector in the inertial frame. 

5 consists of an array of direction cosines resulting from 

forming the scalar products of all the principal unit 

vectors. 

G = lx* I* 

Ay • 1.° 

Az • Aa 

1 

«21 

L*31 

Ax* As 

Ay Aß 

Az* As 

«12 «13 

« 2 2 « 23 

g 3 2 g 3d 

Ax* Ay 

Ay • Ay 

Az * Ay. 

(8) 

(9) 

Prom the law of cosines in sperlcal trigonometry applied 

to fig 4 it follows that 
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gu = cos n cos « ♦ sin n sin «•> cos (180 - 1) 

= cos n cos u> - sin u sin w cos 1 (10) 

But 

(ST : ft + W 

where Si Is called the longitude of perigee although 

It Is not trul;' a longitude since n and w 

do not lie In the same plane, 

cos ( ft 4 w ) = cos & 

~ cos ft cos w - sin n sin w 

cos ft cos iii = cos ^♦ sin ft sin w (12) 

gj J = cos ír ♦ sin ft sin w - sin ft sin w cos 1 

» cos ir *f sin ft sin w (1 - cos 1) 

= cos fr + 2 sin ft sin « sin2 1/2 (13) 

gj 2 » cos n cos (90 4 hi) 4 

sin ft sin (90 4 w) cos (180 - 1) 

* - cos ft sin ui - sin ft cos u cos 1 

sin ( ft4 w) s sin Aasln ft cos w 4 cos ft sin w 

cos ft sin u s sin Sr - sin ft cos w (14) 

gj 2 * - sin êr 4 sin ft cos w - sin ft cos w cos 1 

s - sin *42 sin ft cos w sin2 1/2 (15) 

gl3 = cos ft cos 90 4 sin ft sin 90 cos (90 - 1) 

* sin ft sin 1 (16) 

g2l = cos (90 - ft) cos « 4 sin (90 - ft) sin w cos i 

* sin ft cos u 4 cos ft sin w cos 1 

- sin * - cos ft sin w 4 cos ft sin u cos 1 

» sin ar - 2 cos ft sin u sin2 1/2 (17) 
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S22 ~ cos (90 - n) cos (90 ♦ w) «f 

sin (90 - 0) sin (90 ♦ u) cos 1 

= - sin ^ sin w + cos ft cos <*> cos 1 

= COS W . COS ft COS (*) 4 COS ft COS U cos 1 

= cos S' - 2 cos ft cos U> sin2 1/2 (18) 

g23 = cos (90 - ft) cos 90 + 

sin (90 - ft) sin 90 cos (90 4 1) 

= - cos ft sin 1 (19) 

g3i = cos w cos 90 + sin u sin 90 cos (90 - 1) 

= sin u> sin 1 (20) 

g3 2 = cos (90 + w) cos 90 4 

sin (90 4 ui ) sin 90 cos (90 - 1) 

= cos « sin 1 (21) 

g33 * cos 1 (22) 

(Ref 4:1.7-4) 

The next rotation Is about the z-axls to express the 

vector In the geocentric rotating frame. The rotation 

Is through the angle between the x-axls and the prime 

meridian (fig 6). This Is a time varying angle equal to 

the Initial angle between the x-axls and the prime 

meridian (actually the negative of the Initial longitude 

of the vernal equinox, Xr) plus the angle through which 

the earth has rotated. 

T.ius this angle aay be expressed as 

U = u.et - \T (23) 
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Fig 6 Rotating Geocentric System 
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whtrt * the angle rotated through by tine t 

“e ■ earth rotation rate 

* 4.1780741 X 10"3 deg/eec (Bef 5*5-25) 

xr * Initial longitude of the yernal equinox. 

(Hef 3 *117) 

The rotation Is 

X* - JP X (24) 

where x* * the reo tor In the rotating fraae 

D - the proper orthogonal rotation Mtrlx 

■ cos (e0t - ^p) sin («et - ip) 0 

- ein («#t - 1P) eos (-#t - ^P) 0 

0 0 1 

The next rotation expresses the rector In a coordinate 

fraae which Is parallel to the local topooentrlc fraae, 

but whose center Is located at the center of the earth 

(fig 7). This actually consists of two rotations, first 

about the z'-axls until the x"-axls Is 180* past the 

tracking station nerldlan (le, through the angle a +180- 

where A is the tracking station longitude), then about the 

y".axl8 until the c-axls lies on the station local verti¬ 

cal. This rotation Is expressed by 

£ m 2 1' (25) 

where £ ■ the rector expressed In a geocentric 

rotating fraae parallel to the local topo- 

centrlc fraae 

5 * the proper orthogonal rotation natrlx 
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NOTO: The 2*-«ygt«a is not ahom here. It reenlte fron 
rotating the zv~*7*ten about the s9-axle through 
the angle x 4 1801. 

Pig 7 Topocentrlc System 
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- sin (270 4 L) 

0 

cos (27c ♦ L) 

G « F G 

F a COS (270 4L) 0 

0 1 

sln (270 4L) 0 

sin L 0 cos L 

0 10 

- cos L 0 sin L 

cos (X 4 180) sin (X 4 180) 0 

- sin (X 4 180) cos (X 4 180) 0 

0 0 1 

» _ 

- cos X - sin X 0 

sin X - cos X 0 

0 0 1 

So that C «I- sin L cos X - sin L sin X 4 cos L 

sin X - cos X 0 

cos L cos X 4 cos L sin x sin L 

L » station north latitude 

X = station east longitude 

The final transformation is to translate the origin 

of the ¿ frame out the ;-axls a distance equal to the 

radius of the earth. This Is done In the following manner: 

or 

£ = ¿0 + !• 

£,s£-£o (26) 
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where » To 

0 

= the vector expressed in the coordinate 

frame at the tracking site 

Rg = earth radius 

* 3960 miles 

In summary, a listing is made of the various co¬ 

ordinate frames used. 

1. 2 - system - geocentric inertial frame with a-axis 

toward perigee, S-axis in the orbit plane 90* from the 

•-axis in the direction of rotation, y-axis forming a 

right-handed system. 

2. j - system - geocentric inertial frame with x-axis 

toward the vernal equinox, z-axis toward the North Pole, 

y-axis forming a right-handed system. 

3. £* - system - geocentric rotating frame with 

x,-axls containing the prime meridian, z'-axls toward the 

North Pole, y^axls forming a right-handed system. 

4. £ - system - geocentric rotating frame with C-axls 

pointing toward the tracking station, C-axls lying in the 

station meridian plane and in the northern hemisphere, the 

n-axls forming a right-handed system. 

5. i* - system - topocentrlc rotating frame with 

C’-axis up the local vertical, C'-axis north, n»-axls 

west. The satellite position is described by radar co¬ 

ordinates in this frame. 
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Badar coordinates consist of azimuth, A, elevation, 

S, and range, B, as Indicated In fig 8. By a standard 

conversion to spherical coordinates, vectors In the 

£• - frame can be expréssed as functions of these three 

variables; specifically 

£• » ffi cos E cos A" (27) 

R cos E sin A 

.H sin E 

Eq (2?) Is combined with the previous equations of the 

chapter to yield 

H cos E cos A = Ç g G r - (28) 

R cos E sin A 

.R sin E 

All transformations are now defined. The next step 

Is to determine the In-plane vectors as a function of 

time. 
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Fig 8 Radar Coordinates 
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V. Orbital Calculât, ns 

The development of the set of azimuth and elevation 

angles and radar ranges as functions of time consists of 

(1) determination of the satellite position In the orbital 

plane as a function of time and (2) performing the co¬ 

ordinate transformations, already described In Chapter 

IV, on these in-plane vectors. The in-plane coordinates 

consist of the true anomaly or polar angle (f) and radial 

distance from the prime focus (r) as indicated in fig 9. 

An expression of the variation of f and r with time is not 

easily obtained; however there Is an expression relating 

the value of the eccentric anomaly (E) with time. If a 

circle is circumscribed about the orbital ellipse, the 

eccentric anomaly is the central angle between a radius 

through the perifocus and a radius cutting the circle 

above the satellite position. The equation relating this 

angle with time is commonly referred to as Kepler's equa¬ 

tion and is 

(t - » ) = JL. (E - e sin E) (29) 

where t = time 

i * time at which satellite passes perigee 

P = orbit period. 

(Ref 4:2.2-2) 

This equation is developed in Appendix C. 
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Equation (29) Is solved directly for time, but be¬ 

comes transcendental to solve for the eccentric anomaly 

as a function of time. An Iterative solution Is performed 

by RADYN with the equation In the form 

E = (t - T) + e sin E (30) 

The period (P) is given by 

P = 2*/a 3/u (3D 

wnere u = earth gravity constant 

= universal gravity‘constant times the 

earth mass 

a = orbit semi-major axis. 

(Ref 4:2.2-2) 

For a given orbit, all variables of eq (30) are de¬ 

termined except E and t. If a value of time Is selected, 

this equation will rapidly converge to a value for the 

eccentric anomaly. If time is incrementally increased 

through a range of values, for example from zero to P, 

a series of eccentric anomalies versus time are de¬ 

termined. These values may be converted to values of true 

anomaly by the equation 

tan 
(3?) 

where e = orbit eccentricity. 

(Ref 4:2.4-?) 
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This equation Is developed In Appendix C. 

With the eccentric anomaly now determined as a 

function of time, r, the radius distance, Is determined 

from 

r s & ^ ^ ^ 
1 + e cos f 

(33) 

(Ref 4:2.4-2) 

which Is the equation of the ellipse In polar form. With 

values of f and r determined with respect to time, every¬ 

thing required to perform the coordinate transformations 

of Chapter IV are known; hence It Is possible to proceed 

with the azlmuth-elevatlon-range set determination by a 

simultaneous solution of eqs (28). It should be noted that 

the only values of Interest are those wherein the eleva¬ 

tion angle Is positive. It Is necessary to somehow de¬ 

termine the approximate values of the variables where the 

elevation angle goes from minus to plus since this starts 

the satellite pass over the station. In RADÏN, time Is In¬ 

cremented by a fairly large value (250 seconds) as long as 

elevation Is negative; however, when It becomes positive, 

time Is decreased to Its previous value (the last value 

for which elevation was negative) and the Increment Is 

decreased to 100 seconds. When the elevation angle again 

becomes positive, time Is again decreased to Its value 

where last the elevation angle was negative, and the time 

Increment Is reduced to 10 seconds. This procedure Is con¬ 

tinued until the time at zero elevation Is determined to 
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within one-tenth of a second. The pass is then started 

and data recorded at 10 second invervals. A similar root- 

solving technique is used at the completion of the pass to 

determine the azimuth, range and time as the satellite 

goes below the horizon. This is also performed to an ac¬ 

curacy of .1 seconds. 

To prepare this data as input to the tracker system 

it is necessary to fit it to a time polynomial by the 

method of least squares. Development of this theory is 

given in Appendix B. The LSCF2, LÇCFl, LINEQ, and READT 

subprograms (listed ln Appendix E) are used by RADYN to 

fit the elevation and azimuth data to time polynomials. 

As Indicated in the Appendix B, the least squares method 

involves the determination of the coefficients of the 

selected order of polynomial such that the square of the 

difference between the input values of the dependent vari¬ 

able and the evaluation of the polynomial for the same 

value of the independent variable is minimized. While the 

theory is predicated on minimization through the standard 

method of equating the first derivative to zero, in 

practice the coefficients are determined by a system of 

linear equation whose number is one greater than the order 

of the selected polynomial since this is the number of 

coefficients to be determined (Ref 2:178). 

An error analysis is performed by the computer 

program which determines the root mean square (RMS ) values 
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of tho obsolute and relative differences between 1st and 

24th orders on the azlauth and elevation data sets. During 

the progran development none of the curve fits gave an 

BBS error less than one degree. To decrease this error, 

three steps were taken. First, the data sets were divided 

Into two sections, the nazlra elevation angle attained 

being the deciding criterion for the division. In conso¬ 

nance with this was the second step which was to reject 

fron the data fit points where the azlnuth rate exceeded 

two degrees per second. The azlnuth rate becones quite 

high at high elevation angles; this Is particularly evi¬ 

dent when the orbit passes directly over the tracking 

station as Is the case for which the plot In fig 10 was 

nade (It represents the data of set 1 fron Table I). The 

estrene azlnuth rate Is generally only present at one or 

two points. The restriction of two degrees per second Is 

not unrealistic; In soae oases the Halts for extrenely 

large antennas nay be as low as .5 degrees per second 

(Bef 10:1253). For the orbit oases considered, this re¬ 

striction seldon was used to ellnlnate any points; never 

were wore than two pol* is elIninated. When eliminations 

were nade, the affected points occurred In the area where 

the data sets are divided for the fit. 

The curve-fit subprograms will accept no more than 

100 data points. Several tines It was necessary to select 

every other point, or even every third point In one case 
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In order to reduce to 100 points. 

The final adjustment necessary to Improve the quality 

of the fit was to normalize the Independent variable (time) 

so that It varied over a range from 0 to 1 for the half 

pass being fitted by the curve. This normalization was 

performed by the expression 

(34) 

where t^ = 1th value of normalized time 

Tj^ = 1th value of real time 

To * real time at start of pass 

Tf « real time at end 

The normalization delayed the effect of computational 

errors from affecting the results as higher ordered 

polynomials were selected. The overall effect of the pro¬ 

cess was to reduce the HMS differences to less than one 

degree for all the sets using polynomials of fourth order 

or higher. These differences decreased continuously In all 

cases to about 12th to 15th order at which point compu¬ 

tational errors caused an apparent random variation of the 

error (although the error remained less than .1 degree). 

That such high ordered functions are required for accurate 

fitting of this type data Is confirmed by Hef 11:15; 

however, speed and ease of computation Indicated the use 

of a lower order polynomial. After making the three com¬ 

pensations listed above the fit results were so Improved 
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that la was possible to use a fourth order polynomial 

for this analysis and still retain RMS accuracy of the fit 

to within .1 degree. The polynomials are evaluated twice 

In between each Input value and plotted (figs 11, 12, 13 

and 14) to Insure that they did not behave eccentrically 

In this region. 

At this point It Is considered that the Input to the 

tracking system, namely the azimuth and elevation angles 

expressed as functions of time, are completely determined| 

prior to performing the actual solution to the response 

equation, however, a prediction of the orbit from the data 

of the evaluation of the time polynomials would well In¬ 

dicate the efficacy of the fit. Therefore a method will 

be outlined In the following pages for computing the orbit 

parameters from data In the form of azimuth and elevation 

angles and slant range. 

There are two steps Involved In this process; first, 

the transformation of these vectors Into the geocentric 

Inertial coordinate frame and second, the parameter de¬ 

termination from the resulting Inertial vectors. The entire 

coordinate transformation cannot be completed from the 

topocentrlc frame to the orbit frame since It Is now as¬ 

sumed that the orbit parameters are unknown; hence coordi¬ 

nate transformation, per se, cannot be carried beyond the 

g system. 

The first step, the coordinate frame transformation, 

Is actually the Inverse of a portion of the transformation 
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described in Chapter IV. It was shown there that the 

topocentrio vectors £• can be written 

i* ' io + S S I (35) 
where j Is the vector in the geocentric inertial 

frame. 

This can be solved for j In the form 

-£o> (36) 

As before,¿o is the vector describing the translation 

from the geocentric to the topocentrio frame (lev along 

the earth's radius); Ç is the matrix associated with the 

rotation to the station latitude and longitude, and D is 

the matrix associated with the frame rotation In going 

from inertial to the geocentric rotating system. Therefore 

these matrices are all considered known. The rotation 

matrices are all proper orthogonal and hence their Inverse 

is identical to their transpose (Bef 6sl2). The vector £ 

is completely determined by the equation 

<i* -i.) (37) 

The second step is to determine, utilizing these 

geocentric vectors, the orbital parameters. This de¬ 

termination is made using three of these vectors, £^, 

1 » 1, 2, 3. The subscripts indicate the vector sequence 

in time. 

The semllatus rectum of the orbit may be determined 

by 
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sin (62-63) + sln (01"®*) + si*1 (ôj-ôj) 
p s -] 

X3X 2sin(e 2-03 ) + xix 2sln(el-e 2) + xlX3sln(63-9! ) 

(38) 

where p » the orbital semilatus rectum 

0 = the angle between the line of nodes and 

the position vector 

X = the magnitude of the position vectors. 

(Ref 4:1.8-3) 

The 6 differences may be determined by the definition of 

the scalar product; for example 

»! - e , = cos-1 (-i-±) (39) 

X1 XJ 

The principal value of the arc cosine Is selected since 

It Is not possible for the tracker to observe the satellite 

for more than I80 degrees of the orbit. Since the assump¬ 

tion has been made that the subscripts have been so ordered 

that they Increase with time, angle 0^ “ 9 j positive 

for 1>J and conversely negative for 1<J. 

The eccentricity may be determined from the equation 

(P - Xj) 2 X (p - Xj ) cos (0, - 0, ) - X, (p - X, ) 
e2 = [- + —-—] 2 

2 XjXj sin (e3 - 0j ) 

(40) 

(Ref 4:1.8-3) 
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Prom the construction of the ellipse, the semi-major 

axis may be determined as 

a = 
1 - e 

(41) 

Equations (38), l40), and (4l) are developed in Appendix 

C. 

The inclination of the orbit is equivalent to the 

angle between unit normals to the equatorial and orbital 

planes. The unit normal to equatorial plane is The 

unit normal to the orbital plane may be expressed as the 

vector product of any two position vectors divided by the 

magnitude of the product; ie, 

Si x I3 
XiXj sin (0J - ôj) 

(42) 

where « the desired normal, 

(Ref 4tl.8-4) 

The positive sense of the vector product is obtained by 

using a lower subscripted variable first in the product. 

The inclination angle is the arc cosine of the scalar 

product of these two unit vectors. Since the inclination 

angle is restricted by convention from 0 to 180 degrees, 

the principal value of the arc cosine is taken. 

The determination of the right ascension of the 

ascending node necessitates the development of the equa¬ 

tion of the orbital plane. Since the plane contains the 

mrnmmmmmmm 
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origin, It Is of the form 

(43) 

(44) 

Ax ♦ By + Cz * 0 

Dx + Ey ♦ z = 0 

where D = E = 2 

By substituting the coordinates of two of the vectors 

Into this equation, two equations are obtained which may 

be solved for D and E, thus yielding the plane equation. 

Since the line of nodes Is the Intersection of the orbital 

plane and the equatorial plane, It Is the common solution 

of the equations 

Dx ♦ Ey + z = 0 (44) 

and z « 0 (45) 

from which la obtained n « tan“l (i) 

* tan"1 (^) (46) 

The question of which value of the arc tangent to select 

Is resolved by noting the sign of the cosine of the angle 

between the y-axls and the unit normal to the orbital 

plane previously computed. This cosine Is the scalar 

product of the orbital unit vector and a unit vector In 

the y-direction. If the cosine Is negative, the angle be¬ 

tween the two unit vectors is greater than 90* but less 

than 270* and the ascending node Is In the front half of 

the equatorial plane; hence the principal value of the arc 

tangent is used. If the cosine Is positive, the principal 

value plus 180* is used. 



The argument of perigee is found by first determining 

the unit vector in the direction of perigee and then 

determining the angle between it and a unit vector in the 

direction of the ascending node. The unit vector in the 

direction of perigee may be expressed as a linear combi¬ 

nation of two of the position vectors; le, 

ip = A£j + ^ (47) 

where ¿p is the desired unit vector 

A and B are linear coefficients. 

As developed in Appendix C, expression* for A and B are 

A = 
_X 

ex¡ sin2(e3 
—[(—■ -1)-(--1) cos (e3 
9i ' *1 x3 

® i ) 1 

(48) 

B = 
ex3 sin2(e3 - •,) l(^ * 1] - X) 008 (fl3 - e»)l 

(49) 

(Ref 1*1.8-4) 

The argument of perigee is found by taking the arc cosine 

of the scalar product of the perigee unit vector and the 

unit vector in the direction of the ascending node; from 

which 

U = cos*1 [(j^ cos n * iy sin n) . (Aj, + B¡t3)] (50) 

The principal value of the arc cosine is used if the 

z-component of the perigee unit vector is positive; other¬ 

wise the negative of the principal value is used. 
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The final parameter to be determined is the time of 

perigee passage. It is computed by use of Kepler's equa¬ 

tion (eq (29)). The angle between the ascending node 

and the position vectoi* is determined by the scalar 

product so that 

0^ « cos"^- An 
(51) 

where is the unit vector in the direction of the 

node. 

If the third component of ^ is positive, the principal 

value of the arc cosine is used; if not, the negative of 

the principal value is used. The true anomaly is de¬ 

termined as the difference of 0 and the argument of 

perigee. 

ri « ei - CÜ 

The eccentric anomaly is obtained using eq (32) 

E, /1 - e f. 

tan T rrvtan y 
Using Kepler's equation, then the result becomes 

t - T = (Ej^ - e sin ) 

I 

t = t - I- (E, - e sin E,) 

(32) 

(53) 

where T is the time of perigee passage. All six 

orbital parameters are now determined. 
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As noted above, three vectors are needed to com¬ 

pletely determine the orbit. In RAEVN, elz different sets 

of triple vectors are utilized to compute six sets of 

orbital elements from the polynomial evaluation. These 

sets of elements are then averaged to determine a single 

set which represents the curve fit. These elements are 

compared to the original set of elements to accurately 

gauge how well the ourv fit approximates the Initial 

orbit. More Importantly, they serve as the standard for 

determining the accuracy of the set which Is computed 

from the system response. The computation of this response 

Is the subject of the next chapter. 

52 



GA/EE/64-6 

VI. Dynamics Calculations 

In the proceeding chapters, methods have been de¬ 

veloped for computing sets of azimuth and elevation angles 

and slant ranges with varying time from a selected set 

of orbital parameters, and then computing the parameters 

from the data sets. The purpose of this chapter Is to 

discuss the method for determining the system response as 

It tracks the satellite. In substance, this amounts to 

applying the method of the Laplace transformation to the 

transfer function developed In Chapter II and the time 

polynomials of Chapter V. 

The differential equation of either the azimuth or 

elevation servo system may be written from the expression 

of the transfer function (eq (5)). Again using $ as either 

of these angles, eq (5) may be written 

(1 + G) *m(s) = G*(s) (54) 

or (s2 + K,S + Kj) «m(s) = Kj*(s) (55) 

The differential equation of the system Is 

(D! + K, D + Kj) *m(t) = K^(t) (56) 

After retransforming the equation to account for Initial 

conditions It Is 
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4 Kj »(s) , ♦•„(O) ♦ ^(0) (8 + K,) 

s 2 + K,a + K2 s2* KjS + K2 

(57) 

The second term on the right hand side of eq (57) 

Is the Initial conditions operator. The Initial conditions 

assumed for this problem are that the tracking antenna has 

been preprogrammed to the proper elevation and azimuth 

angles prior to the arrival of the satellite and that It 

Is sitting quiescent when the satellite comes above the 

horizon. These assumptions are valid both for the Initia¬ 

tion of the pass and the Initiation of the second half of 

the pass (let when the second set of polynomials are to be 

used). Therefore, 4^(0) Is zero and %(()) = 4(0), and 

eq (57) Is written 

♦m(s ) 
K 2* (s ) ♦m(0) (s ♦ Ki ) 

.'3T..... + ..-T— 
sz 4 KjS ♦ K2 s2+K|S-fK2 

'58) 

where K2 Is the system natural frequency squared 

Ki Is twice the product of the natural 

frequency and the damping ratio. 

The input, ♦(t), to the system Is a time polynomial 

of the form 

n . 
♦(t) = 40 + r ♦.t1 (59) 

1=1 
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As Indicated in Chapter V a fourth order polynomial 

was selected for this analysis so that the specific form 

is 

o(t) = ¢0 + tit + 12t2 + t3t3 + $4t4 (60) 

The Laplace transform of this input is 

♦o *1 
♦ (s) = -° + -. + 

s s2 

The Laplace transform of the 

written 

2t2 6*3 24*4 

s3 s4 s5 

system output may 

(61) 

now be 

♦ m(s) 
K, 

_i) (_-1—) + 
s5 s 2 + Kj s + K j 

♦ m(o) (s 4 iq ) 

s1* + Ki s ♦ K2 

The inverse Laplace transformation will be taken of this 

expression term by term. The inverse of the first term is 

= 
2/^ e-^M sin (^/Ík2 - K, 7 t + *fi) 

[ 1 +--- , 1-2L] 
^4K2 - Kj * 

(63) 

where ♦a = tan -1 UK 2 - Ki 

-K, 

(Ref 12:492) 
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The Inverse of the second term is 

(t) mi'' 

Ki ?e"^:t sin ? - K! 2 t + 
♦lit - — ♦-1 

SliK, - Ki 5 

(64) 

, /4K2 - Ki 2 
where = ? tan“1 (---) 

Ki 

For the succeeding terms no inverses are available 

in standard listings of Laplace transformation pairs. A 

method for the separation of the factors Into terms is 

given in Ref 13 and Is repeated below: 

n(s + a^) 
1 

(s + bn)m n(s + bj) 

m 
r 

n 
+ i 

lki 

for 

•l=l (s = b0)1 k=l (s + bfc) 

1 = lf^t***»P 

J = 112 y•..yn 

p n + 1 

(65) 

where 

(s + 1¾) n (s + a») 
{ _ 1 
kt (a + b0)m-,+:l n(s + bj) 

w 

S = 

n 
C. = <5 , , X / X - 1 Riel f or 1 < l < m-1 
1 (ra+n-i ) (p) iç-i Kl 
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n (s ♦ ai ) 

Cm = Tnr+TTT) 
i J 

55 

1 for m + n -1 = p 
^(ra + n - O (p) ={ 

0 for m + n -t / p 

(Hef (13î5) 

The Inverse transformations resulting from use of this 

Identity are listed below In orders 

*m2 = 
K! t t2 

k7 r 

e-èKit 

K2 ¿¿4K2 - Kj 2 [K! (Kj2 - 3K2) sin (^4K2 - Kj2 t) + 

2/4K2 - Ki ¿ (¾2 - K2) cos (^4K2 - ^ 2t)]} (66) 

t2 t3 e"^ ^ 

7**' 'M. • ‘‘i * 

è(4K2 - Kj 2 )2) sin (i^4K2 - Kj 2 t) + 

Kj * K! 2 (Kj 2 - 2K2) cos (^4K2 - K, " t )] } 

(6?) 
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^m** ~ i 
K/ - 3Kt 2 K2 + K22 Kj (Kj 2 - 2K-)t 

K K. 

(Kt 2 - K2)t 2 

PK22 

Kjt3 t4 ?e-^Kit V 
T— +--7===1-(^,4 
6Kj 24 K24^lK2 - K! ? 16 

5Kj 2 (4K2 - K! 2) + 2.5(4K 2 - K2)2)slnüAK2 - ^ ¿ t)+ 

—-¿1¡ Kl ?(2.5K!4 - 5Ki2 (4K2 - K! 2) + 

(4K2 - K, 2)2)cos(KÏÏK2 - Ki 2 t)]) (68) 

The Inverse of the Initial condition operator is 

♦ms (t ) = 
2^(0)-^7 6-¾ t 

^4K2 - Kj 2 
sin (è'4K2 - Kj 2 t + O 

(69) 

where 
i /4K2 - K, 7 

= tan"1 (---—) 
K! 

The system response is 

♦m't) (70) 

The system response is now defined for all time. 

Plots of azimuth and elevation angles with and without 

the effects of system dynamics are shown In Figs 15 thru 

18. The plots which are free of dynamic errors are from 
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the polynomial evaluation; the response plots are from 

the evaluation of eq (70). The data whloh the plots 

represent are from parameter set 6 of ftble I. 

The remaining task Is to perform the topooentrlc to 

orbit parameters computations Indicated In Chapter V. a 

set of parameters which Include system response (computed 

from the evaluation of eq (70)) are then oompared with a 

set whloh does not (computed from the evaluation of the 

time polynomials); this comparison Indicates the error 

Introduced In the orbit prediction by system dynamics. In 

RADYh, the errors computed are formed by differencing the 

separate parameters of each case and by forming the 

relative errors. The RMS difference In position for a 

single orbit Is also calculated. Thus the effect of the 

tracker dynamics upon orbit prediction Is demonstrated. 
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VII* and Conclnalon« 

This ohaptar brlafly diseuaaaa tha rasults obtalnad 

bj parfonlng tha oaleulatlona datallad ln tha prarious 

chapters upon tha orbits of Tabla I. They will be dls- 

onssad In tha natural order In which they ooour during 

tha solution of a problem. A typloal azaapla Is giran as 

Appendix A. Salaotad for tha saapla was Casa 6 of Table 

X, but It Is not untypical of tha rasults of any of tha 

oases examined. Dimensions of tha war labias shown In tha 

appendix ares (1) angles In degreest (2) distances In 

milest O) time In seconds. 

The first area of consideration lies In the area of 

fitting the aslnuth and deration angles to polynomials 

In time. The data doea not approximate a low order poly¬ 

nomial If the time Interral of the obserratlon is rery 

large. This fact Is rerlfled by actually performing the 

fitst however, It could be surmised In advance by re¬ 

ferring to fig 10. This leads to one of three choices. 

The first of these Is to limit the length of the period 

for any single fit, and perform several fits. This was 

partially attempted In this Investigation In that the 

station passes were divided Into two parts - that pro¬ 

ceeding, and that succeeding the maximum elevation angle 

of the pass. However, this was still Insufficient to 

permit great accuracy In a low order fit. Bach of the 

two parts Into which the passes were divided night well 
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hare theaselrts been eubdlTlded to prorlde en Inprovement 

in eooureoy. 

The second possibility for increasing the aoouraoy 

of the fit is to use a higher ordered polynomial. As 

preTlously noted. Investigation of sueh a possibility 

indicated a monotonie decrease in the root mean square 

value of the error involved in the fitting process until 

reaching the point where oaloulatlonal errors assumed 

sufficient importance to oause the fit error to vary 

randomly, although at a low level.* This occurred generally 

between a ninth and twelth order polynomial, although for 

some oases it did not ooour until the seventeenth order 

was reached. An error analysis on the orbit parameters 

from the evaluation of an eleventh order fit indicated the 

root mean square error in prediction of position during 

a single orbit (not considering the traoker response) to 

be less than one mile. This is a considerable improvement 

over the twenty miles or so from the fourth order fit. 

While all of this suggests the use of a higher order 

polynomial, the added complexity in the processing of the 

Inverse transform argue strongly against it. Should 

higher order be considered, there is no way to determine, 

a priori, the degree required for a particular orbit to 

obtain a certain aoouraoy specifloation. 

The final suggestion for Improvement of the fit 

process is to attempt to fit the data to some function 
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other than a polynomial. This approach mas not attempted) 

however, It Is possible that the data better approximates 

some other type function. This could be the subject of 

a future Investigation. It should be borne In mind, how¬ 

ever, that eventually the Inverse transform must be taken 

(if the method of this paper Is to be used) of whatever 

function is employed, and for this reason, there Is a 

strong argument for simplicity. While an Improvement In 

the fit could significantly decrease the error in the 

predicted satellite position, It would have very little 

effect on the form of the response of the tracking 

system. 

The set of orbit parameters used to represent the 

curve fit output and the servo system output were the re¬ 

sult of averaging six sets of orbit parameters computed 

from the appropriate data. The number six was arbitrarily 

selected as a base for the averaging) it was chosen as a 

number that was large enough to fairly represent the results 

of the fit or servo system while at the same time not re¬ 

quiring unnecessary computer time. Six sets, however is a 

rather small sample, and the averaged values may suffer a 

lack of accuracy from temporary system inaccuracies such as 

initial dynamic response. In actual practice, such computa¬ 

tions are performed using all the data sets with correspond¬ 

ingly more representative results, witn this In mind, a pos¬ 

sible source of error in the comparison of the parameter set 
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from the tracker response to the set from the curve fit 

is that the latter may not be representative of the data 

of the curve fit. Since the time polynomials only approxi¬ 

mate the error-free data, a unique set of parameters of 

thq data from the polynomial evaluation does not exist. 

The orbit computed from such data will vary depending 

upon the manner in which the data is used. For this 

reason, it is possible that the parameter set computed 

from evaluating the selected points on the polynomial 

d-oes not represent the orbit which would be obtained by 

considering more of the data. 

The relative errors of the predicted orbits are 

presented in Table II, The magnitude of the errors has 

little significance since they depend upon the type of 

tracking system selected for the investigation. The system 

constants and initial conditions are important in deter¬ 

mining the response as well as the form of the transfer 

function. Consequently, the errors vary greatly depending 

upon the mathematical model utilized in the analysis. The 

performance of the system selected for these nine input 

sets may be compared by referring to Table II. The im¬ 

portant point is that the response of any tracking system 

may be determined by this computer program. The arithme¬ 

tic statements in subprogram DÏNAM must be altered to 

represent the inverse transformation of the appropriate 

Input and system dynamic description to consider any 
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other eyetea; however thle le the only ohange to the 

program required In order to change the form of either 

the Input or the system transfer function. 

Table III briefly presents response errors for the 

tracking system using different, system constants. The 

results In Table II were derived from a system with a 

damping ratio of .3 and natural frequency of .3 radians 

per second. Table III presents several combinations of 

these tracker parameters for data set 6. Although only a 

few different dynamic systems were checked during the 

development of this paper, It appears that increasing the 

natural frequency and decreasing the damping ratio Im¬ 

proved the response characteristics; since an attempt 

at tracker optimization was not a goal of this paper, 

however, no extensive Investigation was made In this di¬ 

rection. 

Compensation for the effect of the system dynamic 

lag might be accomplished by the Inverse of the pro¬ 

cedures described In this paper. To do this. It Is pro¬ 

posed that the actual tracker output be fitted to time 

polynomials and serve as Inputs to the Inverse of the 

system transfer function. The resultant solution to this 

problem should be devoid of response lag. The possible 

problems of using such a method are two; first, the mathe 

matleal model of the system must be accurately known and 

second, the effect of the many other errors of radar data 
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Table III 
Error Variation with System Constants 

Damping Ratio 

a) 
Si 

This Table shows relative root mean square error In 

position (times 100) for several different combinations 

of trackinc system constants. Orbital data is from Set 

6 of Table I. 
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as briefly mentioned in Chapter I, must be considered. 

Consideration of these ideas suggest two possible areas 

for future investigation. The first of these is to per¬ 

form the analysis herein presented using the mathematical 

model of an existing tracking system. The resultant error 

could be compared with the error empirically observed in 

the tracker by smoothing many passes as an indication of 

the relative importance of the dynamic error. 

The second area to be examined is the feasibility of 

eliminating the dynamic error by an inverse of the method 

developed in this paper. This would involve fitting* the 

observed data to a time polynomial (or some other mathe¬ 

matical model of the input) and applying it to the inverse 

of the tracker transfer function. For such a process to 

have any meaning, the system dynamic characteristic would 

have to be known to a high degree of accuracy. Again, 

verification of results could be made against empirically 

observed data which has been smoothed over several passes. 

The final conclusion is that the effect of tracker 

dynamics on orbit prediction can be determined by the 

method of this paper: that* is, 

(1) For a selected orbit, compute a series of topo- 

centric coordinates against time to represent a pass of 

the satellite over the tracker; 

(2) Fit the angular data so obtained to time poly¬ 

nomials; 
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(3) By the method of the Laplace transformation 

determine the response of the tracker to the polynomials 

as inputs to the transfer function of the tracKlng system; 

(^) Compute a set of orbit parameters from data 

obtained from the evaluation of the functions derived in 

steps (3) and (4) above. Compare the parameter sets so 

obtained to determine the error introduced by the track¬ 

ing system. 
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AWiNCIX A 

SAMALE AM09LEM 

THIS AMENCIX CONTAINS A SAMALE AA08LEA SOLUTION. THE 

INAONMATION CONTAINED CN THE ACUCNING AAGES IS THAT NHICA 

MOULD EE COMAUTEO OUNING THE SCLUTICN AAOCESS. IT IS IN THE 

SAME ACNMAT USED IN NACYN. INALT CATA IS AROA SET A IN TABLE 

ONI. 

THE GENERAL ALOU CF THE ARCHEN IS 

li) CEVELOA THE ERROR FREE DATA 

121 FIT THIS DATA TO A FOURTA ORCER POLYNORIAL AFTER 

DETERMINING THE ERROR IN FITTING IT TO ALL ORDERS FROM ONE 

TO TMENTYFCUR. 

Ill EVALUATE THE TRACKING SYSTEM RESAONSI TO THE AOLVNCM- 

IALS AS INAUTS. 

141 COMMUTE THE ORBIT AARAAETERS USING THE TMO SITS 

OA COMAUTEO CATA (FITTED DATA AND RCSAGNSE DATA). THE M::: : 
AARAMETERS COMMUTED FROM THE FITTED DATA ARE COMAAREO TO 

THE INITIAL INRUT. THE AARAMETERS FROM THE TRACKER RESAONSE 

ARE CORAARED TO THAT OF THE POLYNOMIAL. A POSITION ERRCR 

ANALYSIS IS PERFORMED FOR ONE CRBIT. 

THE SECUENCE OF THE OUTPUT CN THE FOLLCMING PAGES IS 

PRESENTED BELOM 

(1) THE TRACKING STATION CCGRCINATCS AND INPUT ORBIT 

PARAMETERS. 

(2) THE VALUES OF ELEVATION« AZIMUTH« RANCE AND TIME 

THE POINT MHERE THE DATA IS DIVIDED FOR CURVE FITTING. 

AT 
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(Il à PftINT-QUÎ OE THE DATA COHEUTIO EROE THE MEUT CUE IT 

RAMHETERS* 

(4) I CURVE EIT ERROR ANALYSIS ECR THE DATA CE TEE FIRST- 

HALE FASS. 

(II THE COEFFICIENTS OF THE A2IHOTH AND ELEVATIOA TIRE 

EOLVNOMIALS CONFUTED FRON THE CATA OF THE FIRST HALE FASS 

(IN THIS EXANFLE« A FOURTH ORDER FCLVNONIAL HAS USED IN 

EITTINC THE DATA). 

Ul EVALUATION OF THE FOLVNOFIALS FOR THE FIRSTARALE FASS. 

(TI EVALUATION OF THE TRANSFER FUNCTICN FOR THE FIRST-HALF 

FASS. 

(«I THE NEXT SEVERAL FACES ARE THE SANE AS AIOVE ExfiEFT 

FOR THE SECOND-HALF FASS. 

It) SIX SETS OF ORBIT FARANETCRS CONFUTEC FRON AN EVALUA¬ 

TION OF THE TINE FOLVNCNIALS. THESE SIX SETS ARE SUBSEQUENT¬ 

LY AVERA6E0 TO FORN THE SET MHICH REFRESENT THE 1NFUT TO THE 

TRACKER. A BRIEF ERROR ANALYSIS CONFARES THE SET SC OB- 

TAINEO TO THE INFUT SET. 

110) SIX SETS OF FARANETERS ARE FRINTED NH1CH RESULT FRCF 

THE EVALUATION OF THE TRACKER SVSTEN. THESE SETS ARE 

AVERAOEO TO FORN THE RESFONSE SET. THIS SET IS COHFARCB NITH 

THE FREV10US SET TO OETERNINE THE SVSTEN OYNANIC ERROR. 

A-l 
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TRACKING STAT1CN CCOROINATtS. -120.580 OEG E LONG 

. 34.750 OEG N LAT 

CRRIT PARAMETERS 

ECCENTRICITY. C.050000C 

SEMIMAJOR AXIS. 4560.OOOC MILES 

RIGHT ASCENSION OF ASCENOING NfOE• • -176.380 OEG E OF VER¬ 
NAL EQUINCX 

ARGUMENT OF PERIGEE.   -40.000 OEG 

LONGITUDE CF PERIGEE.-216.330 OEG 

INCLINATION.   40.000 OEG 

TIME CF PERIGEE PASSAGE. 0. SEC 

ORBITAL PERICO. 0.6256513IE 04 SEC 

LCNGITUOE CF VERNAL EQUINOX AT T*0... 35.000 OEG 

EARTH ROTATION RATE..... 0.41780741E-02 OPS 

MIOPASS PARAMETERS 

TIME * 0.1380454PE 04 SECONDS 

ELEVATION » 0.26I74C4*E 02 CEGREES 

AZIMUTH » 0.23390164E 03 CEGREES 

RANGE * 0.1061165CE 04 MILES 



GA/EE/64-6 

NO. TIKE 

1 9C0.0C 
2 900.01 
3 910.01 
h 920.01 
5 930.01 
6 940.01 
7 950.01 
8 960.01 
9 970.01 

10 980.01 
11 990.01 
12 1000.01 
13 1010.01 
14 1020.01 
15 1030.01 
16 1060.01 
17 1050.01 
18 1060.01 
19 1070.01 
20 1080.01 
21 1090.01 
22 1100.01 
23 1110.01 
26 1120.01 
25 1130.01 
26 1160.01 
27 1150.01 
28 1160.01 
29 1170.01 
30 1180.01 
31 1190.01 
32 1200.01 
33 1210.01 
36 1220.01 
35 1230.01 
36 1260.01 
37 1250.01 
38 1260.01 
39 1270.01 
60 1280.01 
61 1290.01 
62 1300.01 
63 1310.01 
66 1320.01 
65 1330.01 
66 1360.01 
67 1350.01 
68 1360.01 

ERROR 

ELEVATION 

C.2760960E-06 
C.5915276E-C3 
0.5720750E 00 
C.1152663E Cl 
C.1741995E 01 
C.2341011E 01 
C.2949788E 01 
0.3568596E 01 
C.6197698E 01 
0.6837366E 01 
C.5687757E 01 
C.6169136E 01 
C.6821620E 01 
C.7505322E 01 
C.8200287E 01 
G.6906686E 01 
G.9623797E 01 
0.1035200E 02 
C.11C9075E 02 
0.1183955E 02 
0.1259776E 02 
0.1336665E 02 
C•1613858E 02 
0.16918811 02 
C.1570368E 02 
0.1669066E 02 
0.1727803E 02 
0.1806275E 02 
0.1886219E 02 
0.1961265E 02 
0.2036971E 02 
0.2110967F 02 
C.2182760E 02 
0.2251868E 02 
0.2317696E 02 
0.2379757E 02 
G.2637677E 02 
0.2690305E 02 
0.2537720E 02 
0.2579235E 02 
C.2616426E 02 
0.2662931E 02 
0.2666683E 02 
0.2678907E 02 
0.2686130E 02 
0.2686183E 02 
0.2679199E 02 
0.2665607E 02 

FREE CATA 

AZIMUTH 

0.1532613E 03 
C. 1532618E 03 
0.1538306E 03 
C.1566612E 03 
C• 155C767E 03 
0.1557326E 03 
0.1566161E 03 
0.1571267E 03 
C.1578659E 03 
0.1586356E 03 
0.1596369E 03 
0.1602723E 03 
C.1611635E 03 
0.1620527E 03 
C.1630019E 03 
0.1639935E 03 
0.1650300E 03 
0.166113SE 03 
0.1672679E 03 
0.1686367E 03 
0.1696773E 03 
0.1709786E 03 
C.1723616E 03 
0.1737696E 03 
C. 175265CE 03 
0.1768316E 03 
0.1786715E 03 
C.1801878E 03 
G.1815829E 03 
0.1838587E 03 
0• 1858167E 03 
0• 1878579E 03 
0.1899825E 03 
0.1921897E 03 
0.1966777E 03 
0.1968638E 03 
0 • 1992837E 03 
0.2017921E 03 
0.2063622E 03 
0.2065858E 03 
C.2096536E 03 
0.2123553E 03 
0• ?15C795E 03 
0.2178165E 03 
0.2205681E 03 
C.2232682E 03 
C• 2259630E 03 
0.2286216E 03 

RADAR RANGE 

C.1977569E 04 
C. 1977536E 04 
C.1942720E 04 
C.1908125E 04 
C.1873764E 04 
C.1839653E 04 
0.1805808E 04 
C.1772246E 04 
C. 1738587E 04 
0.1706C50E 06 
C.1673457E 04 
G.1641228E 04 
C.1609390E 04 
C.1577567E 04 
C.1546585E 04 
C.1516475E 04 
C.1486465E 04 
0.1456S90E 04 
C.1428C82E 04 
C.1399780E 04 
C.1372120E 04 
C.1345144E 04 
C.1318896E 04 
0.1293419E 04 
C.1268761E 04 
Q.1244971E 04 
0.1222100E 04 
C.U00202E 04 
G.1179330E 04 
0.1159539E 04 
C.1140686E 04 
C• 1123428E 04 
C.1107219E 04 
C.1092315E 04 
0.1078770E 04 
C•1066636E 04 
C.1055954E 04 
C.1046773E 04 
0.1039130E 04 
C.1033C57E 04 
C.1028581E 04 
C.1025719E 04 
G.1024484E 04 
C.1024878E 04 
C.1026897E 04 
C.1030530E 04 
C.1035756E 04 
C.1042549E 04 
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NO. tike 

49 137C.01 
50 1380.01 
51 1390.01 
52 1400.01 
53 1410.01 
54 1420.01 
55 1430.01 
56 1440.01 
57 1450.01 
58 1460.01 
59 1470.01 
60 1480.01 
61 1490.01 
62 1500.01 
63 1510.01 
64 1520.01 
65 1530.01 
66 1540.01 
67 1550.01 
68 1560.01 
69 157Û.01 
70 1580.01 
71 1590.01 
72 160C.01 
73 1610.01 
74 1620.01 
75 1630.01 
76 1640.01 
77 1650.01 
78 1660.01 
79 1670.01 
80 1680.01 
81 1690.01 
02 1700.01 
83 1710.01 
84 1720.01 
85 1730.01 
86 1740.01 
87 1750.01 
88 1760.01 
89 1770.01 
90 1780.01 
91 1790.01 
92 1800.01 
93 1810.01 
94 1820.01 
95 18)0.01 
96 1840.01 

ERROR 

ELEVATION 

C.2645118E 02 
C.2618715E 0? 
0.2586635E 02 
C.2549358E 02 
C.25C7383E 02 
C.2461223E 02 
0.2411385E 02 
C.2358364E 02 
0.23C2633F 02 
C.2244634E 02 
C.2184778E 02 
C.2123441E 02 
G.2060962E 02 
0•1997642E 02 
C. 193375 IF 02 
0 • 186952 IE 02 
O.10C5157E 02 
0.1740833E 02 
C.1676697E 02 
0.1612876E 02 
C.1549472E 02 
0.1486573E 02 
C.1424247E 02 
C.1362552E 02 
C. 1 301528E 02 
C.124121 IE 02 
C • 1181623E 02 
C. 112270OE 02 
0.1064692E 02 
0.1007364E 02 
C.9507938E Ol 
C.8949786E 01 
C.8399101E 01 
0.7855790E 01 
C.7319729E 01 
0.6790778E 01 
C.6268796E 01 
C.5753625E 01 
0.5245089E 01 
0.4743028E 01 
C.4247264E 01 
C.375762IE 01 
C.3273928E 01 
0.2796012E 01 
C.2323691E 01 
C.1856807E 01 
0.1395 185E 01 
0.9386665E 00 

FREE CATA 

AZIMUTH 

0.2312333E 03 
C•2337895E 03 
C.2362823E 03 
0.238705CE 03 
C.2410526E 03 
C.2433212E 03 
0.2455081E 03 
C.2476118E 03 
0.2496318E 03 
C.2515685E 03 
C.2534228E 03 
0.2551964E 03 
C.2568914E 03 
0.2585102E 03 
0.2600557E 03 
0.2615306E 03 
C.262938CE 03 
C.2642808E 03 
0.2655623E 03 
C.2667652E 03 
C.2679527E 03 
0.2690675E 03 
C.2701325E 03 
0.2711502E 03 
C.2721232E 03 
0.273054CE 03 
0.2739447E 03 
C.2747976E 03 
C.2756148E 03 
C.2763S81E 03 
0.2771494E 03 
0.2776704E 03 
C.2785627E 03 
C.2792278E 03 
0•2798673E 03 
0.2804823E 03 
C.201C743E 03 
0.2816443E 03 
0.2821935E 03 
0.282723CE 03 
C.2832336E 03 
0.2837265E 03 
C.2842023E 03 
C.284662CE 03 
0.2851C63E 03 
C.2855359E 03 
0.2859516E 03 
C.286354CE 03 

A-5 

RADAR RANGE 

C. 1050675E 04 
C.10606946 04 
C. 1071S63E 04 
0.1084633E 04 
C.1098652E 04 
0.1113565E 04 
0.1130516E 04 
C.1148249E 04 
C.1167104E 04 
C.1187C26E 04 
0• 1207558f 04 
0.12298436 04 
C.1252628E 04 
C.1276262E 04 
0.1300692F 04 
C.13258726 04 
C.1351756t 04 
C.1378300t 04 
C.14054626 04 
C.14332026 04 
0.14614856 04 
C.14902756 04 
C.1519539E 04 
C.15492466 04 
0.15793676 04 
0.16096746 04 
0.16407436 04 
0.16719486 04 
C. 1703467t 04 
0.1735280t 04 
C.17673666 04 
0.17997066 04 
0.18322836 04 
0.18650816 04 
C. 18960836 04 
0.19312766 04 
0.19646466 04 
0.1998180E 04 
0.20318666 04 
0.20656926 04 
C.2099649E 04 
C.2133725E 04 
0.21679116 04 
0.22021996 04 
C.2236579E 04 
C.2271C43E 04 
0.23055056 04 
C.23401976 04 
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EURO* FREE CATA 

NO. TINE 

97 1850.01 
98 1860.01 
99 1860.11 

100 1860.21 
101 1860.31 
102 1860.41 
103 1860.51 
104 1860.61 
105 1860.71 
106 1860.81 
107 1860.91 

ELEVATION 

0.4870862E-00 
C.4029682E-01 
C.3585284E-01 
C.3140942E-01 
C.2696438E-01 
C.2252425E-01 
C•1808105E-01 
C.1363913E-01 
0.9197039E-02 
0.4757679E-02 
0.3174228E-03 

A21NUTH 

0.2867436E 03 
C.287121 IE 03 
C.2871248E 03 
0.2B71285E 03 
0.2871322E 03 
0.287136CE 03 
0.2871397E 03 
0.2871434E 03 
0.2871471E 03 
G.2871508E 03 
0.2871545E 03 

RADAR RANGE 

C.2374871E 04 
C.2409602E 04 
0.2409949E 04 
C.2410297E 04 
C.2410645E 04 
0.2410992E 04 
C.2411340E 04 
C.2411687E 04 
0.2412035E 04 
C.2412382E 04 
0.2412730E 04 

▲-6 
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CURVE FIT ERROR ANALYSIS 

POLY¬ 
NOMIAL 
DEGREE 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

DIFFERENCES 

RMS 

0.45E 01 

G.48E-C0 

C.18E-C0 

0.92E-C1 

C*19E-C1 

0.29E-C2 

0.25E-02 

0.81E-03 

C.UE-02 

0•23E-C2 

C.73E-02 

0.81E-02 

0.14E 01 

C.22E-C1 

0.12E 01 

0.19E 01 

0.22E 01 

C.42E 01 

0.14E 03 

0.85E 03 

0.12E 05 

C.S4E 04 

C.59E 00 

C.I8E-C0 

45PCINTS FITTED 

»ELATIVE ERRCRS 

MAX ABS »MS MAX A8S 

AZIMUTH ANGLE (DEG) 

0.99E Oi C.25E-01 0.48E-01 

l .ODE on 

0.63E 00 

0.25E-00 

0.34E-01 

0.86E-02 

0.55E-02 

0.18E-02 

0.26E-02 

0.57E-02 

0.18E-01 

0.15E-01 

0.69E 01 

0.87E-01 

0.52E 01 

0.85E 01 

0.91E 01 

0.26E 02 

0.59E 03 

0.45E 04 

0.68E 05 

0.23E 01 

0.17E 01 

0.43E-00 

0.29E-02 

0.95E-03 

C.51E-03 

0.11E-03 

0.14E-04 

C.13E-04 

C.43E-05 

0.63E-05 

0.12E-04 

0.43E-04 

C.44E-C4 

Q.F7E-02 

0.11E-03 

0.54E-02 

0.88E-02 

0.10E-01 

C.19E-01 

0.63E 00 

0.39E 01 

C.56E 02 

C.44E 02 

0.42E 04 

O.UE 04 

0.65E-02 

0.29E-02 

0.11E-02 

0.196-03 

0.39E-04 

0.25E-04 

0.81E-05 

0.17E-04 

0.26E-04 

0.12E-03 

0.72E-04 

0.32E-01 

0.416-03 

0.246-01 

0.386-01 

0.43E-01 

0.12E-00 

0.276 01 

0.21E 02 

0.316 03 

0.10E 05 

0.26E 05 

0.10E 05 

A-7 
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POIY- 
NCMIAL 
DEGREE 

1 

2 

9 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

CURVE FI I ERRCR ANALYSIS 
45PCINTS FITTED 

DIFFERENCES 

RMS MAX ABS 

0.94E 

0.59E 

O.10E- 

C.19E- 

0.14E* 

C.57E- 

O.04E- 

C.35E« 

C.25E- 

C* 17E* 

0.74E- 

0.72E* 

C.20E- 

0.81E- 

0.13E- 

C.16E- 

C.67E« 

0.46E- 

0.29E 

C.07E 

0.18E 

0.25E 

C.13E 

C.15E 

ELEVATICN 

C4 0.23E 01 

0.17E 01 GO 

•00 

•01 

•01 

•02 

03 

•03 

•03 

03 

•03 

•03 

•00 

•02 

•01 

•01 

•01 

•00 

02 

02 

04 

04 

03 

03 

0.41E-01 

0.12E-01 

0.16E-02 

0.89E-03 

O.07E 00 

0.38E-01 

0.73E-01 

0.80E-C1 

0.14E 03 

0.41E 03 

0.11E 05 

RELATIVE ERRCRS 

RMS MAX ABS 

ANGLE 

0.44E 

0.42E 

ICEG ) 

02 0.10E 05 

O.20E 05 

0.43E-00 0.16E 

0.31E-01 0.17E 

0.64E 

0.32E 

0.A8E 

C.67E 

0.66E-03 0.63E- 

0.34E-03 0.67E 

0.13E-02 C.15E 

0.14E-02 C.13E 

0.35E 

C.60E 

O.90E 

0.15E 

0.29E-00 C.55E 

0.18E Ol 0.93E 

0.30E 

0.A5E 

0.12E 

0.70E 02 0.15E 

O.10E 0> O.60E 

0.25E 03 0.P2E 

A-8 

04 

04 

03 

02 

02 

01 

00 

•01 

00 

01 

01 

02 

00 

00 

•00 

00 

00 

01 

01 

03 

03 

00 

00 

0«ICE 05 

0« HE 04 

0.43E 03 

0.21E 03 

0.32E 02 

0.45E 01 

0.42E-00 

0.45E 01 

0.1GE 02 

0.84E 01 

0.24E 03 

0.4CE 01 

0.66E 01 

0«10E 01 

0.37E 01 

0.62E 01 

0.19E 02 

0.21E 02 

0.64E 03 

0.41E-00 

O.0GE 00 

O.llE 01 
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COEFFICIENTS OF FIFE POLYNOMIALS 

THE COEFFICIENTS OF THE AZIMUTH AND ELEVATION TIME POLYNO¬ 
MIALS ARE LISTED BELOW. THESE POLYNOMIALS ARE FROM 
FITTING THE ERROR-FREE DATA. THE COEFFICIENTS ARE 
LISTED IN ASCENDING POWERS OF TIME. 

AZIMUTH COEFFICIENTS 

0.I5312338E 03 
0.2962131AE 02 

-0.12062063E 02 
0.796Í7336E 02 

-0.2950I996E 02 

ELEVATION COEFFICIENTS 

-0.31390667E-01 
0.25987022E 02 

-0.50789025E 01 
0.39618622E 02 

-0.336A5909E 02 

A-9 
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POLYNOMIAL EVALUATION 

NO. TIME ELEVATION REl ERR AZIMUTH 

1 900.00 
900.00 
900.01 

2 900.01 
903.3* 
906.68 

3 910.01 
913.3* 
916.68 

* 920.01 
923.3* 
926.68 

5 930.01 
933.3* 
936.68 

6 9*0.01 
9*3.3* 
9*6.66 

7 950.01 
953.3* 
956.68 

8 960.01 
963.3* 
966.68 

9 970.01 
973.3* 
976.68 

10 980.01 
983.3* 
986.68 

11 990.01 
993.3* 
996.68 

12 1000.01 
1003.3* 
1006.68 

13 1010.01 
1013.3* 
1016.68 

1* 1020.01 
1023.3* 
1026.68 

15 1030.01 
1033.3* 
1036.68 

16 10*0.01 
10*3.3* 
10*6.68 

-0.3139067E-01 
-0.3118933E-C1 
-0•30988C0E-C1 
-0.3078667E-01 
0.1703699E-00 
0.371C255E-00 
0.5712863E 00 
0.7712559E CO 
0.97103*8E 00 
0.1170720E 01 
0.13 70*08E 01 
0.1570188E 01 
0.177C151E 01 
0.1970382E 01 
0.217096*E 01 
0.2371977E 01 
C.2573*98E 01 
0.2775602E 01 
0.2978361E 01 
0.31818ME 01 
0.3386110E 01 
0.3591229E. 01 
0.3797259E 01 
0.*00*255E 01 
0.*212273E 01 
0.**21362E 01 
0.*631572E 01 
0.*8*29*6E 01 
0.5055528E 01 
0.5269356E 01 
0.5*8**67E 01 
0.570089*E 01 
0.5918668E 01 
0.6137817E 01 
0.6358365E 01 
Ü.6580333E 01 
0.68037*2E 01 
0.7028606E 01 
0.725*9*0E 01 
0.7*82752E 01 
0.7712050E 01 
0.79*2839E 01 
0.8175120E 01 
0.8*08891E 01 
0.86**1*8E 01 
0.8880883E 01 
0.9119087E 01 
0.93587*6E 01 

0.I1E 0* 

0.53E 02 

0.1*6-02 

0.16E-01 

0.16E-01 

0.13E-01 

0.97E-02 

0.63E-02 

0.35E-02 

0.12E-02 

0.60E-03 

0.18E-02 

0.26E-02 

0.30E-02 

0.31E-02 

0.29E-02 

0.153123*E 03 
C.1531236E 03 
C.1531236E 03 
0. 15312*1E 03 
C.153353CE 03 
0.1535807E 03 
C. 1538C7*E 03 
0.15*0333E 03 
0.15*2586E 03 
0.15**8358 03 
0.15*7083E 03 
C.15*93328 03 
0.1551582E 03 
0.I553838E 03 
C.155610CE 03 
0.155837CE 03 
0.156065CE 03 
0.15629*36 03 
0.I56525CE 03 
C.1567573E 03 
0.156991*E 03 
0.1572275E 03 
0.157*6578 03 
0.1577062E 03 
C.1579*928 03 
0.15819*8E 03 
0.158**338 03 
0.15869*88 03 
0.1589*9*E 03 
0.159207*8 03 
0.159*6888 03 
0.1597338E 03 
0.1600027E 03 
0.160275*E 03 
0.1605523E 03 
0.1608333E 03 
0.1611187E 03 
0.161*C86E 03 
0.1617032E 03 
0.1620C25E 03 
0.16230678 03 
0.1626160E 03 
0.162930*E 03 
C.1632501E 03 
C.1635752E 03 
0.1639059E 03 
0.16*2*22E 03 
0.16*58*2E 03 

REL ERR 

0.77E-03 

0.776-03 

0.15E-03 

0.27E-03 

0.5*8-03 

0.678-03 

0.70E-03 

0.6*E-03 

0.53E-03 

0.37E-03 

0.208-03 

0.19E-0* 

0.156-03 

0.31E-03 

0.**E-03 

0.53E-03 
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GA/EE/64-6 

POLYNOMIAL EVALUATICN 

NO. TIME ELEVATION REL ERR AZIMUTH REL ERR 

17 

10 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

1050.01 
1053.34 
1056.68 
1060.01 
1063.34 
1066.68 
1070.01 
1073.34 
1076.68 
1080.01 
1083.34 
1086.68 
1090.01 
1093.34 
1096.68 
1100.01 
1103.34 
1106.68 
1110.01 
1113.34 
1116.68 
1120.01 
1123.34 
1126.68 
1130.01 
1133.34 
1136.68 
1140.01 
1143.34 
1146.68 
1150.01 
1153.34 
1156.68 
1160.01 
1163.34 
1166.68 
1170.01 
1173.34 
1176.68 
1180.01 
1183.34 
1186.68 
1190.01 
1193.34 
1196.68 
1200.01 
1203. 
1206.68 

0.9599843E 01 0.25E-02 
O.9042361E 01 
0.1008628E 02 
0.1033156E 02 0.20E-02 
0.1057820E 02 
0.1082615E 02 
0.1107538E 02 0.14E-02 
0.1132585E 02 
0.1157753E 02 
0.1183037E 02 O.70E-O3 
0.1208433E 02 
0.1233936E 02 
0.1259540E 02 0.19E-03 
0.1285241E 02 
0.13U033E 02 
0.1336910E 02 0.35E-03 
0.1362864E 02 
0.1388891E 02 
0.1414983E 02 0.80E-03 
0.1441133E 02 
0.1467333E 02 
0.1493576E 02 0.11E-02 
0.1519853E 02 
0.1546157E 02 
0.1572479E 02 0.14E-02 
0.1598809E 02 
0.1625139E 02 
0.1651459E 02 0.15E-02 
0.1677760E 02 
0.1704031E 02 
0.1730262E 02 0.14E-02 
0.1756442E 02 
0.1782561E 02 
0.1808607E 02 0.13E-02 
0.1834568E 02 
0.1860433E 02 
O.180619OE 02 0.10E-02 
0.1911826E 02 
0.1937329E 02 
0.1962685E 02 0.73E-03 
0.1987882E 02 
0.2012905E 02 
0.2037742E 02 0.38E-03 
0.2062377E 02 
0.2086796E 02 
0.2110986E 02 0.90E-05 
0.2134929E 02 
0.2158612E 02 

0.1649321E 03 0.59E-03 
C.1652860E 03 
0.1656459E 03 
0.1660121E 03 0.61E-03 
C.1663845E 03 
0.1667633E 03 
0.1671486E 03 0.59E-0? 
0.1675405E 03 
0.1679390E 03 
0.1683443E 03 0.54E-03 
0.1607564E 03 
C.1691755E 03 
0.1696015E 03 0.45E-03 
0.1700346E 03 
0.1704749E 03 
C.1709224E 03 C.33E-03 
0.1713773E 03 
0.1718394E 03 
0.172309CE 03 0.19E-03 
C.1727062E 03 
0.1732708E 03 
0.1737631E 03 0.37E-0A 
0.1742630E 03 
0.1747707E 03 
0.1752861E 03 0.12E-03 
C.1758C94E 03 
0.1763405E 03 
0.1768795E 03 0.27E-03 
0.1774265E 03 
0.1779814E 03 
0.1785444E 03 0.41E-03 
0.1791154E 03 
0.1796945E 03 
0.1802817E 03 0.526-03 
0.1808770E 03 
0.1814805E 03 
0.1820921E 03 0.60E-03 
C.1827120E 03 
0.1833400E 03 
0.1839763E 03 0.64E-03 
0.1846207E 03 
0.1852734E 03 
C.1859344E 03 0.63E-03 
0.1866035E 03 
0.18728G9E 03 
0.1879665E 03 0.58E-03 
0. 1886604E 03 
C.1893624E 03 
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Gâ/EE/64-6 

o/l 

POLYNOMIAL EVALUATICN 

NO. TIME 

39 1210.01 
1213.34 
1216.68 

34 1220.01 
1223.34 
1226.68 

35 1230.01 
1233.34 
1236.68 

36 1240.01 
1243.34 
1246.68 

37 1250.01 
1253.34 
1256.68 

38 1260.01 
1263.34 
1266.68 

39 1270.01 
1273.34 
1276.68 

40 1280.01 
1283.34 
1286.68 

41 1290.01 
1293.34 
1296.68 

42 1300.01 
1303.34 
1306.68 

43 1310.01 
1313.34 
1316.68 

44 1320.01 
1323.34 
1326.68 

45 1330.01 

ELEVATION 

0.2182019E 
0.2205133E 
0.2227939E 
0.2250420E 
0.2272559E 
0.2294340E 
0.2315744E 
0.2336755E 
0.2357354E 
0.2377523E 
0.2397243E 
0.2416496E 
0.2435263E 
0.2453524E 
0.2471260E 
0.2488450E 
0.2505075E 
0.2521113E 
0.2536544E 
0.2551347E 
0.2565500E 
0.2578982E 
0.2591770^ 
0.2603842E 
0.2615176E 
0.2625749E 
0.2635537E 
0.2644518E 
0.2652666E 
0.2659959E 
0.2666372E 
0.2671880E 
0.2676458E 
0.2680081E 
0.2682724E 
0.2684360E 
0.2684964E 

REL ERR 

02 0.34E-03 
02 
02 
02 0.63E-03 
02 
02 
02 0.84E-03 
02 
02 
02 0.94E-03 
02 
02 
02 0.91E-03 
02 
02 
02 0.74E-03 
02 
0? 
02 0.46E-03 
02 
02 
02 0.98E-04 
02 
02 
02 0.29E-03 
02 
02 
02 0.60E-03 
02 
02 
02 0.71E-03 
02 
02 
02 0.44E-03 
02 
02 
02 0.431-03 

AZIMUTH 

0.1900727E 
0.1907911E 
C.1915178E 
0.1922525E 
0.1929954E 
0.1937465E 
C.1945055E 
C.1952727E 
0.1960478E 
0.196831GE 
0.197622 IE 
0.198421 IE 
C.199227SE 
0.2000426E 
0.200865 IE 
O•2016953E 
C.2025331E 
C.2033786E 
C.2042316E 
0.2050921E 
C.2059601E 
C.2068354E 
C.2077181E 
0.2086079E 
0.2095050E 
0.2104C91E 
0.2113202E 
C.2122383E 
0.2131632E 
0.2140948E 
0.2150332E 
0.2159781E 
0.2169295E 
C.2178873E 
0.2188513E 
0.2198216E 
0.220758GE 

REL ERR 

03 0.47E-03 
03 
03 
03 0.33E-03 
03 
03 
03 0.14E-03 
03 
03 
03 0.65E-04 
03 
03 
03 0.28E-03 
03 
03 
03 0.48E-03 
03 
03 
03 0.64E-03 
03 
03 
03 0.73E-03 
03 
03 
03 0.71E-03 
03 
03 
03 0.55E>03 
03 
03 
03 0.226*03 
03 
03 
03 0.336*03 
03 
03 
03 0.116-02 
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GA/EE/Ã4-6 

TRANSFER FUNCMCN EVALUATICN 

NO. TIKE ELEVATION REL ERR AIIKUTH REL ERR 

1 
2 
3 
4. 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 i 
42 
43 
44 
45 

900.00 -0.3177889E-01 
900.01 -0.3177853E-01 
910.01 0.3853530E-00 
920.01 0.1082982E 01 
930.01 0.1635961E 01 
940.01 0.2256669E 01 
950.01 0.2853970E 01 
960.01 0.3468087E 01 
970.01 0.4086295E 01 
980.01 0.4715077E 01 
990.01 0.5354196E 01 

1000.01 0.6005030E 01 
1010.01 0.6668349E 01 
1020.01 0.7344670E 01 
1030.01 0.8034348E 01 
1040.01 0.8737447E 01 
1050.01 0.9453827E 01 
1060.01 0.1018309E 02 
1070.01 0.1092463E 02 
1080.01 0.1167756E 02 
1090.01 0.1244081E 02 
1100.01 0.1321303E 02 
1110.01 0.1399266E 02 
1120.01 0.1477789E 02 
1130.01 0.1556668E 02 
1140.01 0.1635675E 02 
1150.01 0.1714559E 02 
1160.01 0.1793046E 02 
1170.01 0.1870836E 02 
1180.01 0.1947607E 02 
1190.01 0.2023014E 02 
1200.01 0.2096686E 02 
1210.01 0.2168232E 02 
1220.01 0.2237234E 02 
1230.01 0.2303252E 02 
1240.01 0.2365822E 02 
1250.01 0.2424457E 02 
1260.01 0.2478646E 02 
1270.01 0.2527853E 02 
1280.01 0.2571521E 02 
1290.01 0.2609066E 02 
1300.01 0.2639885E 02 
1310.01 0.2663348E 02 
1320.01 0.2678801E 02 
1330.01 0.2685568E 02 

0.12F-01 
0.32E-01 
0.33F-0C 
0.75E-01 
0.76E-01 
0.49E-01 
0.42E-01 
0.34K-01 
0.30E-01 
0.26E-01 
0.24E-01 
0.22E-01 
0.20^01 
0.18E-01 
0.17Ç-C1 
0.16Ç-01 
0.15F-01 
0.14E-01 
0.14E-01 
0.13F-01 
0.12E-01 
0.12E-CI 
O.llF-Ol 
O.llE-Oi 
0. lOE-Ol 
0.96F-02 
0.91E-02 
0.86E-02 
0.81E-02 
0.77E-02 
0.72E-02 
0.68F-02 
0.63E-02 
0.59F-02 
0.54E-02 
0.49E-02 
0.44E-02 
0.39E-02 
0.34E-02 
0.29F-02 
0.23E-02 
0.18E-02 
O.ilE-02 
0.48E-03 
0.22E-03 

0.1531224E 03 
0.1531224E 03 
C.1535973E 03 
C.1543853E 03 
0.1550070E 03 
0.1557065E 03 
C.1563829E 03 
0.1570848E 03 
C.1578C08E 03 
C.1585412E 03 
0.1593087E 03 
0.1601081E 03 
C.1609434E 03 
0.1618184E 03 
0.1627369E 03 
C.1637023E 03 
0.1647179E 03 
0.1657866E 03 
0.1669113E 03 
0.168C948E 03 
C.1693393E 03 
0.1706471E 03 
0.1720203E 03 
0.1734606E 03 
C.1749696E 03 
C.1765487E 03 
C.1781991E 03 
0.1799218E 03 
0.1817175E 03 
0.1835868E 03 
0.185530IE 03 
0.1875474E 03 
0.1896386E 03 
0.1918G4CE 03 
0.1940425E 03 
0.1963536E 03 
0.1987364E 03 
0.2011899E 03 
0.2037127E 03 
0.2063033E 03 
0.208960CE 03 
0.21168C9E 03 
0.2144639E 03 
0.2173066E 03 
0.2202064E 03 

0.61E-05 
O.ilE-04 
0.14fc-C2 
0.64E-03 
0.97E-03 
0.84E-03 
0.9IE-03 
0.91E-03' 
0.94E-03 
0.97E-03 
O.iOE-02 
O.iOE-02 
0.11E-02 
O.llE-02 
0.12E-02 
0.12E-02 
0.13E-02 
0.14E-02 
0.14E-02 
0.15E-02 
0.156-02 
0.16E-0? 
0.17E-02 
0.17E-02 
0.186-02 
0.19E-C2 
0.19E-02 
0.20E-02 
0.21E-02 
0.21E-02 
0.22E-02 
0.226-02 
0.236-02 
0.23E-02 
0.24E-02 
0.246-02 
0.25E-02 
0.25E-C2 
0.25E-02 
0.266-02 
0.26E-02 
0.266-02 
0.266-02 
0.27E-02 
0.27E-02 

POINTS 0KM1TE0 BY FIT AR6 0 
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CA/EE/64-6 

POLY¬ 
NOMIAL 
DEGREE 

! 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

CURVE FIT 

DIFFERENCES 

RMS MAX ABS 

AZIMUTH 

C.53E Cl 0.14E 02 

0.10E Cl 0.23E 01 

0.86E-01 Q.23E-00 

0.80E-C1 0.31E-00 

C.35E-C1 O.ilE-OO 

C.84E-02 0.18E-01 

0.10E-G2 0.27E-02 

0.27E-C2 0.57E-02 

0.27E-C2 0.48E-02 

0.12E-C1 0.23E-C1 

0.12E-01 0.28E-01 

0.33E-C0 0.99E 00 

0.31E-00 0.94E 00 

0.93E-C1 0.39E-00 

0.17E-C0 0.80E 00 

0.14E-00 0.70E 00 

0.64E CO 0.20E 01 

0.65E 02 0.24E 03 

C.31E C2 0.13E 03 

0.58E 02 0.19E 03 

0.22E 03 0.11E 04 

0.67E 03 0.1 ^ 01 

C.48E-C0 0.18E 01 

0.22E-C0 0.70E 00 

ERROR ANALYSIS 
62PCINTS FITTED 

RELATIVE ERRORS 

RMS MAX ABS 

ANGLE (OEG) 

C.21E-01 0.63E-01 

C.39E-02 O.UE-Ol 

0.13E-C3 0.10E-02 

0.33E-03 0.14E-02 

C.14E-03 0.49E-03 

0.32E-04 0.80E-04 

0.40E-05 0.12E-04 

C.10E-04 0.20E-04 

0.10E-04 0.17E-04 

0.478-04 0.97E-04 

0.47E-04 0.98E-04 

0.12E-02 0.34E-02 

0.UE-02 0.33E-02 

C.13E-03 0.13E-02 

0.61E-C3 0.28E-02 

0.49E-03 0.25E-02 

C.22E-02 0.68E-02 

0.23E-G0 0.83E 00 

O.UE-OO 0.45E-00 

C.20E-00 0.67E 00 

0.78E 00 0.37E 01 

C.73E 01 0.14E 04 

Q.11E 03 0.85E 03 

0.50E 02 0.4CE 03 

A-14 



GA/EE/64-6 

CURVE FIT ERROR ANALYSIS 

POLY¬ 
NOMIAL 
DEGREE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

DIFFERENCES 

RMS MAX ABS 

ELEVATION 

0.67E 03 0.15E 01 

0.48E-00 

0.22E-C0 

0.53E-01 

C.55E-C2 

0.52E-02 

0.24E-02 

0.57E-03 

C.31E-C3 

C.53E-C3 

0.74E-C3 

C.84E-02 

0.66E-C2 

0.50E-02 

C.30E-C1 

0.51E-01 

0.49E-C1 

G.44E-00 

G.16E-C0 

C.75E GO 

0« HE C3 

0.62E 02 

0.40E C2 

0.52E C2 

0.18E 01 

0.70E 00 

0.13E-00 

0*l2E-0i 

0.18E-01 

0.63E-02 

0.13E-02 

0.77E-03 

0.13E-02 

0.16E-02 

0.24E-01 

0.21E-01 

0.21E-01 

0.15E-00 

0.21E-00 

0.19E-00 

0.21E 01 

0.65E 00 

0.29E 01 

0.43E 03 

0.69E 02 

0.63E 02 

0.74E 02 

62PCINTS FITTED 

RELATIVE ERRORS 

RMS MAX ABS 

ANGLE (DEG) 

0.23E 01 0.14E 04 

0.85E 03 

0.40E 03 

0.92E 02 

0.74E 01 

0.43E 01 

0.24E 01 

0.64E 00 

0.44E-0C 

0.54E-01 

0.12E 01 

0.51E 02 

0.32E 02 

0.30E 02 

0.13E 02 

0.10E 03 

0.24E 03 

0.16E 04 

0.43E 03 

0.19E 04 

0.77E 06 

0.31E-00 

0.28E-0C 

0.29E-00 

0.11E 03 

0.50E 02 

0.12E 02 

C.94E GO 

C.55E GO 

C.30E-00 

0.820-01 

C.57E-01 

C.70E-02 

0.15E-00 

C.65E 01 

C.41E 01 

0.38E 01 

G.26E 01 

0.I4E 02 

C.30E 02 

G.24E 03 

C.*7E 02 

0.24E 03 

0.98E 05 

0.49E 05 

C.15E-C0 

0*I9E-00 
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GA/EE/64-6 

COEFFICIENTS OF TIFE POLYNOFIALS 

THE COEFFICIENTS OF THE A2IHUTH INO ELEVATION TINE PCLVNO- 
PIALS ARE LISTED BELOW. THESE POLYNOMIALS ARE FROM 
FITTING THE ERROR-FREE DATA. THE COEFFICIENTS ARE 
LISTED IN ASCENDING POWERS OF TIME. 

AZIMUTH COEFFICIENTS 

C.22296183E 03 
0.1535774AE 03 

-0.I415888GE 03 
0.57757708E 02 

-0.55244608E 01 

ELEVATION COEFFICIENTS 

0.26991532E 02 
-0.53777441E 01 
-0.83569923E 02 
0.10H0569E 03 

-0.39178401E 02 

A-16 



GA/EE/64-6 

POLYNOMIAL EVALUATICN 

NO. TIME ELEVATION REL ERR AZIMUTH 

A6 1340.01 
1343.34 
1346.66 

47 1350.01 
1353.34 
1356.68 

46 1360.01 
1363.34 
1366.68 

49 1370.01 
1373.34 
1376.68 

50 1380.01 
1383.34 
1386.68 

51 1390.01 
1393.34 
1396.68 

52 1400.01 
1403.34 
1406.68 

53 1410.01 
1413.34 
1416.68 

54 1420.01 
1423.34 
1426.68 

55 1430.01 
1433.34 
1436.68 

56 1440.01 
1443.34 
1446.68 

57 1450.01 
1453.34 
1456.68 

58 1460.01 
1463.34 
1466.68 

59 1470.01 
1473.34 
1476.60 

60 1480.01 
1483.34 
1486.68 

61 1490.01 
1493.3<, 
1496.68 

0.2699153E 02 
0.2695372E 02 
0.2690923E 02 
0.2685820E 02 
0.2680080E 02 
0.2673718E 02 
0.2666749E 02 
0.2659188E 02 
0.2651050E 02 
0.2642350E 02 
0.2633102E 02 
0.2623321E 02 
0.2613020E 02 
0.2602215E 02 
0.2590918E 02 
0.2579144E 02 
0.2566907E 02 
0.2554219E 02 
0.2541094E 02 
0.2527545E 02 
0.2513585E 02 
0.2499227E 02 
0.2484484E 02 
0.2469368E 02 
0.2453892E 02 
0.2438067E 02 
0.2421905E 02 
0.2405420E 02 
0.2388622E 02 
0.2371522E 02 
0.2354133E 02 
0.2336465E 02 
0.2318530E 02 
0.2300338E 02 
0.2281901E 02 
0.2263229E 02 
0.2244332E 02 
0.2225220E 02 
0.2205904E 02 
0.2186395E 02 
0.2166700E 02 
0.2146832E 02 
0.2126797E 02 
0.2106607E 02 
0.2086271E 02 
0.2065796E 02 
0.2045193E 02 
0.2024470E 02 

0.48E-02 

0.25E-02 

0.50E-03 

0.10E-02 

0.22E-O2 

0.29E-02 

0.32E-02 

0.33E-02 

0.30E-02 

0.25E-02 

0.18E-02 

1.C0E-03 

0.13E-03 

0.74E-03 

0.16E-02 

0.23E-02 

0.2229618E 03 
0.2239386E 03 
0.2249C43E 03 
0.2258584E 03 
0.226801 IE 03 
C.2277326E 03 
0.228653CE 03 
C.2295623E 03 
C.2304606E 03 
0.2313481E 03 
C.2322248E 03 
C.2330906E 03 
0.2339461E 03 
C.234791CE 03 
C.2356254E 03 
0.2364494E 03 
0.2372632E 03 
0.2380669E 03 
0.2388604E 03 
C.239644CE 03 
0.2404176E 03 
0.2411814E 03 
0.2419355E 03 
0.242680CE 03 
C.2434148E 03 
C.2441402E 03 
0.2448562E 03 
C.2455629E 03 
C.2462603E 03 
C.2469486E 03 
0.247627ÇF 03 
C.2482982E 03 
0.2489596E 03 
0.2496121E 03 
0.250256CE 03 
0.2508912E 03 
0.2515175E 03 
C.2521361E 03 
0.252746CE 03 
0.2533475E 03 
0.2539408E 03 
0.2545259E 03 
C.255103CE 03 
C.2556721E 03 
0.2562333E 03 
C.2567867E 03 
C.2573324E 03 
C.2578704E 03 

REL ERR 

0.14E-02 

0.46E-03 

0.14E-03 

0.50E-03 

0.67E-03 

0.71E-03 

0.65E-03 

0.5 3E -0 3 

0.38E-03 

0.22E-03 

0.65E-04 

0.79E-C4 

0.20E-03 

0.30E-03 

0.37E-03 

0.41E-03 
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GA/EE/64-6 

POLYNOMIAL EVALUATION 

NO. TIME ELEVATION REL ERR AZIMUTH 

62 15C0.0I 
1503.34 
1506.68 

63 1510.01 
1513.34 
1516.68 

64 1520.01 
1523.34 
1526.68 

65 1530.01 
1533.34 
1536.68 

66 1540.01 
1543.34 
1546.68 

67 1550.01 
1553.34 
1556.68 

6B 1560.01 
1563.34 
1566.68 

69 1570.01 
1573.34 
1576.66 

70 1580.01 
1583.34 
1586.68 

71 1590.01 
1593.34 
1596.68 

72 1600.01 
1603.34 
1606.68 

73 1610.01 
1613.34 
1616.68 

74 1620.01 
1623.34 
1626.68 

75 1630.01 
1633.34 
1636.68 

76 1640.01 
1643.34 
1646.68 

77 1650.01 
1653.34 
1656.68 

0.2003636E 02 
0.1982698E 02 
0.1961666E 02 
0.194C547E 02 
0.1919349E C2 
0.1898080E C2 
0.1676748E 02 
0.1855359E 02 
0.1833923E 02 
0.1812444E 02 
0.179C932E C2 
0.1769391E 02 
0.1747830E 02 
0.1726254E 02 
0.1704670E 02 
0.1663084E 02 
0.1661502E 02 
0•1639931E 02 
0.1618375E 02 
0.1596840E 02 
0.1575332E 02 
0.1553856E 02 
0.1532417E 02 
0.1511020E 02 
0.1489670E C2 
0.Í468371E 02 
0.1447129E 02 
0.1425946E 02 
0.1404828E 02 
0.1383778E 02 
0.1362800E 02 
0.1341898E 02 
0.1321075E 02 
0.1300336E 02 
0.1279682E 02 
0.1259117E 02 
0.1238644E 02 
0.1218265E 02 
0.1!97984E 02 
0.1177802E 02 
0.1157722E 02 
0.1137746E 02 
0.1l17876E 02 
0.1098114E 02 
0.1078460E 02 
0.1058918E 02 
0.1039488E 02 
0.1020171E 02 

0.30E-02 

0.35E-02 

0.39E-02 

0.40E-02 

0.40E-02 

0.38E-02 

0.34E-02 

0.28E-02 

0.21E-02 

0.12E-02 

0.181-03 

0.92E-03 

0.21E-02 

0.32E-02 

0.44E-02 

0.54E-02 

C.2584008E 03 
0.2589238E 03 
C.2594393E 03 
C.2599475E 03 
C.2604485E 03 
C.2609422E 03 
C.2614285E 03 
0.2619086E 03 
0.2623813E 03 
C.2628471E 03 
C.2633062E 03 
0.2637586E 03 
0.2642C44E 03 
C.2646436E 03 
C.2650763E 03 
0.265502fcE 03 
C.2659227E 03 
C.2663364E 03 
C.2667441E 03 
0.2671456E 03 
0.267541IE 03 
C.2679307E 03 
C.2683144E 03 
0.2686924E 03 
C.2690646E 03 
0.2694312E 03 
0.2697923t 03 
0.2701478E 03 
0.270498CE 03 
C.2708428E 03 
C.27U024E 03 
0.2715167E 03 
C.271846CE 03 
0.2721702E 03 
C.2724894E 03 
C.2728037E 03 
0.2731132E 03 
0.2734180E 03 
C.2737181E 03 
C.2740135E 03 
C.2743C45E 03 
0.2745905E 03 
C.274873CE 03 
C.2751508E 03 
0.2754243E 03 
0.2756936E 03 
C.2759588E 03 
C.2762195E 03 

REL ERR 

0.42E-03 

0.42E-03 

0.39E-03 

0.35E-03 

0.29E-03 

0.22E-03 

0.15E-03 

0.82E-04 

0.11E-04 

0.57E-04 

0.12E-03 

0.17E-03 

0.226-03 

0.256-03 

0.27E-03 

0.29E-03 
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GA/EE/64-6 

POLYNOMIAL EVALUATION 

NO. TIME 

78 1660.01 
1663.34 
1666.68 

79 1670.01 
1673.34 
1676.68 

80 1680.01 
1683.34 
1686.68 

81 1690.01 
1693.34 
1696.68 

82 1700.01 
1703.34 
17C6.68 

83 1710.01 
1713.34 
1716.68 

84 1720.01 
1723.34 
1726.68 

85 1730.01 
1733.34 
1736.68 

86 1740.01 
1743.34 
1746.68 

87 1750.01 
1753.34 
1756.68 

88 1760.01 
1763.34 
1766.68 

89 1770.01 
1773.34 
1776.68 

90 1780.01 
1783.34 
1786.68 

91 1790.01 
1793.34 
1796.68 

92 1800.01 
1803.34 
1806.68 

93 1810.01 
1813.34 
1816.68 

ELEVATION 

0.1000968E 
0.9818799E 
0.9629078E 
0.9440520E 
0.9253129E 
0.9066905E 
0.8881851E 
0.8697964E 
0.8515243E 
0.8333682E 
0.8153277E 
0.7974019E 
0.7795901E 
0.761891 IE 
0.7443036E 
0.7268264E 
0.7094580E 
0.6921966E 
0.6750404E 
0.6575874E 
0.641C353E 
0.6241821E 
0.6074251E 
0.5907617E 
0.5741892E 
0.5577045E 
0.5413047E 
0.5249863E 
0.5087461E 
0.4925804E 
0.4764855E 
0.4604575E 
0.4444924E 
0.4285859E 
0.4127336F 
0.3969312E 
0.3811738E 
0.3654568E 
0.3497749E 
0.3341231E 
0.318496 IE 
0.3028885E 
0.2872946E 
0.2717085E 
0.2561244E 
0.2405362E 
Ü.2249376t 
0.2093222t 

*EL ERR 

02 0.63E-02 
01 
Cl 
01 0.71E-02 
01 
01 
01 0.76E-02 
01 
01 
01 0.78E-02 
01 
01 
01 0.76E-C2 
01 
01 
01 0.7CE-02 
01 
01 
01 0.59E-02 
01 
01 
01 0.43E-02 
01 
01 
01 0.20E-02 
01 
01 
01 0.91E-03 
01 
01 
01 0.46E-02 
01 
01 
01 0.91E-02 
01 
01 
Cl 0.14E-01 
01 
01 
01 0.21E-01 
01 
01 
01 0.28E-01 
Cl 
01 
01 0.35E-C1 
01 
01 

AZIMUTH 

0.276477 IE 
0.2767304E 
C.2769799E 
C.2772255E 
0.2774675E 
0,2777055E 
C.2779407E 
C.278172CE 
C.2783599E 
0.2786245E 
C.2788457E 
C.2790638E 
0.2792786E 
0.2794904E 
C.2796992E 
0.2799C5CE 
0.280108CE 
C.2803C81E 
0.2805055E 
0.28C7C01E 
0.2808922E 
C.2810817E 
0.281266 7E 
0.2814533E 
0.2816355E 
0.2818154E 
0.281993 IE 
0.2821686E 
C.282342CE 
C.2825134E 
C.2826827E 
0.2828502E 
0.2830156E 
C.2831796E 
C.2833417E 
0.2835C2IE 
C.2836609E 
0.283818 IE 
0.2839739E 
0.284 1282E 
C.2842812E 
C.2844329E 
0.2845833E 
0.2*47326E 
C.2848807E 
C.2850278E 
0.2851738E 
0.285319CE 

REL ERR 

03 0.29L-03 
03 
03 
03 0.27E-03 
03 
03 
03 0.25E-03 
03 
03 
03 0.22E-03 
03 
03 
03 0.18E-03 
03 
03 
03 0.13E-03 
03 
03 
03 0.62E-04 
03 
03 
03 0.26E-04 
03 
03 
03 0.31E-04 
03 
03 
03 0.88E-C4 
03 
03 
03 0.14E-03 
03 
03 
03 0.19E-03 
03 
03 
03 0.23E-03 
03 
03 
03 0.26E-03 
03 
03 
03 0.28E-03 
03 
03 
03 0.28E-03 
03 
03 
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GA/EE/6*-6 

POLYNOMIAL EVALUATION 

NO. TIME ELEVATION rel err AZIMUTH 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

1820.01 0.1936834E 01 
1823.34 0.1780146E 01 
1826.68 0.1623087E 01 
1830.01 0.1465589E 01 
1833.34 0.1307577E 01 
1836.68 0.1148980E 01 
1840.01 0.9897218E CO 
1843.34 0.8297253E 00 
1846.68 0.6689126E 00 
1850.01 0.5072045E 00 
1853.34 0.3445182E-00 
1856.68 0.1807711E-00 
1860.01 0.1587892E-01 
1860.04 0.1422405E-01 
1860.08 0.1256895E-01 
I860.11 0.1091409E-01 
1860.14 0.9258986E-02 
1860.18 0.7603407E-02 
1860.21 0.5947828E-02 
1860.24 0.4292488E-02 
1860.28 0.2636909E-02 
1860.31 0.9806156E-03 
1860.34 -0.6754398Í-03 
1860.38 -0.2331257E-02 
1860.41 -0.3987551E-02 
1860.44 -0.5644083E-02 
1860.48 -0.73C0854E-C2 
1860.51 -0.8956909E-02 
1860.54 -O.1C61392E-01 
1860.58 -0.1227045E-01 
1860.61 -0.1392794E-01 
1860.64 -0.1558471E-01 
1860.68 -0.1724172E-01 
1860.71 -0.1889896E-01 
1860.74 -0.2055645E-01 
1860.78 -0.2221394E-01 
1860.81 -0.2387166E-01 
1860.84 -0.2552962E-01 
1860.88 -0.2718 782E-C1 
1860.91 -0.2884603E-01 

0.43E-01 0.2854632E 03 
0.2856066E 03 
C.2857493E 03 

0.50E-01 C.2858912E 03 
C.2860325E 03 
0.2861732E 03 

0.54E-01 0.2863134E 03 
Q.286<*53IE 03 
0.2865924E 03 

0.41E-01 0.2867313E 03 
C• 286869SE 03 
C.2870083E 03 

0.61E OC 0.2871464E 03 
0.2871478E 03 
0.2871492E 03 

0.70E OC 0.2871506E 03 
C.287152CE 03 
0.2871533E 03 

0.81E OC C.2871547E 03 
0.2871561E 03 
0.2871575E 03 

0.96E 00 0.2871589E 03 
G.2871602E 03 
0.2871616E 03 

0.12E 01 0.287163CE 03 
0.2871644E 03 
0.2871658E 03 

0.15E 01 0.2871672E 03 
0.2871685E 03 
C.2871699E 03 

0.20E 01 0.2871713E 03 
0.2871727E 03 
C.2871741E 03 

0.31E 01 0.2871754E 03 
0.2871768E 03 
0.2871782E 03 

0.60E 01 0.2871796E 03 
C.287181GE 03 
0.2871823E 03 

0.92E 02 0.2871837E 03 

A-20 

IMHUiM**' 

REL ERR 

C.25E-03 

0.21E-03 

0.14E-03 

0.43E-04 

0.88E-04 

0.90E-04 

0.91E-04 

0.93E-04 

0.94E-04 

0.96E-04 

0.97E-04 

0.99E-04 

0.10E-03 

0.10E-03 



GA/EE/64-6 

TRANSFER FUNCTION EVALUATION 

NO. TIME ELEVATION REL ERR AZIMUTH 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
34 
85 
86 
8 7 
88 
89 
90 
91 
9? 
93 

1340.01 
1350.01 
1360.01 
1370.01 
1380.01 
1390.01 
1400.01 
1410.01 
1420.01 
1430.01 
1440.01 
1450.01 
1460.01 
1470.01 
1480.01 
1490.01 
1500.01 
1510.01 
1520.01 
1530.01 
1540.01 
1550.01 
1560.01 
1570.01 
1580.01 
1590.01 
1600.01 
1610.01 
1620.01 
1630.01 
1640.01 
1650.01 
1660.01 
1670.01 
1680.01 
1690.01 
1700.01 
1710.01 
172C.01 
1730.01 
1740.01 
1750.01 
1760.01 
1770.01 
1780.01 
1 790.01 
1800.01 
111 10.01 

0.2698715E 02 
0.269C922E 02 
0.2670879E 02 
0.2648353E 02 
0.2619596E 02 
0.2586691E 02 
0.2549372E 02 
0.2508220E 02 
0.2463518E 02 
0.2415617E 02 
0.2364840E 02 
0.2311496E 02 
C.22S5882E 02 
0.2198284E 02 
0.2138974E 02 
0.207821 IE 02 
0.2016242E C2 
0.1953300E 02 
0.1889607E 02 
0.1825371E 02 
0.1760787E 02 
0.1696038E 02 
0.1631294E 02 
0*1566712E 02 
0.1502437E 02 
0.1438599E 02 
0. 1375319E 02 
0.1312702E 02 
0.1250841E 02 
0.1189818E 02 
0.1129699E 02 
0.1070539E 02 
0.1012382E 02 
0.9552561E 01 
0.8991784E 01 
0.8441525E 01 
0.7901698E 01 
0.7372087E 01 
0.6852347E 01 
0.6342008E 01 
0.5840468E 01 
0.5347001E 01 
0.4860752E 01 
0.4380739E 01 
0.3905850E 01 
0.3434849E 01 
0.2966370E 01 
0.2498920E 01 

0.16F-C3 
0.19E-02 
0.15E-02 
0.23E-02 
0.25E-02 
0.29E-C2 
0.33E-02 
0.36E-02 
0.39E-02 
0.42E-02 
0.45E-02 
0.49E-02 
0.51F-02 
0.54F-02 
0.57E-02 
0.60F-02 
0.63F-02 
0.66F-02 
0.69E-02 
0.71E-02 
0.74^-02 
0.77E-02 
0.80F-02 
0.83F-02 
0.86F-02 
0.89E-02 
0.92F-02 
0.95E-02 
0.98F-02 
0.10E-01 
0.11E-01 
0.11E-01 
0.11E-01 
0.12F-01 
0.12E-C1 
0.13F-01 
0.14E-01 
0.14F-01 
0.15F-01 
0.16F-01 
0.17E-01 
0.19F-01 
0.20F-01 
0.22E-01 
0.25F-01 
0.28F-01 
0.33F-01 
0.39E-01 

0.2229544E 03 
C.2249762E 03 
C.2282667E 03 
C.2307573E 03 
C.2334707E 03 
C.2359543E 03 
0.2383973E 03 
C.2407313E 03 
0.242983IE 03 
0.2451476E 03 
0.2472288E 03 
C.2492289E 03 
0.2511499E 03 
0.2529944E 03 
0.2547643E 03 
0.256462GE 03 
0.2580897E 03 
C.2596495E 03 
0.2611436E 03 
C.2625741E 03 
0.263943IE 03 
C.2652528E 03 
C.2665053E 03 
C.2677025E 03 
0.2688467E 03 
C.2699397E 03 
C.2709836E 03 
C.2719804E 03 
0.272932IE 03 
C.2738406E 03 
C.2747C79E 03 
0.2755359E 03 
0.2763265E 03 
0.2770817E 03 
C.2778032E 03 
0.2784929E 03 
C.2791527E 03 
C.2797843E 03 
C.2803896E 03 
0.2809704E 03 
0.2815284E 03 
C.2820653E 03 
0.2825830E 03 
0.283083CE 03 
C.283567IE 03 
C.2840369E 03 
0.2844942E 03 
C.2849405E 03 

REL ERR 

0.33E-04 
0.39E-C2 
0.176-02 
0.26E-02 
0.20E-02 
0.21E-C2 
0.19E-C2 
0.19E-C2 
0.18F-C2 
0.17E-02 
0.16E-02 
0.15E-C? 
0.15E-02 
0.14E-02 
0.13E-02 
0.13E-C2 
0.12E-02 
G.UE-C2 
0.1 1L-C2 
0.106-C2 
0.99F -Q 3 
0.94E-03 
0.906-0 î 
0.85E-03 
0.8 lfc-03 
0.77E-03 
0.736-03 
0.70E-03 
0.66E-03 
0.63E-03 
0.60E-0 3 
0.57E-03 
0.54E-03 
0.526-03 
0.49E-03 
0.47E-C3 
0.45E-03 
0.43E-03 
0.416-03 
0.40E-03 
0.38E-C3 
0.37E-03 
0.35E-03 
0.34E-03 
0.33E-03 
0.32E-03 
0.3 IE-03 
0.316-03 
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GA/EE/64-6 

transfer function evaluation 

NO. TIFE ELEVATION REL ERR A2IFUTH REL ERR 

94 1820.01 
95 1830.01 
96 1840.01 
97 1850.01 
98 1860.01 
99 1860.11 

100 1860.21 
101 1860.31 
102 1860.41 
103 1860.51 
104 1860.61 
105 1860.71 
106 1860.81 
107 1860.91 

0.2030877E 01 
0.1560491E 01 
0.1C85885E 01 
0.6050601E 00 
0.1158781E-00 
0.1109347E-00 
0.1059937E-00 
0.1010513E-00 
0.9610558E-C1 
0.9116077E-01 
0.8621407E-01 
0.8126640E-01 
0.7631636E-01 
0.7136917E-01 

0.49E-01 
0.65F-01 
0.97E-01 
0.19E-00 
0.63E 01 
0.92F 01 
0.17E 02 
0.10E 03 
0.25F 02 
0« HE 02 
0.72E 01 
0.53E 01 
0.42E 01 
0.35F 01 

0.2853775E 03 
0.2858C67E 03 
0.2862296E 03 
0.2866483E 03 
C.2870637E 03 
0.2870679E 03 
0.287072CE 03 
0.2070762E 03 
0.2870803E 03 
0.2870844E 03 
0.2870886E 03 
0.2870927E 03 
0.2870969E 03 
0.287101CE 03 

0.30E-03 
0.30E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
0.29E-03 
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COMPARISON CF INPUT PARAMETERS AND PARAMETERS FROM FIT 

OF ERPOR FREE CATA 

NCT6. THE RELATIVE ERRORS WERE OPTAINEC BY NORMAL IZING 
THE AbSCLUTE DIFFERENCES TU THE INPIT VALUES (EXCEPT TIME CF 
PERIGEE PASSAGE WHICH WAS NOMALI7ED TO THE PERIOD). 

INPUT COMPUTED ABSCLLTE RELATIVE 
DIFFERENCE ERROR 

ECCENTRICITY O.ObOOOOO 0.C50C913 0.9136E-04 0.I827E-02 

SEM I MAJOR AXIS 4560.0000 4565.1694 0.5169E 01 0.1134E-C2 

RIGHT ASCENSION 
OF THE NODE 

-176.380 -176.335 0.4536E-C1 0.2572E-03 

ARGUMENT OF 
PERIGEE 

-40.C0C -38.634 0.1366E 01 0.3414E-01 

LCNGITUDE CF 
PERIGEE 

-216.380 -214.969 0.1411E 01 0.6521E-02 

INCLINATION 40.00C 40.009 0.9254E-02 0.2313E-03 

TIME OF PERIGEE 
PASSAGE 

0. 21.4502 C.2145E 02 0.3428E-C2 

PERIOD 6256.5132 6267.1590 0.1065E 02 0.1702E-C2 

THE MAXIMUM ABSOLUTE ERROR IN POSITION DUE TC THIS FIT IS 
47.746 MILES. THE RMS POSITION ERROR FOR ONE ORBIT IS 
20.791 MILES. THE RELATIVE VALLES ARE 0.11C16633E-C1 MAX 

IMUM AND 0.46871948E-02 RMS FOR A SINGLE ORBIT. 

A-24 
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COMPARISON OF PARAMETERS FRCM FIT AND PARAMETERS 

CONSIDERING TRACKER RESPONSE 

NOTE. THE RELATIVE ERRORS WERE OBTAINED BY NORMALIZING 
THE ABSOLUTE DIFFERENCES TO THE FITTED VALUES (TIME CF PERIGEE 
PASSAGE WAS NORMALIZED TO THE PERIOD). 

ECCENTRICITY 

SEMIMAJOR AXIS 

FITTED 

0.0500913 

4565.1694 

RESPONSE 

C.«516948 

4557.9654 

ABSCLLTE 
DIFFERENCE 

0.1603E~02 

0.7204E 01 

RELATIVE 
ERROR 

0.3201E-01 

0.1578E-C2 

RIGHT ASCENSION 
CF THE NOCE 

-176.335 -176.448 G.1135E-00 0.6438E-C3 

ARGUMENT OF 
PERIGEE 

-38.634 -40.898 C.2264E Ol 0.5860E-01 

LONGITUDE CF 
PERIGEE 

-214.969 -217.346 0.2377E 01 0.1106E-01 

INCLINATION 40.009 39.959 0.5024E-01 0.1256E-02 

TIME OF PERIGEE 
PASSAGE 

21.4502 -11.5001 0.3255E 02 0.5258E-C2 

PERIOD 6267.1590 6252.3447 0.1481E 02 0.2364E-02 

THE MAXIMUM ABSOLUTE ERROR IN POSITION INTROCUCED BY THE 
DYNAMIC RESPONSE OF THE SATELLITE TRACKING SYSTEM IS 

51.521 MILES. THE RMS P0S1TICN ERROR FOR ONE ORBIT IS 
22.359 MILES. THE RELATIVE VALLES ARE 0.11872201E-G1 MAX¬ 

IMUM ANC 0.4975868CE-02 RMS FOR A SINGLE ORBIT. 
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Appendix B 

Least Squares Theory 

In this paper, least squares theory Is used to "fit" 

elevation and azimuth values generated from orbit mechan¬ 

ics equations to time polynomials. The theory Is briefly 

described In this appendix since ir the body of the report, 

the theory is applied with no explanation. This discussion 

In general Is patterned after a similar discussion In 

reference 2, 

The overall function of the theory Is to relate data 

In a polynomial such that the square of the difference be¬ 

tween the value of the dependent variable computed from 

the polynomial and the actual value of the data at that 

point Is a minimum. The square of the difference Is mini¬ 

mized, rather than minimizing the difference, to avoid 

cancellation of differences which exist but which are of 

opposite sign. This latter would give an unwarranted 

appearance of accuracy. xA Is taken as the 1th data value 

(either azimuth or elevation), x^* the computed value of 

the dependent variable corresponding to evaluating the 

polynomial at tj, the 1th value of the Independent variable 

(time) In the function to be developed. Since the function 

Is a polynomial of order n, 

xl* * Ao + AiH + ••• + Antin 

B-l 
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(B-l) 

Th« deviation, ílt 1« 

‘i ■ X1 - *1 

¿ Vi1' (B-2) 

If thert art N data point«, and tha error for each of 

thaaa pointa ia computed, squared, the resulting aun, K, 

results from 

N N n . 
B- I «a2- I - (A ♦ Aataí)]2 (B-3) 

i-1 1 i-1 1 i-i J 1 

The problem is to determine 10 and the Ij's so that B is 

minimized i that is, 10 and the lj9s must be ohosen so as 

to male the sum of the squares of the deviations B as 

small as possible. This la done tor the usual method of 

calculus for minimizing functionst le, that of equating 

the first partial derivative to zero. The derivatives are 

taken with respect to the variables to be determined, the 

1*8, 

(A, ♦ I *,»,*)] (-1) - 0 (B-4) 
>1 J 1 

The nth equation is 

B-2 
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iÂn 1-1 j-i 
0 (E-6) 

Ebr collecting terns on the unknown coefficients the re¬ 

sulting equations are 

(B-7) 

The last equation Is 

N N n .. N 
I t A.t.J41* - t x,t,n (B-9) 

1-1 >1 J 1 1-1 1 1 
t Ajt*n + I 

1-1 1 1- 

where A's are coefficients of the tine polynomial 

N Is the nunher of data points 

n Is the order of the polynonlal 

x's and t's are known data to be fitted 

The result Is n + 1 linear equations, called normal 

equations, In n + 1 unknowns, and therefore a unique 

solution for the unknowns exists and may be obtained by 

orldlnary rules for solution of simultaneous equations. 

A rule has been developed which greatly facilitates 

the formation of the nomal equations. It Iss 

HOLE: Porn N equations by substituting the N sets of data 

Into the desired polynomial with as yet undetermined co¬ 

efficients. Next, multiply each equation by the coefficient 

of A^ in that equation and add the resulting equations to 

get the ith nomal equation. Thus, the 2nd normal equation 

B-3 
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would result from the followings 

A0 + Ait¡ + A2ti 2 ... + Aj^11 = x\ 

Aq ’tAit2^A2t2^ + ... + Ant ^ 2 

Aq ^ Ai tjj + A jt jj 2 + ... ♦ Afjtj^ - Xjj (B-10) 

Then multiply each equation by the coefficient of A to get 

Aotj + Aitj 2 + Ajt^ + ...*► Antj114,1 * x^j 

A0t2 Ai t2 2 ♦ A2t 23 4 ... + Ajjt n ^ = x2t2 

Aq^N + Al^N2 + A2½3 + ^ Antjj11**’^ * xNtN (B-ll) 

The sum is 
N N N 

Aq I t. 4 Aj r t.24 A2 I t,3 4 ... 4 
1=1 1=1 1*1 1 

a i t n4l s E x t (B.12) 

1=1 1 1=1 1 1 

or more simply 

N n N 
£ A t 4 E t Ait. 
i-l 0 1 j-x i-i J 1 

3+1 
N 

,1. ’'l1! 1*1 
(B-13) 

This normal equation Is the same as eq (B-8) (Ref 2sl75). 

A simple error analysis Is performed ln RADYN by 

determining the RMS error of the fit as well as the maxi¬ 

mum error. The polynomial Is evaluated at each of the 

values of time used In the fit, and the value so obtained 

subtracted from the actual value of the angle at that time 

B-4 



GA/EE/64-6 

so that a difference or error In the fit at that point 

Is obtained. This Is repeated for al] of the values of 

time used In the fit, and the resulting differences are 

squared and added. Thlè sum Is divided by the total number 

of points and the square root extracted from the result¬ 

ing quotient to obtain the RMS error. The relative error 

at each point Is determined by dividing the error at that 

point by the correct value of the dependent variable. 
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Appendix C 

Equation Development 

The equations used In Chapter V were In general 

developed In that chapter; however, where the development 

was long, for the sake of continuity It was delayed until 

this appendix. As Indicated In Chapter V, In order to 

develop the time-position relationship of a satellite In 

an elliptical orbit, It Is easiest to first determine the 

eccentric anomaly (E) at any time, and from this determine 

the true anomaly. Therefore, In this appendix a method 

for, first, determining the eccentric anomaly as a func¬ 

tion of time (Kepler's equation), and then determining the 

corresponding true anomaly will be developed. Since It 

Is assumed that the orbit parameters are known, once the 

true anomaly Is determined, the position for that value 

of time Is determined. 

If a circle of radius a Is circumscribed about the 

orbital ellipse and P Is the satellite position on the 

ellipse, Q will be the point where the perpendicular to 

the major axis through P cuts the auxiliary circle as 

Indicated In fig 9. The angle PPA Is the true anomaly (f). 

The angle QCA Is the eccentric anomaly (E). 

Kepler's second law states that the time rate of 

change of area swept out by the radius vector Is a 

constant. Therefore, one may write 

C-l 
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»ab (C-l) 

wherê AA Is the constant rate of area swept out 

»ab is the area of the ellipse 

P Is the period of the ellipse. 

The equation of the ellipse is 

If coordinates (ÎÏÏ, PI) are substituted into eq 

C-2. the result is 
• w 

(C-2) 

Proa fig 9 
& ■ a oos B 

Substituting into eq C-3 yields 

»; 1 ♦ p2. i 

M2 ■ b2(l - oos2B) 

* b2 sin2 1 

PI * b sin B 

Proa the figure and eq C-7 it fellows that 

Area PPA - Arek PBA • Area PBP 

Area PRP ■ i(®F) (PI) 
■ ÿ (ae - a oos B) b sin B 

-ife (e - oos sin B 

(C-3) 

(C-4) 

(C-5) 

(C-6) 

(C-7) 

(C-8) 

(C-9) 

The equation of the auxiliary olrole is 

0-2 



GA/EE/64-6 

or 

X2 ♦ y2 = a 2 

y = Sëfl - x2 

» a A7? 
The equation of the ellipse (eq 0-2) can be «ritten 

y » b A-fr 

Area PRA * / ydx 

s / b JL - dx 

But 

But 

(C-10) 

(C-ll) 

Area QRA a J ydx 

- / a A- £ dx 

Area PHA * È Area QRA 
a 

(C-12) 

(C-13) 

lC-14) 

Area QRA * Area QCA - Area QCR 

*èm%-Ja2 oos E sin E (C-15) 

Area HU - £ [ai (B . cos , sln jjj 

= T ' 008 E 8ln S) (C-16) 

Area PPA - ^ (B - oos E sin E)- 

âÈ (e sin E - oos B sin B) 

» âÊ (E - e sin E) 

If tine of perigee passage Is t, then time since 

passage Is 

A t = t - T 

(c-i?) 

perigee 

C-3 

(C-18) 



Combining the above yields 

~te S^n * ^ab (C-20) 

1 - 1 ■ 5*T(B - e sin E) (30) 

(Hef 4:2.4-2) 

This Is known as Kepler’s equation. It cannot he solved 

expllclty for E. An Iterative solution is performed, using 

the equation In the form 

!■ (t-T)|l+e sin E (3I) 

This equation oon/erges rapidly to a solution for E. The 

next requirement is to relate the eooentrlo and true 

anomalies In order to establish the satellite position at 

any time. 

From fig 9 it is clear that 

r2 « HF4 ?ff2 

r2» (SF - (55)2 + f52 

From the properties of an ellipse one obtains 

* ae 

b - a /Ï - e2 

Therefore 

■ (ae - a 00s E)2 ♦ b2 sin2 E 

(C-21) 

(0-22) 

(C-23) 

(C-24) 

C-4 
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sa2e2-2a2e cos E + a 2 cos 2 E + 

a 2 sin 2 E - a sin % 

r2 = a2(sin% + 008¾) - 2a 2 e cos E ♦ 

a 2e2(l - sin %) 

= a2 - 23¾ cos E + a2e2 003¾ 

= a 2(1 - e cos E)2 

r * a(l - e cos E) 

Prom the polar equation of an ellipse one obtains 

atl - e2) 

(C-25) 

(C-26) 

1 + e cos f 
(C-27) 

Equating the two values of r, yields 

1 - e cos E « 1 " e2 

e cos f 

1 + e cos f 

. 1 - e2 
1 - e cos B 

(C-28) 

- 1 

— e2 ■ 1 e cos E 
1 - e cos E 

cos f * -Cos B - e 
ï - e cos E 

Prom an identity of trignometry it follows that 

sin 2f = 1 - cos 2f 

= 1 .( cos E ■ e 
1 - e cos E 

(C-29) 

_ 1 - 2e cos E -f c2 cos 2E « cos 2E + 2e cos E 
(l - e cos Ê) 2 

- e 

= 3- - c2 - cos2E (1 - e2) 
(1 - e cos E)? 

C-5 



Prom an identity of trigonometry it follows that 

= 1 - e cos E - cos E j^e 

- e2sin E 

« LLi-. eJ - U ^ e) cos E 

- e2 sin E 

= tl t g) (1 - cos E) 

- e 2 sin E 

(Ref 4:2.4-2) 

The position of the satellite is now determined for all 

time. 

The equations necessary to determine the orbit 

parameters from geocentric position vectors are also used 

in Chapter V. Those which were not developed there are 

presented here with their development. The first such 

equation to be considered is the equation of the semllatus 

rectum. It can be determined by selecting three position 

vectors xlt i « 1, 2, 3 where the subscripts indicate 

the vector sequence in time. The magnitude of the ith 

vector is 

C—6 
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1 * I + e cos (6^ - u) (C-35) 

p = the orbital semllatus rectum 

61 -^= the true anomaly fA 

ôj = the angle between the line of nodes 

and xi 

“ s* the argument of perigee. 

This Is the equation of an ellipse In polar form. 

The purpose of the first manipulations Is to develop 

relationships which are Independent of the argument of 

perigee, as yet unknown. This Is done through forming re¬ 

lations which depend on the differences of the anomalies 

of the position vectors which is obtainable. 

(63 - u) ) = (03 - ej ) + (0j . u) (C-36) 

cos (e3 - u») rs cos (e3 -01)+(01 - u) 

= cos (03 - 0i) cos (0i - w) 

- sin (03 - 0i) sin (0i - w) (C-37) 

with 1 = 3» eq C-35 is written, after rearranging, 

-E- = 1 + e cos (0 3 - u ) 

= 1 + e [cos (03 - 0i ) cos (0i - u») - 

sin (03 - 0i ) sin (0) - u> )] 

= 1 + iLZ xi cos (0, -0,) - 
X, 

e sin (03 - 0j ) sin (0J - u) 

Rearranging, one obtains 

(C-38) 
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t sin («i - w) 
1 - «f Lr xl cos (0, - e, ) 

x2 Xl 
sin (e3 -dj) 

»3»t - pxi ♦ (px3 - x3Xl) cos (03 - dj) 

XjXjSin (e3 - e,) 

x3(p - x3) oos (e3 - -X! (p - x3) 

XjXjSln (03 - 0j) (C-39) 

Slallarly, It Is possible to replace subscript 3 by 2 

to obtain 

e sin (0i - a) 

x2(p - Xj) cos (02 - 0,) - Xi (p - x2) 
M ■■ ■■ 

x,x2 sin (02 - 01 ) 

Squating the right hand sides of eqs C-39 and C-40 

(C-40) 

yields 

x3(p - Xi) coa (03 - 0,) - x^p - x3) 

xix3 sin (03 -0i) 

» 2^P " XI ) 00« (e 2 - ei) - X|(p - x2) 
X,X2 sin (02 - 0,) (C-41) 

px3 008 (03 - 0,) - px, - XlX3 OQg (0} - 0,) -K XiX,) 

X) sin (01 - 0i) 

px 2 008 (9 2 - Q 1 ) - pXi - XiX 2 008 (0 2 " 91 ) ^ 2 

x2*8ln (0 2 - 0,) 

p Ù0B (eS » >l) - Xl X 2 008 (0 2 - 0i) - Xl 

x3 sin (03 - 0i) X2 aln (02- 0,) ^ 

. eoa (d3 “ t\) m *1*3 _ XiX2 cos (0 2 - 0,) - x,xa 

Xj «ln (0J - •,) x2 sin (0 2 - 0,) 

(C-42) 

C-6 
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The numerator of the left hand side becomes 

p[x3X2 sin (0 2 - 9i ) cos (e3 - 0J ) - xix2 sin (e 2 - 0i )- 

X2X3 sin (03 - 0j ) cos (0 2 - ®i ) *»* x3x3 sin (03 -03 )J 

* p x3X2 [sin (« 2 - ®i ) cos (03 - Oj ) - 

sir (03 - 0j) cos (0 2 - 0i )]- 

P xi x2 sin (0 2 - 01 ) + p xi x3 sin (0 3 - 0 ! ) 

- P x,x2 sin [(0 2 " 01 ) - [®3 - e, )) - 

P Xix2 sin (e 2 Î + P x3 sin (03 -0^ 

= p [XjXj sin (0 2 - 0 3 ) - Xj Xj sin (0 2 - Oj ) + 

XlX3 Sin (0 3 - ©! )J (¢.43) 

The numerator of the right hand side of eq C-42 becomes 

x1 X2X3 [cos (03 -0,) sin (0 2 - 0, ) - sin (0 2 - e, ) - 

cos (0 2 - 0J ) sin (03 - 0, ) + Sin (03 - 0, )] 

- X, x2x3 [sin (0 j - 03 ) - sin (02 -0,) + sin (e3 - e, )J 

(C-44) 

Recombining the two sides and solving for p yields 

sin (02- 0 ) - sin (0 2-0! ) + sin (0,-9, ) 
P s X, x2x3 [---i--LJ_I 

x3x2sln(0 2-0 3 ) - X, x2sln(0 j-0, ) x, x3slníOj-e, j 

= y y y ' 8ln (9 ^ + s*n (0|-9 2) + sin (»3-6, ) 
1 2 3 x¡x2sln(9 2-q3 ) + X,Xjsln(0, -0 2) + x/xjSinie^-e j )] 

(38) 

(Ref 4:1.8-3) 

The eccentricity is the next parameter to be considered. 

C-9 



(C-45) 

If this equation Is squared and the result added to the 

square of C-39, there Is obtained 

eJ eos2 (»i - ») + sin2 (•, - „) ,„2 (c_46) 

e2 . .<P Y‘-- -t Mp - xi> e°s <S - - X, (p - X,) 2 

The eccentricity e Is now determine^ 

Prom eq C-35 for f « o one obtains 

P 
e 

where x* is the perigee distance. 

From the construction of an ellipse In fig 9 one 

a » ae ♦ i* 

From eq C-49 it is evident that 

a « ae + P 

(C-47) 

obtal 

(C-48) 

(41) 

The final relations considered In this appendix are 

those which develop the constants of the unit vector In 

the perigee direction which appear In eq 4? 

IP = A i, +8x3 (47) 

here ¿p B unit vector In the direction of perigee 

A and B are the desired coefficients. 

C—10 



) 

(C-50) 

By use of fig C-l, the perigee unit vector can also be 

related to any position vector through the expression 

cos (0 - w) - i0 sin (e - w) (C-51) 

where is the unit vector in the radial direction 

ig is the unit vector in the transverse 

direction. 

Therefore 

ip . & = Xj cos (Qj - ui ) (C-52) 

But eq C-35 may be written 

Therefore 

Similarly 

(C-53) 

(C-54) 

(C-55) 

From above one obtains 

(C-56) 

(C-57) 

C-ll 



Pig C-l Perigee Unit Vector 

C-12 



Solution of these two linear equations fields 

exj sin2 (e3 - «j ) lXl 
[(*- - 1) - (Ä- . i) 008 

ex3 sin2 ^ . e -1)-(^— 1) oos 
3 - ® i J *3 Xj 

(Ref 4:8.1-4) 
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BLANK PAGE 



GA/Ei/«4-é 

APPENCIX 0 

KACVN 

this appendix lists the ppcgaam aaoyn along hith the 

SUBPXOCRANS DEVELOPED POX IT« THESE PKOGKAPS MENE PREPARED 

•V THE AUTHOR AS A PART OP THE THESIS* 

RAOYN CONSISTS OP THE NAIN PROCRAN ANO PIVE SUBPRO¬ 

GRANS« THE NAIN PROGRAN DEVELOPS THE SO-CALLED ERRCR iNBE 

DATA. THAT IS. IT OCTCRNINES VALUES CP A1INUTH ANO ELEVATION 

ANGLES AND SLANT RANGE MITH TINE PRON INPUT CRBITRL PARAPB- 

TERS« IN ADDITION* IT SERVES AS THE LOCATICN PCX CONTROL¬ 

LING THE ENTIRE PROGLEN SOLUTION« TO 00 THIS* IT CALLS ll-B 

NECESSARY SUBPROGRANS, SUBSEQUENTLY COLLATING THEIR OOTPl? 

OäTA WITH THE REST OP THE CONPL'TAfIONAL RESULTS AS REQUmo 

DURING THE SOLUTION DEVELOPPENT• 

ANAL IS THE PIRST SUAPROCRAN« IT PERPORP» AN ERROR 

ANALYSIS OP THE CURVE PIT ROUTINE POR POLVNONIALS CP ORDER 

ONE TO TMENTY-POUR* THE RESULTS CONSIST OP THE ROOT MEAN 

SOUARP ANO NAXINUN VALUES OP THE ABSOLUTE OIPPERENCE AND -THE 

RELATIVE OIPPERENCE. 

PIT IS The SECOND SORPROGRAN. IT IS USED TO PIRP0RH <The 

PIT TO TNI SCLICTEO ORDER P0LYN0NIA4« AS INOICATEO IN THE 

CONNENT CAROS* THE OPTION IS AVAHARLE TO PRINT OUT ONLY 

THE COEPPICIiNTS OP THE POLVNONIAL, OR TO PRINT THE ENTIRE 

SUBPR06RAH OUTPUT. HNICH CONSISTS OP AN EVALUATION OP THE 

PCLYNONUL POR EACH VALUE OP THE INDEPENDENT VARIRILE ANC 

A BRIIP IRROR ANALYSIS. IN ADDITION* THE OPTION IS AVAIL- 

0-1 
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»Bie IN THIS SUINNOCNNN TO HOT THÍ POITNONIU INPUT D4T* 

4NC EVALUATION VERSUS TINE PC» BOTH THE AZINUTH ANC 

ELEVATION POLYNOMIALS« 

TMf NEXT SUBPROGRAM IS OREII« IT COMMUTES OREIT 

»ARAÑETEOS FROH SETS Of TOPOCINTRIC AZINUTH, ELEVATION ANC 

«ANGE CATA FURNISHED IT. THE FIRST CALL FOR THIS SLBPRCGRAN 

IS TO CONFUTE THE PARANETERS FRCN THE EVALUATION OF TUB TINE 

»OIVNONIALI. IT CONFUTES SIR SETS NHICH ARE THEN AVERAGBC 

■T RAOVN AND CONFAREO NITH THE INPUT SET. THE SECOND CALL IS 

TO FERFORN THE SANE FUNCTION FRON DATA OF THE TRANSFER FUNC¬ 

TION EVALUATION. HERE THE C0NP4AIS0N IS NITH THE PARANETERS 

•ASEO UPON THE POLYNOMIAL DATA. 

THE NEXT SUBPROGRAM« ERROR« DETERMINES THE ROCT MIAN 

SQUARE DIFFERENCE IN POSITION FOR A SINGLE ORBIT BETHEEN 

ANY INC SETS OF ORBITAL PARANETERS FURNISHED IT. (THIS IS 

PERFORNEO NITH TINE BEING THE BASIS FOR CONFARING CIFMRENI 

POSITION VECTORS HE. THE OIFPERENCE IN POSITION AT A GIVEN 

TIME IS COMPUTEO)« 

tME FINAL SUBPROGRAM« OVNAM« EVALUATES THE SYSTEM 

TRANSPER FUNCTION NITH TINE. IT IS NRITTEN TC SINUATE A 

SECOND ORDER SVSTEN RESPONDING TO A FOURTH ORDER INPUT. 

THERE ARE FOUR INPUT STATENENTS TO THIS PROGRAF. THE 

FIRST CONSISTS OF SIR FIXED POINT VARIABLES USED TC CONTROL 

THE OPTIONS AVAILABLE ON THE OUTPUT. THEIR USE IS EXPLAINED 

IN CONNENT CAROS IN THE PROGRAN ITSELF. THF SECOND ABAC 

STATENINT OBTAINS THE TRACKING SYSTEP CONSTANTS. THE SIRS! 

VARIABLE READ IS TRICE THE SYSTEP NATURAL FREQUENCY TINES 

O-Z 



o
 o

 o
 

GA/Éf/14-6 

THt 0«l>l>INC RâT 1C. THE SECOND IS THE NATURAL FAEOUENC» 

SQUARED. THE FINAL TNO READ STATEFENTS ARE THE TRACRING STA 

HON COORDINATES AND INPUT ORQIT PARAMETERS. All «Ades ARE 

READ IN IN DEGREES. DISTANCES IN PILES. 

C RACY* 

H • 3.1419926536 
RI8Y2 • PI/2. 
81*2 • 2.«PI 
RACOEG ■ 10O.O/PI 
MC«PIX2/06164.1 
RE1*HE«RA0CE6 
CIRENS ION N2I50) 

æis: 

-3..0,3.3,. 

cÍpeNsÍoE ¡in«.'l?£!;.‘«3<”.OM,J30'.*mO<330) 

úuf!!ííERNIG4^:¿c‘^2::i«¿;?í:r£“''oioNc3'6,<c,',ct 

E!!!f*3.0N ,.CAI(é2C, .CELIAZO, .NADO 6 ?i 

copncn,duppy!oatÀ:co,*20,,TC<200,,TD<2C01 

imERÏ.ÎpMRP ’ 
COPNCN 0ILTAT#TPID1,I(8,K!C,RCR 
COMCN TtOEl,OAI,RARNG 

copücNTiiTn5';EEc:!i;0?i:,,*"G'.*INCl.stM* 
C0pÑcnTÍaÍ£r*7CEI’,,<D,C*1'C*2,CÍ3 
COPMCN K24tTA#T0.TC,TC 

,^r,;?;l";;f8E“g:;B*c<)-.«o^N2..DARGP..cLCN,. 

;Aío¡SB0TlHFOR ERR0R ANAL>SIS CH>* O 8C« FIT cnlyv 

IJA* IS O TC CBTálN POIYNCPIAI COEFFICIENTS fîM v*. 
3 TO CET COMPLETE CURVE EIT OUTPUT * 

ARO 

ANC 

D- 3 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Fl I 
SfCCNfi 

c 
c 
c 

111 îf 0î0f! Of POIYNQUU USED IK ACTUl 
ÏÎÎ ,S T0 EVALUATE PCINTS AI ABOUT !.3 
INTERVALS AND PICT* OTKEAbISE C* 
KA5 RUST BE SELECTEO TO PATCH THE ORCEA CF THE 
POIYNOPIAL USED IN THE PICT BY THE FCLIONING 

USE 4 TO HTH CRCER INCLUSIVE ONLY ) 
K A3 KAS 

301 

TABLE (CAN 
POLY 

ORDER 
13 13 15 
12 12 14 
11 U 13 
10 1C 12 
9 9 11 
8 8 10 
2 7 9 
6 6 8 
5 3 7 
6 4 6 

BOUtInE ANO^pl^NCT’TO^PlC1 • 

"ÍS.mn0rE 
»¡ííoílllíüIÍÍ«íüE.!í00UCT 0E IMt »"«CKE* NATURAL 
FREQUENCY TIMES THE DAPPING RATIO. CA2 IS THE Náiiioai 
FREQUENCY SQUARED 1 
READ INPUT TAPE 2,330,CA1#CA2 
FORMAT(2E1S.O) 
READ INPUT TAPE 2*15*0LATt CLCNl, DLCN2* DAR6P, OINCL, 

0 TO PLOT IN OVNAM 

16 

17 

$EPAX,BGNTtBGNE,ECC 

330 
70 

10LCN4 
13 FORMAT (6F10.3) 

READ INPUT TAPE 2*16* 
FORMAT(3P1C.4*F10«S) 
CLCN3«CLON2tOARGP 

ïSiIÎ^VTPtl UPi 3• 17tOLCNl*DLAT 
F0RNATClMl/lN0,14K*l0HCA/EE/64-6/lMB*/lHAt 

1141*36HTRACKING STATION COORDINATES. 

jÍní'n,¿At}U' 016 * l-0»li/IN0,AIX,1N...‘.'.‘.fS.».3». at 

KÏ!j*ÂiM:îïci,îîî:î^;r,,u4C7‘î,E,t*j 
P • P1X2 «FCTRl 
AN • l./FCTRl 
IFIDLCN3-340.)27.26,26 
CLCN3*CLON3*36C. 
TPERI-BGNT 

IClItPERI^11 TAPE 3,24,CCC,S€MX*0l0N2*0ARG7»»CUON3#CIN 

ZA RMNATCINÍIAXIAHCMIT RARANETERS/ 1H0I6R12HECCENIRIC1TY 
.^F9,7*/1H016X12HSEPINAJ0R AX 

ST2t(F*îr»H <’3,UHN*1 ï®*JIN0»,/1h .UR.13NARCLNENT Cf P 
«ÍHUcÉ Of'ÎmÎmÎ.RÍ.3.4H OEC/1HO,U>,»HIONCIT 
629HUCE OF PERIGEE.F9.3.4H OEG.MHO.IW. 

26 

27 

0-4 
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735MMCLINATICN3,4m DfC / 
8lH0.16K,35hriHE CF PEAICIE PASSAGE..111..1.!. 
9F8.Í.4H SEC) . 

ÏR,TC CUTPtT TAP* 3*23CtP»OtCN4»hE1 
230 forwatuho.íax.sòhorbitai PERICO... 

SCC*/lH0*lA1,*25HLCNGITlJCE OF VERNAL Éc¿ÍÑ 
ÍHÜ0ÍaÍI T*0##**P9-3*9H CEGf/IHOtlAX» 14HEARTF ROTAIICN 

3îa,î«Sï.. 

E*ÍGNE 
N-l 
NN*0 
J5-0 
J4*0 
J3*0 
J2*0 
JI — l 

IOS I1»0 
12*0 
13*0 
14*0 
15*0 
14*0 
J6*-l 

14 E1*E 
l*AN • TIN) ♦ IECC • SINFIEin 
J5*J5#1 
IFU5-10C00)204,203,203 

203 WRITE CUTPUT TAPE 3,20S,(VE1 

FC*CE0 «"iE» ice», E am: El me , 12 c 2 O • 8 i 
GO TC 2 

204 IF UABSF (E - ED) - .CCC0C01Í 2,14,14 
2 J5*0 

E2 * E/2.0 
CCN • C0SFIE2) 
SNE * SINFIE2) 
UNF2 * FCTR2 • (SNE/CCM 
F2 * ATANF(TANF2 ) 
IF (CCN) 31,32,32 

31 F « (F2 ♦ PI»*2. 
GO TC 35 

32 IF ( SNE) 33,34,34 
33 F . (F2 ♦IPIX2))*2. 

GO TC 35 
34 F * F2*2. 
35 CCNTINLE 

EAROT « WE*T(N) 

Ui"F(ÊimMâ<,*n‘00',<£CC,'*2*c,,,/n,e «‘EEC • «CCS 
BI 3,1)« -3560.C 
IF I»F4B(3tl)-50.)64,64,63 

64 If !RF«ft(3,1))61,61,59 
59 WRITE CUTPLT TAPE 1,60 
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60 FORMAT ( 39H0SATEUI TE IS hlTHIh 30 MILIS CF EARTH.) 
GO TO 63 

61 tiRITE OUTFIT TAPE 3,62 
62 FORMAT (42H0SATELIITE CRB IT INTERSECTS EARTH SURFACE.) 

GO TC 70 
63 CONTINUE 

RtAT ■ DLAT/RAOOEG 
RLCN1 > CICN1/RAC0EG 
RLCN2 ■ CICN2/RACDEG 
RAR(,P » CARCF/RACOEG 
RINCl > DINCl/RACOEG 
RL0N3 • 0LCN3/RACDEG 
RLCN4«CLON4/RAOOEG 

19 1(1,1)-0. 
612,1)-0. 
Cl 1, !)■(-$ INF(RIAT) >MCC!FíRLCM) ) 
C( 1,2 )>(-S INFI RLAT) )MSINF(RLCM)) 
Cl 1,3 )*COSFIRLAT ) 
Cl 2,1)-S INF(RLCN1 ) 
CI2,2)—C0SFIRL0N1) 
0(2,3)-0. 
C(3,1)-(C0SF(RLAT))«(CCSF(RLCN1 ) ) 
C(3,2)-(COSF(RLAT))-(SINF(RICN1 ) ) 
C(3,3)«SINF(RLAT) 
ASCEN-EAR0T-RL0N4 

20 C(1,1)-CCSF(ASCEN) 
Cl1,2)-SINF(ASCEN) 
Cl 1,3)-0* 
CI2,D—SINFIASCIN) 
Cl 2,2)-COSFIASCEN) 
Cl 2,3)-0. 
Cl 3,1)-0. 
Cl 3,2)-0. 
CI3,3)-1. 
RINC2-RINCl/2.0 
SRIN2-SINF(RINC2) 
RIR22-SRIN2 •• 2. 

21 Gl1,1)-CCSF(R10NI) ^2.•ISINFIRLCN2) ï•!S INF(RAR&F))*R IN 
122 
611.2) —SINFIRL0N3) ♦ 2INF IRLCN2)•(COSF(RARGP))»RIN 

122 
Gll,3)-(SINF(RLON2))*SINF(RINCl) 
GI 2,1 ) ■( S INF(RL0N3))-(2••(CCSF(RLCN2))•IS INF IRARGP))«R 

1IN22) 
6(2,2)-(C0SF(RL0N3!)-(2••(CCSF(RICN2))«CCSF( AARtP)I-RI 

1N22 
Cl2,3)-(-CCSF(RlCN2))*(S!NF|RINCI) ) 
Gl3,1)-(SINF(RARGF) )•I S INF IRINCL)) 
613.2) -tCOSFIRARGP))•!SINF(RINCL)) 
6(3,3)-CCSF(RINCL) 
HIl,I ) -RF-COSFIF ) 
HI 2,1)»RF*SINF IF ) 
HI 3,1)-0. 

C N - GH, X » ON, Y « CX, A ■ B ♦ Y 
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CO 3 I ■ 1.3 
h( 1.1)-0. 
CO 3 L - 1.3 

3 tltl.l)«MU.l) ♦ GII .L)»Hll.l) 
CO 5 I * 1.3 
t(1.1)-0. 
CO 5 L - 1*3 

5 X( i.n-xu.i) ♦ cii*ii«mi.i) 
CO 7 I - 1.3 
V( 1.1)-0. 
CO 7 l - 1.3 

7 Y( l.l)-Y(I.l) ♦ CU.lMXU.l) 
CO 9 1 - 1.3 

9 A( I.l.M-B(l.l) ♦ 7(1*11 AAANG(M-SCRIFI((A11.1.M)««2)M(A«2.1.N))»*2)^I 1M3 

l.l.N) ) ••? ) ) 
ÍAZl-AÍAKFÍ(A(2.l.H))/(A(l.l.N) ) 1 
IF (A(l.l.N)) 36.37.37 

36 AA2 -RAZ1 * PI 
GO TC AO 

37 IF (A12.1.N)) 38,39,39 
36 *A2 -Mil ♦ PI*2 

GO TC AO 
39 Ml -MU 
AO CONTINUE 

REL • ATAMFtCSINMRAI))«(A13,l.N>)/(A(2.1.N) )> 
66 CA2(N)«RAI«RADDEG 

CEL(N ) -REl»RADOEG 
28 IF (T(fc) -P) 210.210.213 

213 IF (jA)21A,30.2IA 
30 IF(REL1260.192,123 

21A IF(REL)172,192,123 
123 J A* l 
210 CONTINUE 
207 IFIJ3)135,135,200 
135 IF (16)IA7,13A,105 
13A IF (15)1AA,133,105 
133 IFIIA)1AI,132.157 
132 IFf131126,131,155 
131 IF112)125,13C, 153 
130 IF( 11) 122,120,151 
120 (FIDEL(N))136,19A.137 
136 Jl*0 

J2* l 
121 T(N*l )-T(N)»25C. 

N«N»1 
I1--1 
GO TO 1A 

122 IFIOELIN) )121,1A9.12A 
12A T(N)»I(N-1)^10C. 

12 — 1 
GO TC 1A 

125 IF(OEUN) )126, IAS,127 
126 T{N+1 )*T(N)*10C. 
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GO TC 14 
127 fm«T(N~l>MO. 

1 3*-l 
CO TC 14 

128 !F(DEl(N))l29»149»140 
129 Uh»l )-T(N»MO. 

N-4#l 
GO TC 14 

14C m)*T(N-l)«l. 
14 — 1 
GO TC 14 

141 IF(0IL(N))l42»149tl43 
142 T(^«1)«T(NU1. 

MNM 
171 IF (J2 ) 14»166»14 
143 T(M-TIN-1U.1 

15 — 1 
CO TC 14 

144 IF(0EL(N))145«149»146 
145 T(N^l)«T(N)«.l 

4-N41 
CO TC 171 

146 Tm»T(N-lU.01 
16—1 
GO TC 14 

147 IF(OEUN))148.149,149 
148 T(fc*l)-T(N)4.01 

K«N«1 
GO TC 171 

149 T(NM)«HN)*#01 
N«K4l 

195 IF(J2)ITC»ITC,164 
17C GO TC 105 
169 4N*NNM 

tpcs(nn)»t(n-ií 
CEl»CS(NN)-CEUN-l) 
CA2P0SINN )«Oâf(M^l) 
PARPCS(NN)«RARNG(N-n 
GO TC 105 

137 IF (Jims,139,139 
138 J1*0 

J2 —1 
GO TC 15C 

139 J2*0 
15C T ( A!*l )*TIN I + 10« 

N*K»1 
11*1 

165 IF(J2I14, 166,14 
166 M*NM1 

TPCS(NN)*T(N-1I 
CElPGS(NN)-OEKN-l) 
CA2PCS(NN|-CAZ(N-1) 
*ARPGS(NN)«RAR*G(N>1) 
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CO TC 14 
151 mCELIN) )152,172.150 
152 tm«TCN-l)M. 

12*1 
167 GO TC U 
153 IF(0EUN))154,172.142 
154 T(M*T(N*l)«.l 

13*1 
GO TC 14 

155 IF(DEL(N))156.172.145 
156 T(N)*TiN-l)4.0l 

14*1 
GO TC 14 

157 IF(OEL(N))172.172.148 
172 IF(J2)105.192.105 
192 THlD*UP0S(i)^TPCSINN))/2. 

M*N 
N*N* 1 
T(M*TP1C 
J3*l 
GO TC 14 

194 T(NM )*T(N)*.01 
N*K*1 
GO TC 14 

20C J3*0 
tafUTE CUTPLT TAPE 3,201 .TP IC.OEUN) .CAZ(ft) .ftARNG(N ) 

201 F0RMAT(1HB.34X.2CHMIOPA SS PARAPETERS./1H0.29X.4HTIRE 
13H * E15.8.8H SECCNDS,/1FC.24X, 12HELEVATICN * .E15.fi. 
28H DEGREES,/IHO,26X.10FA2IPLTH ■ ,E15.e,8H DEGREES/ 
31H0,28X,8HRANGE * E15.8.6F PILES) 

K6*NN 
263 K13*K6-1 

CO 249 Kli*i,X13 
IF(ABSF(CAZPCSCKlltl)-CAZPCS(KID )-179.)249,2 50,250 

250 IF (DAIPOS(KlDl)-OAZPGStK 11 ))25 1,249,252 
251 CO 253 K14*1,KU 
253 CAZPCS(Kl4)*CAZPCS(K14)-360. 

GO TC 254 
252 K15*K1!♦ I 

CO 255 K14«K15,K6 
255 CAZPCS(K14)«CAZPCS(K14)-36C. 

GO TC 254 
249 CONTINLE 
254 CCMINIE 
184 11*0 

CO 185 L2* 1 ,K6 
IF(ll ) 186,187,186 

187 hRITF CUTPLT TAPE 3,188 
188 FORMAT(1H1/1HO 14X10MGA/EE/64-6/1H836X14HERRCR FREE C 

13HÍTA / 1H014X3HNC.,2X,4FTIPE,7X9HELEVATICN,87(,7HAZ1P01H 
27X,11HRACAR RANGE ,/1H ) 

186 kRITF CUTPLT TAPE 3,185 ,12,TPOS(L2).CEIPCS(L2 ),0A ZPCST 
IL2 ),RARPCS(L2) 

185 FOFHArUH ,l3XtI3,F9.2,3E16.7) 
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U-UM 
IF(t1^40)l«5tI97flf7 

197 Ll*U-48 
165 C0AT1NIE 

IF (J4)262f262|26C 
262 KN»0 

^*^♦l 
T(K)«T(Nn«.01 
GO TC 105 

26C CO 2fcl Kli*l,K13 
IF I0EIP0SCIC11*1|-0EIP0$<K11 1)256,261,261 

261 CCKTINIE 
256 AZ1-CA2PCS(KU-1) 

AZ2-CA2PCSIK11) 
«n>0AZP0siKiun 
CIF1«ABSF(AZ1-AZ2) 
CIF2-ABSF«AZ2-AZ3) 
IF(OIF1-CIF2)202,202,261 

201 K1WK11-1 
262 CCATINtE 

K16«Kll 
K7*l 
A28«l 
K2C«K 11 
Azm*c 
MY«i 

275 IFIABSFI (0A2POS(K20)-OAZPCSHK20-in/ 
11TP0S(K2C)-TP0S(A20-i)))-2.>277,276,276 

276 K2fNV)*K20 
NY»NY^1 
K2C«K20-1 
GO TC 275 

277 P23-1 
KA6-G 
CO 257 K6*l,2 
!F(K2O>99)204,284,205 

264 *24*1 
GO TC 286 

265 A2C»K2C 
K26-A2C/2.4.5 
IFIK26-99)297,297,290 

297 K24»2 
GO TC 206 

296 K24*3 
266 K27*K7«K20-1 

CELTAT*(TPOS(K27)-TPOS(K7)) 
TPI01-TPCSU7) 
F-C 
CO 256 II*1,K20,K24 
I* !♦ 1 
TNCRMl(K7)a(TPGSIK7l-TUICl)/CEITAT 
CATAI 1,1)»TNCRPl|K7 I 
CATAIIt2)-CAZP0S(K7) 
CATAII,3)-CEtP0SIK7) 

0-IC 
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258 

302 

303 

304 

305 
312 

313 

314 

32tí 
329 

K7«K7#824 
K30-K20/K24 
IFIKâl)3021303« 304 
CALL AMI 
CO TC 305 
CALL FIT 
60 TC 305 
CALL ANAL 
CALL FIT 
IF(K8~1)312»312»2S7 
F2*K280*K24 
F4«K27-7«K24 
CO 314 M3«IVE 
ARANT(1fN3)aAARPCS( N2) 
TTTU,F3)-TPCS<M2) 
F2«M2«2*K24 
IF (M3«3 )313t3|3y HA 
TTT(2.F3)*TFCSIN4) 
RRANT(2tN3)«RAAFCSIM4) 
N4«M4*2M24 
CONTINLE 
CO 328 KP>1V3 
RP«KP 

TINIlaKP)>(TTT(lfKP)-TPIC!)/CELTAT 
TlN(l9KP«3)a(TTT(1VKP«3I^TNIOlI/OELTAT 
TINt2(KP)a(TTT(2»KP)«TPICl1/OELTAT 
CALL OYNAM 
K20«K1U1 
IFIABSFI(0A2POS(K20«I)-0AlPCS(R20))/ 

„aliîîOSCK20tU"TPOSC,l20,n-2*^8C,279,279 
279 N2(NY)aK20 

NVaNYtl 
K20-K2CM 
60 TC 278 
N7aK20 
K28*K7 
NYaNY-1 
NZl»N2m 
NINaNIINY) 
MITE CUTPIT TAPI 3>298vINI1NX)fNXa||Ny) 
FORMAT!1HA14X26HP0INTS CPNItEO BY FIT ARE .15131 
IF (1(24-2)294.287.299 
IFÍK23I295.295.291 
NRITE CUTPOT TAPI 3,289 
FORMATC43HA ONLY EVEN-NUPfiEREO POINTS FITTED 

138h TC REOLCE THU* NUMBER TC 99 OR LESS.) 
60 TC 294 

291 WRITE OUTPUT TAPE 3.288 
288 FORMAT!42HA ONLY OOO-NLMBEREO 

138h TC REDUCE THEIR NUMBER TC 
CO TC 294 

299 WRITE CUTPUT TAPE 3.30C.F7 
300 FCRMATI36HACNLY EVERY 3RC PCINT (STARTING NITH.U, 

151HJ HTTEC IN ORDER TC REDUCE THE NUMBER TO 99 CR 

278 

28C 

292 

296 

287 
295 
289 

IN CRCER 

POINTS FITTED 
99 CR LESS.) 

IN ORDER 

LES 
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I2HS.) 
2U K23«XMC0F(K?t2) 

IF(K0*11307» 307»297 
307 K20«K6«|-K20 

Kâé«l 
237 CCMTINCE 
2«3 CO 293 NX-l.NY 
293 N2INX1*0 

f*2>K2««3«K24 
•438 F4«K27-12«K24 

CO 318 H3M,6 
IFIW3-31317#317*318 

318 7TTI2#A3)>l80StN2) 
88ANT(2tP3)«RARPCS(M2) 
P2»M2«2*K24 

317 7T7I3#P3)-TP0$IN4) 
ORANT 131N3)«RARRCSIN41 

318 M4«N4^2*K24 
00 331KR«4#8 
RP«KP 

331 
332 

T|M(29KR)«(îfî|2*M)-TRICl)/0CLTAI 
TlM(3#NP-3)«(TTT(3#RR-3)-|fil011/OCiTAÎ 
ÎIR(3tRP)«(TTT(3#KP)-TPIC1I/CEITAT 
CALL OVNAN 
00 308 N0R«1#8 
NOR «NCR 
CO 322 LL«1#3 
A2ILL)«AAZ(LL#N0RI 
ELILL)«EELILL»NOR) 
TTILL)«TTT|LL#NOR) 

322 RANTILU«RRANT(LL*NOR) 
308 CALL ORBIT 

WRITE OUTPUT TAPE 3#333 
-?^A^^M^^B^^M*^^M®^^0#44Xtl8H0RBlT PARAMETRAS 

1/1HA#13X40N0ETERPINE0 87 CIPFERENT SETS OP TPREE VE 
î??ïeT°*S ®Éfc0F CCNSI0ER1NC RADAR OVNAPICS/lPOtJOX 

œ ï:VÆ i;“-*“" 

«3 rORNâTIlHâ.U.llHKCINiaiCKY.ni.T, 
SSFU.T,/lN«,«X,14HSiM|MJCR «XIStni.4.SF12.4./lH 
44X7H(NtLES)/lH0tX15HRtCH1 RSCINSIONf14.3(5FI2.1i/lH 

I3M2.3/1H UlJHFHtCii ICICII 

324 FOXNXÎI1H0tlXt12HL0M6IÎUOC 0F,FtT.3,5F12.3./lM 

24F12.3t/INâf|XtSHTIIK OF FMI0iE,F14.4,SF12.4 
ÍÍJÍ !XÎ2Ï!*ÎÎMI «SKWIM.MI2MFIXIÍ0 ISKÎ “1»»4#5F12»4# 

AECCON-O 
AAC0PP«0 
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323 

3010N2-0 
AOARCP*0 
60L0N3-0 
aoincl»o 
ITPERI*o 
APCORP*0 
CO 325 1.1,6 
AECCCM*AECCOP*ECCONPfI )/«. 
AACORP.âACCMP^ACCRP(I1/6. 
A0L0N2«A0LCN2^0tCNC2(Il/é* 
AOARGPaAOARGP^CARGPCU )/<• 
AOLOR3*ACLCR3♦CLCNC 3(I)/é, 
A0INCL.ACIRCl40IRCL2m/€. 
ATPERI*ATPERl6TPERIGU)/e. 
APCORP.APCCRP^PCCNP11)/6. 
EERR«ABSF(AECCOM-ECC) 
IREL«EERR/ECC 
AERR*ABSP(AACOMP-SEPAX) 
AREL«AERR/SERAX 
CL2ERR«ABSP(A0L0R2-0LCR2) 
0L2REL-ABSP(CL2ERR/01CR2) 
CARERR*ABSP(AOARGP-OARGP) 
CARRElaABSPlCARERR/OARGP ) 
CL3ERR-ABSPCAOLOR3*OLOR3) 
CL3REL«ABSFICL3ERR/OLOR3) 
CIRERR.ABSFlAOIRCL-DIRCL) 
CIRREL*ABSFICIRERR/CIRCL ) 
TPERRaABSFIATPERI-TPERI ) 
TPREL*ABSF(TPERR/P) 

«m.msmÎkoÎpÎÎÎ0" ,s 
PREU-PERR/P 
¡»RITE CUTPUT TAPE 3,326 

326 FORMAT ( IHI/IHO, 14Xf I0HGA/EE/64-6/1RR/1I.A 17. 
166HCCMPARI SCR OF INPUT PARAMETERS AND^PabImstca. 

IPs 

iiHâ,i4*,i4MSfSíiâjo« î«it ;iït:fiî:T!,,î*T,**I‘»4*' 
21SHRIGPT 4SCENSICN.2F12 
b/..o.ux.„£ï £Nr ;î; ; > H0D* 
4»HPERtGEf/lH0,X4«,l2HíSÑí!u0Í ¿P:«! î MÍ1!! ÎJî, 
5/Ih 15X7HPERIGEE• /1H0< 14XllHlNCLIhATiràfcif*fü*4# 

TO THE PERIOC 
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IC N IRâ •** I 
CALL EMCR 
CQ 335 NCR«!v6 
KOR«NOP 
CO 334 LL■ 1 « 3 
AZILL IaRAO(LLfNOR«1 ) 
EL(LL ) *RAO(LL fNOR t2 ) 
TT(LL)aTTTCLL»MOII) 

334 RANT(LL)«RRANT(LLfNOR) 
335 CALLCREIT 

»•RITE CUTPUT TAPI 3,34C 
340 FORMAT( IPl/lhB/IhB/lHB/!l>At44X« 1IH0R0I1 PRRAMCIBRS 

1/IMA»27X40H0ETERPINE0 iY SETS CF THREE VECTORS PROP 
21IM RACAR CATA/lHOf 30X 
36HSET l|6X«6HSET 2,6*,eHSET 3,éXv6HSET 4f6X 
4AHSET 5»6X»6HSET 6) 

iÍ*ÍICíSUIP!:í TA^C 3*323*^CCOMPin,I«it6»#(RCOMB(I),I^ 
Ut«)9(CL0NC2(nvI«l9All(CAR0PC(l)9I-l9C) 

l!9é)((TPERIGIl)t|a|t6)9|PCOPP(I)9l«I9é) 
IECC0M«0 
BACOPPaQ 
BOLON2aO 
BOARCPaQ 
BOLON3*0 
BOINCfO 
BTPERI«0 
BPCOMPaO 
CO 336 !■196 
PECCCMaRECCOMtECCOMPII|/€. 
BACOMPaBACCMP^ACCMPII)/6* 
60L0N2aBCLCN24CLCNC2(11/6. 
6OARGPaB0ARGP#CAR6PCII )/6. 
BOINCLaBCINCL^CINCL2( I )/6. 
BDL0N3aBClCNl*0LCNC3(1)/6. 
BTPERIaBTPIRUTPERIGI 1)/6. 

336 BPCOMPaBPCOMP+PCOMP(1)/6. 
BEERR>ABSP(AiCCOM-BECCCR) 
BEREL-BEERR/AECCCM 
BAERR«ABSF(AACONP*BACOMP) 
barel-baerr/aacomp 
8L2ERRaA6SF(AOLON2-BOLCN2) 
BL2RlLaABSF(BL2ERR/A0LCN2) 
BAREARaABSF(AOARGP-BOARGP) 
BARREL■ABSF(BARERR/AOARGP) 
6L3ERRaABSF|AOLON3-BOLCN3) 
BL3RELaABSF(BL3ERR/AOLCN3) 
BINERRaABSFIAOINCL-BOINCL) 
BlNRELaABSFIBINERR/AOINCl) 
BTPERRaABSFIATPERI-BTPERI) 
BTPRilaABSFIBTPERR/APCCMR) 
BPERR*ABSF(APCGMP-6PC0PP) 
BPRELL-BPERR/APCCMP 
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hRlTE CUTPLI TÄPE î#337 
337 FORMAT(lHl/lhO»14XtlOHGâ/EE/64-6/lHB/lPA»20Xt 

148HCCMPARISCN CF PARAMETERS FRCM FIT AhO PARAMETERS 
2/lFOt3CX|28HCONSIOERING TRACKER RESPCNSE/lMâ,14R 
347HNCTE. THE RELATIVE ERRORS MERE OBTAINED BV NORM 
47HAUZING/1H 14X32HTHE ABSOLUTE DIFFERENCES TC THE 
530HFITTEC VALUES (TIME GF PERIGEE/1H I4X 
63BHPASSAGE MAS NCRMALIIEC TC THE PERICO./IHA 
733X« ¿HFITTEO»6Xf 8HRESPCNSE•2X»8HABSCLLTE«4X»0HR€LATIVE 
0/1H 54XV10H0IFFERENCE»4XtSHERRCR/1HO) 
MRITE OUTPUT TAPE 3,327,AECCCM.BECCCM.IEERR,BEREL, 
lAACOMPiBACOMP,BAERR«BAREL ,ACLON2,BCLCN2,6L2ERR, 
2BL2REL,AOARGP,BOARGP,BARERR»BARREL,AOLCN3, 
3B0L0N3,BL3ERR,BL3REL,ACIKCL,60INCL,BINERR, 
46INREL «ATPERI«BTPERI»BTPERR «BTFREL,APCCMPVBPCCMP, 
5BPERR,BPRELL 
KNTRA*C 
CALL ERROR 

8439 GO TC 70 
END 

SUBROUTINE ANAL 

DIMENSION CUMMVI1332),CAIA(100,9) 
DIMENSION C0(32,8),CT(32,8),E(4,4,2) 
OIMENSICN TPOSI300)»DAIPCS(300)«DELPCS!300) 
DIMENSION TTT(3,12),AA2(3,12),EEL(3,12),RRANI(3412)» 
1TTI3),EL(3),AZ(3),RANT(3) 
DIMENSION 6(3,1),0(3,3) 
DIMENSION ER(84,2,2) 
OIMENSICN T(330),0EL(33C),DAZ(330),RARNG(330) 
DIMENSION ACCMP(6),DL0NC2I6)«OARGPC(6),0LCNC3(6),0INCL 
12(6),TPERIG(6),PCOMP(6),ECCCMP(6) 
DIMENSION TIM(3,6),CAZ(42C),CEL(620)«RAD(3,6,2) 
DIMENSION TA(620),T6(62C),TCI2CC),T0(2C0) 
COMMON OUMMY,OATAvCC 
COMMON K20,KA2,KA3,KA4,KI6,K28 
COMMON DELTN.OELPOS »OAZPCS,TPOS 
COMMON TT,EL,AZ,RANT,B,C,RLCN4,ECCCMP,ACCMP#CL0NC2, 
ICARGPC,DL0NC3,DINC12» TPER IG«PCCMP «TTT,EEL,AAZ,RRANT 
COMMON AECCOM,AACOMptACLCK2,AOARGP,ACLCN3,ADINCL, 
1ATPERI,APCCMP 
COMMCN 0ELTAT,TMI01tK8,K3C,N0R 
COMMON T • DEL ,DAZ,RARNG 
COMMCN P,TPERI,ECC,RL0N2,RARGP,RINCL,SEMAX 
COMMCNTIM,CAZ,CEl,RAD,CAltCA2tCA3 
COMMCN KA5,KA7 
COMMCN K24,TA,TB,IC,TD 
COMMCN KNTRA,6ECC0M16AC0MP«BCLCN2»BOARGPf6CLCN3« 
IBDINCLfBTPERI,BPCOMP 
ID *C 
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CO 259 K10-U24 
CâU LSCP2 (CtKlC»0fL»C0vCTtitK30t2) 
CO 266 !«-lv6 
IE«IAM»I0 
CO 266 ie-!t2 
CO 266 IC-1.2 

266 ERUEtlB, lO-EUA.IB.IC) 
259 IOMCM 

CO 264 J-1,2 
6RITE CUTPLT TAPE 3.271.P20 

271 FORMAT(1HI»/IH •13X(I0HGA/EE/64-6t/IPB. 
129*»2ThCURVE FIT ERROR ARALVSISf/1H t56X 
2» 13» DhPGINTS FI TTEOt/lHC» 13X(5HP0iY-(CXt lOAiC IFBIREMOE 
31HS.9X.15HRELATIVE ERRORSt/lM •13X96MNCMIAL•/1H ,1311, 
46HCEGREE,5X,3HRMS,6X,7PMAX ABS,6X,3MRPS,6X,7PMAX ABS) 

IFIJ-11261,268,269 
260 BRITE CUTPLT TAPE 3,273 
273 FORMAT!1M0,32X,23MA2IMLTP 

CO TO 374 
ANGLE I0EGU 

269 BRITE CUTPLT TAPE 3,270 
270 FORMAT!1M0,3IX,25HELEVA?ICN ANGLE !0EG)) 
274 IK«1 

IG-2 
IM«1 
14*4 

267 BRITE OUTPUT TAPE 3,265,IM, 

IIJERII,4.x,.I.IR.I4.2,.X.1.„.||ERII.4,RI,IMO,14,21^! 

265 F0RMATI1M0,1SX,I2,4X,E9.2,2R,E9.2,2X,E9.2,2«E9.2) 
IK«IK44 
IG-IC44 
IM* IBM 
14*1444 
IF!IP-24,267,267,264 

264 CONTINUE 
RETURN 
ENC 

SUBROUTINE FIT 

CIPENSION CUPMVI1332),CA7A1100,5) 
CIPENSION CO!32,0),CT,32,8),E14,4,2) 
CIPENSION CAI!620),CEL1620),81,200),711200),161620), 

1TB,620),TC,200),TO, 200) ,CELPCS(300) «CAIPCSOCO), TPC9I3 
2C0 ) 

CIPENSION TTT(3,12),AAII3,12),EEL(3,12),RRANI!3,12), 
1TT(3),EL!3),AI!3),RANT|3) ' 
CIPENSION B!3,1),013,3) 
CIPENSION TI330),0ELI330),CAI!330),RARNGI330) 
CIPENSION ACOMP!6),DLONC2!6),0ARGPC 16)«OLCNCS16,«OINCL 

12I6),TPERIGI6),PCOMPI6),ECCOPP!6) 
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C1^ENSIGN TIKC3,6)#RAO(3fÉ,2l 
CORMCN OURRV«OATAfCG 
CORMCN K20tKA2vKA3vKA4vKAC(K2B 
CORMCN DELTNfDELPGS»DAZPCS•IPOS 
COPMGN TTvEL>A2,RANTtBtCtRLCK4vECCGPPvACCRP9CLONC2v 

ICARGPC.OlONC3tCINCl2tTPERIGtPCCRP*?TlaEELtAA2tRRANT 
COPMCN AECCOR»AACOMPtACLCN2 tAOARGP«ACLCN3 »AOINC11 

1ATPERI•APCORP 
COPMCN 0ELTAI9IRI0lfK8|K3CtACR 
CORMCN T.OEL.OAZ.RARMG 
COPMCN PiTPERI•ECCtRLON2tAARCPtRIKCltSEMAX 
CORMCNIIHtCAZtCEL.RAOtCAItCA2.CA3 
COMMON KA5.KA7 
COMMON K24>TAtTBtTCtT0 
COMMCN KNTRAtBECCOM »BACCMP »ECLCN2 tBOARGP.BCÍCN3. 

160INCL.BTPERItBPCOMP 
CALL LSCP2(C.KA3.KA2tLtCrtCTtEtK3C.2) 
IF(KA2*1)i•!.3 

1 RB1-KA3^1 
BRITE CUTMUT TAPE 3.2.((CCIItJltJ-1.2).I-l.KEl) 

2 FORMAT(iHlt/iHOtl*XtlONGA/EE/64-et/iHBt26X.9KOEFFICIE 
I26MNTS OF TIME POLVNOMIALS/IHA.IAX.ISHTHE COCFFICIE 
245HNTS OF THE AZIMUTH ANC ELEVATION TIME PCt>NO-/ih 14 
3X5CHMIALS ARE LISTED BELCH. THESE P0LVR0MIA1S ARE FROM 
4/IH I4X44HFITTING THE ERROR-FREE DATA. THE COEFFICIENT 
55HS ARE/15X35HLISTE0 IN ASCENDING PGHERS OF 1IME./1HA 
618X2GHAZIMLTH COEFFIC IENTS9X22HELEVATION COEFFICIENTS, 
7/1H /I21X.EIS.8tlSX.E15.Cn 

3 IF(KA3-13)4.4.9 
4 IFIKA4I5.9.9 
5 IF(KAS-15)31.32.32 

31 CO 30 LK>KA5.14 
CO 30 LKLM.2 

30 CO(LK.LKL)*C 
32 K29*K2S+K20-1 

J*1 
JK*1 
JKL*48 
JKM-K2I 
IF(K8-1)17.17.18 

17 J20*l 
GO TO 19 

18 J2C-K2CO 
19 CO 20 JJM.K20 

CELTN*(TPOS(JKM^l)-TP0S(JKM))/(0ELTAT«3.) 
CO 6 J JJ* 1.3 
IF(JKL-48)22.21.21 

21 GRITE OUTPUT TAPE 3,26 
26 FORMAT(1H1/1F0.14X,10HGA/EE/64-6/1HB.32X,5HPCLYN 

IWhOMIAL EVALUAT ION/IFA.14X3HN0..3X4HTIPE »SX.3HELE 
26HVATICN.4X.7HREL ERR.6X.7HAZIPLTH.5X.7HREL ERR/1H ) 
JKt*JKl-48 

22 JXL.JXt.l 
CN IR»JJJ-1 
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♦ CNTR«CELTN 

23 

TA(J)a(T^OS(JKKI-TMIOII/CiiTâT 
I8(J)«TAU) 

« 5Aî! i!1!!!!!1,001 14,1,#ta,j,4CO<13»1,,<#ta<j^coii 
12il))«TA(J MCOC11*1))*?AIJ)#00( 1C11)(•ÎACJ)«CC(9«!)) 
Î!Tíilíí4íC,8,1,,#ÎAiJ,tCC>7***)«TACJ|4CCI6#i!)«TAIJ 
4l^C?iî*i!î*TA,J,4C0,4*1,,#TAi *<2tm«TA( JUCGUtl) 
iSEÍ!»,íí!t.í,ÍI,í,,,C0n4*2,#TA|J,4C0^3*2>>*^U!KCIl 
Jîrii i*Tf,^]*00îlJ,2n,TA,J,4CO,l0,2,,#TAÎ J,fCCÎ9*2,î 
a!Tíiií#íC 8,2) *TA< J,4CCI7,2n*TA|J,4CCÎ6*2),#TA<J 

4.^ñ:uj:íí¿¿!Í'5S4,í”,u‘J’*co,3,2”*u'J,KO 
IE«ÎA| J)«0UIA|4|MI01 
IEUJJ-I)2492I»24 

!!.Lîi"î!ÎÎCîCL,J,"0ELKS<J,t>'n/0itPCS<J|(»,> 
f!ÍííaAÍSFICA¿<J,*OA2^CS«J,l>,>^0A«CSCJK^ 

UELAI CUTPtT TAI>I 3,22• *ÎE tCELI J ) t AELElfCA2( J ) » 

•l)XtI39P9*2fE15«YtEI0*2fE13«7tEI0«2) 27 FORMAT(IH 
60 TC 25 

Il ï'ill™’" TAPC 3,2®*3P «CEtl Jl 9CAII J| 
2i FORMAT(lh tl7X9F«.29EI5.?9E25.7) 
25 !FU-n»K2Q-2n69797 

6 
JKM»JXM4| 

20 JK-JK«! 
7 CONTINUE 

IF (X8-I MOt IC913 
10 U«l 

CO U L-10.4C.6 
AAII19LU«CA2U) 
eeui.ld-ceuu 

11 LL-LL«! 
UL-J-21 
Ull-lU«12 
U»1 
CO 12 1-UL9IU196 
AA2(29U)-CA2U) 
EEU29U)-CELIi) 

12 U*LL«1 
*005 60 TC 16 

13 U-4 
CO 14 i«1094096 
AA2(29LU-CAIIU 
EEU2tU)«CELIU 

1* U«Ll»l 
III"J-36 
UL1>LLL«3C 
U«l 
CO 15 L-LUtLUli* 
AA2(3VU)>CA!(U 
EELI39LL)«CELIL) 

15 U-U«l 
16 CO 8 K»19K20 
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KK-K284K-1 
IC(K )»TPCS(KK ) 
TO(KIafCIK) 
niK)»CAIPGSIKK) 

8 Y1(K ) *CElPCS(KK) 
IF (KA7)33|9«9 

33 CAU PL0T2C0tJ,TAfCAZ,2,20.32,12.7,2,2,0,5,0.01 
CALL PL0T2(0,K20,TC,Xl,3,20.32*12.7,2,2,0,5,1.0) 
CALL PLOT2(0,J,T8,CEL,3,2C.32,12.7,2,2,0,5,0.0) 
CALL PL0T2(KA6,K20,TO,Yl,3,20.32,12.7,2,2,0,5,1.0) 

9 RETURN 
END 

SUBROUTINE CRB IT 

CIPENSICN CUPMYI1332),CATA(100,5),00132,8) 
ClPENSIGN TPCS(300)«CA2PCS(300),DELPCSI300) 
CIPENSICN Al(3),X(3,3),hl(3),Vl(3),Cl(3,3),RA2TI3), 

iRELTI3),B(3l,CI3,3) ' 
CIPENSICN TTT(3,12),AA2(3,12),EEL(3,12),RRANT(3|12 ), 

1TT(3),EL(3),A2I3),RANT(3) 
CIPENSICN T(330),OEL(330),CA2(330),RARNG(330) 
CIPENSICN ACCMP(6),0L0NC2I6),OARGPC(£)•0LCKC3(6),C!NCL 

12(t),TPERIG(£),PCOPP(6),ECCCPP(6) 
CIPENSICN TIP(3,6),CA2l620),CEL(620),RACf3,8,2) 
CIPENSICN TA(620),IB(620),TCI200),TC(2C0) 
COPMCN OUPPY,OATA,C0 
COPPCN K20,KA2,KA3,KA4,KI6 > K7 A 
COPPCN OELTN,OELPOS,DA/PCS,TPOS 
COPMCN TT,EL,A2,RANT,B,C,RLCN4,ECCCPP,ACOPP,CLONC2 , 

1CARGPC,CLGNC3,CINCL2,TPERIG,PCCPP,TTT,EEL,AAI«RRAN1 
COPPCN AECCCP,AACOMP,AClCN2,AOARGP,ACLCN3,AOINCL, 

IATPER1,APCCPP 
COPPCN CELTA!,TPIOl,K8,K30,NCR 
COPMCN T,0EL,0A2,RARNG 
COPPCN P,TPERI,ECC,RLGN2,RARGP,RINCL,SEPAX 
C0PPCNTIP,CA|,CEL,RAD,CA1,CA2,CA3 
COPMCN KA5,KA7 
COPMCN K24,TAtIB,TC,TC 
COPMCN RNTRA,BECCOP,BACCPP,PCLCN2,BOARCP,BCtCN3, 

IPCINCL.BTPERI.BPCOPP 
PI«3.1415926536 
PIX2*P I«2. 
PieV2«PI/2. 
RAC0EG-180./PI 
NEsPIX2/86164.1 
NE1»PE*RACCEG 
CLCN4«RLCN4*RA00EG 
CO 224 1,3 
«EtT(P)-ELIP»/RACCEG 
PA¿rlP ) = AZ(P)/RACCEG 
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C 

23C AK I IsRâNT(N )*COSF( REt T 
AK2)*RAKT (^)*COSF(RELT 
AK3)«RANT(P*)«SIKF(RELI 
EAROU«TT(F).WE 
A$CEM1>EARCT1-RLCN4 

231 Cl( !•1 )*CQSF(ASCEN1) 
CKl,2l-S!NF(ASCENl! 
CKU3KC. 

CK2, n*-S!KF(ASCENn 
C1(2(2 ) aCOSF(ASCEN1) 
CK2,3)«0. 
CK3.K-0. 
CK3(2)*Q. 
CK3.3)*U 

CFM«C0SF(RA2TIFn 
ÎR))«SlHF<8A2T|Fn 
(Fl) 

cô'MÎ,i.ï!;,c,™NSfosiM¥i* «-">‘««»«««1)« 
222 viuKAim-em 

CO 223 I-K3 
HKII-O. 

C c 

CO 223 L«lt3 
NK 1)-11111 )«C(l9l)«VKL) 
CO 224 1-1,3 
JMPf I )-0« 
CO 224 1-1,3 

AIF9I)-X(M9I)40KLf|)«|iKL) 
XN-MAGMTUCE OF X(N) 

Î2-$c!ïÎiïua{îîli;}}4;îJ;J{:;|J;*{^ 

i«TTïà:ï«;i,:xiîÂ‘rï;i;r;’"î’î,4M,*,,*,“i;î‘ 
THET31-AC0S(X3CTX1/(X3«X1)) 
ÎHET12--ACCS(X20m/(X2«Xl)) 
i^;?3B“ACCSU3DTÄ2/i*3»X2ll 
SLRCTN«S|MltATUS RECTtF 
SIFN-SINIÎHETNN) 
S131-S INF(TMET31 ) 
SI 12-S INF(THET12) 
SI23-SINF(THET23 ) 

lÎ«!Îi«ïsuîî*ï*,$,îl*S,,**,,,î,/"l,**,*S,î,*1,l*",*,,î 
f$CU«R<ECCENIMC|TV HUMO 

237 ESCUAR-7ERF14ÎERF2 

!S5!ï!i*c*,"COMtTeo eccimricitv 
ICCOFPCNORI-SQRTFIESQtAR) 
ACCMF(ROR)-COMFUTEO SEFIFAJCR AXIS 
ACCMF(ROR)-SLRCTF/(l«*ESCtAR) 
ClRCl2(NCR|-COFPtTEO IRC11NATICN 

223 

224 

233 

234 

235 
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TERN4«(X( lvl)«XO|2)-XOvn«X( 1 »2 )) / ( Xl»X3«SI 31 ) 
TERM4A>ABSF(TERM) 
RINCL2«AC0S(IERRAA) 

C CHECK TO SEE IF ABSF CARC IS NECESSARY 
CINCL2(NCR)aRINCL2*RA0CE€ 

C EOLATION OF ORBIT FLANE IS CF FORK ClX«C2Y4l-0 
CI«(X(IV3)«XI2»2)*X(2t 3)«X(lf2))/(X(2»ll«X(l»2)**X(ltl) 

l«X(?,2n 
C2*(-XClf3)-Cl»X(Ul))/XUf2) 

C CLCNC2(NORI IS CCMPLTEC VALLE CF RIGHT ASCENSION CF 
C THE ASCENDING NODE 

RLCNC2*ATANF(-CI/C2) 
TERMS»IXI3*I)»X(I»3)-X(|fI)«X(3«3))/|Xl*X3«SI3l) 
IF ( TERMS 1240«240 »239 

239 RLCNC2»RLCNC2-PI 
24C CLCNC2(NCR)»RLCNC2*RA0CEC 

C LNIT VECTOR TO PERIGEE IS ALPHA TIMES VECTOR XI PLLS 
C BETA TIMES VECTOR X3 

238 TERM6»I./(ECCOMP(NOR)«SI31«SI31) 
TERM?*(SLRCTM/X3)*!• 
TERM8»(SLRC TM/X1)-1. 
C031»X30TX1/(X3«X1) 
ALPHA*(TERM6/X1)«( TERME*!TERMT«CC31)) 

241 BETA«(TERM6/x3)»(TERM7*(TERM8«C031)) 
C CARGPC(NOR I»COMPUTED ARGLPEM CF PERIGEE»ACOS(OOT 
C PRCOLCT OF LINE CF NODES ANC I SIB P) 

TERM9*(ALPHA«X(11l)^BETA«x(3«1 ) )*CCSF(RLCNC2) 
TERM10»<ALPHA*xU,2nBETI«X<3t2))«SINF(RLCKC2) 
RARGPC«AC0S(TERM94TERM1C) 
IF(ALMHA«X(l,3nBETA«X(3,3) )4013.242.242 

4013 RARGPC»*RARGPC 
242 CARGPC(NOR)»RAAGPC*RACCEG 

PCCMP|NOR}«CCMPUTED PER ICC 
CTC0MN«TIME BETWEEN PERICEE PASSAGE ANC REACHING 
VECTOR XN 

4014 TERMll«SQRTFt((AC0HP(NCRl«5.28E3)«O)/1.4076’9El6) 
TERM12*SCRTF((l.-ECCOMPINCR))/(1*«ECC0PP(NCR ))) 
PCCMP(N0R)«PIX2»TERM11 
CLCNC3(N0R)*CARGPC( NOR)^CLCNC2(NCR ) 

C THETN IS THE ANGLE BETWEEN LINE CF NCCES ANC XN 
TCRM13«(X(l,l).CCSF(RLCNC2)4Xll,2)»SINF(RLCNC2))/Xl 
THET1»ACCS( TERM13 ) 
IF(X(1,3))230.251,251 

250 THETl»PIX2-ThETl 
251 CCNTINLE 

C FN IS TRUE ANOMALY CF XN 
fi«theti-rargpc 

c EN is ECCENTRIC ANOMALY CF XN 
TERM15=Fl/2. 
TAE1C2»TERM12»SINF(TERM1î)/CCSF(TERM15) 
E1C2«ATANF|TAE102) 
IF(TERMl5-PieY2)253,253,252 

252 EIC2-FI02^PI 
253 E1*2.*LIC2 
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C TPEftlGINOft) IS TIME OP MftIGEE PASSAGE 
TPERIGINOM)«nm-IERMIl«(El-ECCOMP(KCP) «SIMP (Ell) 
RETURN 
ENC 

SUBROUTINE ERROR 

CI PENSION T ( 330)«0El(33Ct»0A2O10)tRARN6f 330) 
CIPENS1CN B (),1),0 (),)),6 (?,3),H 1),1) 
CIPENSICN TPCS(300) .OAIPCSOOO) ,CELP0S()00) 
OPENS ION CUMMYI1332 ),CATA( 100,5) 
CIPENSICN 00(32,8) 
CIPENSICN N( 3,2,50) »OIFIO) ,CIP2(50),REL1(50) 
CIPENSICN A0CMP(6 ) ,CL0NC2lé ),0ARGPC(6 ) •0L0NC3 (6) ,0INC! 

12(C),TPERIGI¿),PC0MP(6)•EC0CMPI6) 
CIPENSICN TTT(3,!2),AA2l3,12),8El(3,I2),RRANT(3,12), 

ITT(3) ,El( 3),AZO) ,RANT()) 
CIPENSICN TIPI3,6),0AZIC2C),wEi(620),RA0(3,6,2) 
CIPENSICN TA(620),TB(620),TC(200),TC(2C0) 
COPMCN DUPPY,OATA,CO 
COPMCN K20,KA2,KA3,KA4,KA6,K28 
COPMCN OELTN,OELPOS,OAIPCS,TPOS 
COPMCN TT,EL,A2,RANT•B,C,RLCN4,ECCOPP,ACCMP,CLONC2, 

1CARGPC,DLCNC3,CINC12,TPERIG,PCCMP,TTT,EEI,AAI,RRANT 
COPMCN AECCOP,AACOMP,ACLCN2,A0ARGP,ACLCN3,AOINCi, 

1ATPERI,APCCPP 
COPMCN OELTAT,TMTO1,K0,R3O,NCR 
COPMCN T,0EL,0AZ,RARNG 
COPMCN P.TPERI,ECC,RL0N2,RARGP,RINCL,SEMAX 
COPMCNTIP.CAI.CEL,RA0,CA1,CA2,CA3 
COPMCN KA5,KA7 
COPMCN K24,TA,TB,TC,TC 

COPMCN KNTRA,BECCOM,BACQPP,8CLCN2,BOARGP,BClCN3t 
IBOINCL.BTPERI.BPCOMP 
PI ■ 3.1415926536 
PI6Y2 • PI/2. 
PIX2 > 2.«PI 
RACOEG « 100.0/PI 
NE-PIX2/06164.1 
tiEl-NE«RAOCEG 
ARLON2«ACLCN2/RACOEG 
ARINCL-ACINCL/RACOEG 
ARARGP-AOARGP/RACOEG 
BRL0N2«BCLCN2/RAC0EG 
BRINCL«BCINCL/RACOEG 
BRARGP«BCARGP/RAOOEG 
IF(KNTRA)37,36,36 

36 RlCN21«AALCN2 
RARGPl-ARARGP 
RINCLUARINCL 
Pl-APCCMP 
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I^Ef(!l«ATPEKI 
SEI*AXl«ââCGMA 
8CCI«AECC0H 
GO TC 9 

37 P|*P 
TPER1I-TAERI 
ICCI-ECC 
RLCM21«RLCN2 
RARGPi«RARGP 
RINCLI*R!NCI 
SEPAX1«SEMX 

9 CT-P/5C« 
TID-O 
E«C 
R»! 
J5«0 
JI«-I 
Il-l 

14 Ei*E 
E«IP|X2/P1)«(TIN)-TPÍRI1)«ECC1«S1NP(E1) 
J9«JSPI 
IF(J5-1000C>204,203.203 

203 MITE CU T PCT TAPE 3,203tE,EI 
205 FORMAT(A3HARUN FCRCEO TFRC KEPLER LCCP, E ANC El ARE , 

12E20.I) 
€0 TO 2 

204 IF ( IABSF (E - El)) - «CCCOOCD 2,14,14 
2 J5*0 

12 • E/2.0 
CON ■ C0SF(E2) 
SNE • SINFIE2) 
FCTR2*SQRTFm.«ECCll/(l.-ECCl)) 
TANF2 « FCTR2 • (SNE/CCNt 
F2 * ATANFITANF2) 
IF ICON) 31,32,32 

31 F « (F2 ♦ PI>*2. 
GO TC 35 

32 IF ( SNE) 33,34,34 
33 F - CF2 MPIX2>)«2. 

GO TO 35 
34 F « F2«2. 
35 CONTINUE 
12 RF » I (SEMAXl)•( 1.00*1 IECC1)*«2)))/(1.C ♦UECC1) • IC 

ICSFIF)))) 
RLCN3*RLCN21«RARGP1 
RINC2-RINCL1/2.0 
SRIN2«SINF(RINC2) 
RIN22»SRIN2««2 

21 G(1,1 )«C0SFIRL0N3) «2.•(5INFIRL0N21n«ISINFIRARGPl))«R 
1IN22 

G( 1,2 )a-*S INF (RLQN3) ♦ 2.«S INF IRLCN21 )• ICCSF (R ARGP1 )) «R 
1IN22 

G( l*3)*(SINF(RL0N21))«S|NFfRINCLl) 
Ct 2,1 )MSINF(RL0N3) )*C 2 .• (CCSF (RLCN21 ) )«|SINF (RARGF11) 
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C 

1*RIN22) 

lí!N22,-CC0SF<*L0N3H"l2*MCCSFIRLCN2In#CCSF<,,A,l6Pin* 

CJ2.3|.(-ccsE|HCN2in«ISIPXfCRlNCim 
£ ï’î "í?í!íÍM*CFm#m*F|*IM:u>> 
G(3»2)-(CGSF(RâR6P| ))«(SINF(RINCll ) ) 
€(3t 3)aCCSF(RINCl! ) 
PI 1•1)*RF«CCSFIF ) 

PI2»1)«RF»SIRFCF) 
M3,n«0. 
k*CH 

100 CO 3 I • 1,3 
KC I*11»N)■€• 
CO 3 I ■ 1,9 

3 Mit I ltN)«M( I, U,N) « Glltl )«H(lfl) 
IFiN-SC1102,103,103 ' 

102 R«R4l 
TIM«T(N-1)#CT 
€0 ÎC 14 

103 IFIJ1)104,105»103 
104 Jl-0 

11*2 
K* 1 
KR1-0 
E«C 
1F(KNTRA)34.38»3C 

31 RLCN2UBRLCN2 
RARGFlaBRAIIGP 
ftlACLl-BPlfcU 
P1-6PCCMP 
ÎPERI1«BTPERI 
SEPAXlaBACCPP 
ÍCC1«BECC0P 
€0 TC 14 

39 RLCN2laARLCM2 
PARGPlaARARGP 
8ircli«arincl 
Pl-APCCMP 
TPERUaATPERI 
SEPAXlaAACCPP 
ecci-aeccop 

114 €0 TC 14 
105 CO 107 1*1,50 

CO 104 J*!,J 
106 CIFKj,i,i).H(,j,2,|) 

CIF2II )aSQRTF|OIFi(U««2«CIFll2)««24CIFl(^)as9t 

>0Ti;nuI,.c,„Ul/100TMM..!.};ÄC:;fl!Ä3.,.„ 

115 C!FMAXa0IF2f1) 
RELMAXaRELim 
SQl»CIF2m«CIF2m/S0. 
SQ2-RELlll)«REUin/5C. 
JKP«1 
JKM1 
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108 

1C9 
UC 

111 
112 

113 

CC 112 I*2,5C 

1F ICIF2m-CIFKâXîi09,lC9,lC8 
CIFH4X.0IF2U) 

lF(REllU)-RELMAxmivlllt110 
RFLHAX*REU( I ) 
JX6-I 

S01»SGUCIF2m»CIF2U)/«C. 
SQ2«SQ2^RELl(n»RELlU J/«C. 
CIFRFS«SCRTFISCU 
RELRRS»SQR?FCS02) 
CONTINUE 

IF(KMTRAll2C(118^118 

119 FORMAT(IFB1AX3CHTHE *^AXÍfÍr^ABSCLITERERRCR^IR 
}?^cCS,T,0K INTRCOUCED BY THE/ 1H 19X10H0VNAMI 

3lixF8T3E31HS».ii:c<T,i!!eE,,RCR F0R CNE CReiT IS/ 
A5H SÎî-îÎÎ ÏÜE!# THE RflATIVE VALLES AREE15 
95H MAX-/1H tl4X,8HIMUM ARCE 15.8,15H pra Í 
59HLE ORBIT.) FCR A 
60 TC 121 

120 bRITE CUTPLT TAPE 3t117.rifpax.DiFRa< bcima» 
117 f0M»TUm«30HTH£ «*» 5ÍÍ ÎÎJSuu ÉÎrcÏ U 

U7KPCSITI0N CUE 10 THIS FU IS/IH U.lî 5 *! 

3U*FeT3E31HSt.ncJT,i'< tMC* F0* C,IE CRtil’lS/ 
«SH «I ÏI Eî* IHE "fl*H»E VUUES AREEIS 

* 14X»8HIPUM AHCE15.8.15H RP< Fn» a 
59HLE ORBIT.) •e,A3ri F0R 1 

121 RETURN 
INC 

RELRMS 

RE 

1H , 
• 8# 

SING 

REIRPS 

PILES 
1H , 
• 8# 

SING 

SUBROUTINE CVNAM 

OFENSION 
CIPENSICN 
OFENSION 
OFENSION 
OFENSION 
OFENSION 
OFENSION 

C2ERGI2) 

7(330)tOEK 3 3C)«CA¿(33C)»RARNGI330) 
(3»1 ) fC I 3 f 3)tG |3,3),H (3,1) B 

TPOSUCO) t0A/PCS(300),CELPCS(300) 
0LFMY(1332)»CATA!ICO«5) 
C0(32«8) 

l2«6,.TRERIG4ÍET¿Ct¿;?ÍM”¿cm0íuPC“,,DlC’"CÍ‘6KC,,,Cl 

HÎmÎEU3;:«[;!^;îîi;!*l2,*EEE,3'iE>.E— 

c!hehsÍc2 ïi!'^ôî,î«îEI‘Je,*CEUéî0,'R*0,3'4*2» 
c i 4ÏS kÜ ,T;íf6í2 ’C. 200TC « 2C0, 
COFFCN 
COFFCN 
COFFCN 

DtMFY.DATI.CC 
K20.KA2 »KA3*KA4,KA6,X28 
OElTN.DELPOS.OAZPCS.TPOS 
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cnïïfï îfî;î,AT#™,0l#,<8*,c?c^CII 
CO^MCN T.OCltOAI.RARNG 

CO»'¡iCN1l¿TCíÍIcIfC¡ínCÍÍi,***GP,*,'‘Cl,StMX 
cSïïcJ! M;“iîC£l,M0,c*I<tM'c« 
COI'MCN K2-,,I*,Î81TC.ID 

uooxr,sï;îiî:s«s:;'4tc''p-«««..0„58,,otcN,. 
CORSTAATS CEIERRINEO HIRE 
El«3» 1415926536 
PIir2-PI/2. 
PIX2-R|«2. 
CAl«CAl«OfLÎAT 
CA2aCA2*(OEl?AI««2) 
CA3-CA2 
CA4-CAI/2. 
CA5.SGRTFCCA2-ICA1/2.1^.2) 
CB1«(CA1.«2-CA2)/(CA2..3) 
CB2aCAI/(CA2.«2) 
CB3"4«.CA2-CA1«#2 
Î!i"ÎÎÎ!IC8|#*2*î##CA2^«CÂ2.«4) 

l/CAÏÎSî1**4"3**01**2^114082**21 
Cfi6«$QRTFICB3) 
PHIA*ATANF(-CA5/CA4) 
IFt-CA4)|,2,2 

1 FHIA«PhIA.PI 
2 CCMINIE 

PHIB2*ATANF(CA5/CA4) 
IF(CA4)3»4t4 

3 PHIB>2«.|PH|B24PI) 
CO TC 16 

4 PHIB«2«.pH|62 
16 PHIC«ATA*F(2..CA5/CA!) 

IP(CAI)5t6v6 
5 PH|C*Ph|C.PI 
6 CONTINUE 

ÎHÏSI «RE CHECKS (COES IR i «««ES CVERI 

ÎÏÎ^ÎI^SM**464*-“*46*« i 
CKB»CA4.«2.CA5..2-CA2 
KNTRa-I 

1C IFIKB-n7.7v8 
7 IA»! 

IB *6 
LC-1 
60 TC 9 

8 LA-4 
LB-6 
LC-2 
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9 CO 11 J*LAvie 
CO 11 JJ»1,2 
ciiRcm-cAim 
CIiRCI2)>CiUl) 
AftG«-CA4«TIP<LC»J) 
IFÍABSFMRGÍ-85. )31,30,3C 

3C INARA«C 
GO TC 32 

31 ENAPA«!XPF(ARG) 
32 INARB-INARA 

XA»CCU,JJ)*CA3*(l./CA2«(fERAPA) 
l«SlNFICA5«IIPILC,J)-PHlA))/(CA!»SCRTMCA2)n 
XB-CCI2,JJ)*(CA3/CA2)«(T!P(LC,J)-CA1/CA2* 

1INAPA«!SINF(CAS*!IM(LC,Jl^PPlB)1/CA5) 
XC*2*«C0(3,JJ)«CA3*(CB1-CB2«TIP(LC,J)«1IP(LC,J) 

1««2/I2.*CA2) 
2«2.«INAPB/(CA2*«3*CB6)«(-CA1/2.*(CA1««2-3.*CA2) 
3«SINF(CB6M1P(IC,J)/2. )-CB6«(CAl*«2-CA2) 
4*CCSF(CB6«TlPUC,J)/2.) )) 
XD-6.«C0U«JJ)*CA3«(-Ce4«CBl«TIP(lC,J)-CB2« 

ITIPIiC,J)«*2/2.^TIN(LC,J)««3/(6.*CA2) 
2«ENAPe/(CA2»«4«CB6)*(.25«tCAl«*4/2.-3.«CAl«i2 
3«Ct34Ce3««2/2.)«S!NF(Ce6«TIP(LC,J)/2.) 
44CAl«CB6«(CAU«2-2.«CA2)«C0SF(CBe«IIPCLC,J)/2.))) 

XEa24.«CCI5«JJ)*CA3*(CBS-CB4«TIP(LC,J)4CBl«TIP(LC,J)«« 
12/2 .**Cfi2«T INfLC,J )*«3/€ .4T IP(LC ,J)««4 / (24 .^032) 
2-2.«ENAPB/(CA2««S4CB6)4(CAl/16.MCAl««4/2.-5.»CAl4«? 
3«CB345./2.4081442)4SINF(CB6«IIP(LC,J)/2.) 
44CB6/U.«(S./2.4041444-5.4CA14424CB34 
5CB3442)4C0SF(CB64TIP(LC,J)/2.))) 

XF>CZERO(JJ)4SORTF(CA2) 
1/CA54ENAPA4SINF(CA54TIPILC,J)4PHIC) 

13 RACtLC,J,JJ)>XA4XB4XC4XC4XE4XF 
11 CONTINOE 
19 IFIKNTR )12,15,15 
12 IF(K3-l)13,13fl4 
13 IA-1 

IB-3 
LC*2 
KN?R«0 
GO TC 9 

14 IA«1 
IB*6 
LC>3 
XNTR-0 
GO TO 9 

15 CONTINOE 
JL-R2I 
JN»48 
JJJ»K28-K24 
10T*C 
CO 24 J«1,K2C 
J« J 
IF (JP-48)22,20,2C 
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20 MITE CUT PUT TAPI 3,21 

2lií?!íAI.lirííiMOf l4*#l0HCÄ/8C/A4*6/|M,»2sx»7H'T,IÄN*^* 
121HR FUNCTION IVALUATICN/IFA»I4X3PNO.•3X4HTIPf.SX• 
29HELEVATIQN4X7HRIL ERIUXt7HA2|PülHt5Xf7HPIt lii/lÄ ) 
JN*JP-48 

22 'JNaJPM 

TAU)a(TPOSUU-TMICn/CELTAT 
TBU)«TAU) 
TC(J)aTA(J) 
TD(J)a!A(J) 
ARG«-CA4«TAU) 
IFIAiSFIARCI-85.>35,34,34 

34 ENAPA«C 
GO TC 36 

39 ENAPAaEXPPIARG! 
36 ENAP6a|NAPA 

CO 25 JJa1,2 
XA*CC11•JJ)*CA3*(1«/CA24((ENAPA) 

1*SINF (CASMAU l-PHI A) ) / |CA5«SQRTF CCA2) ) ) 
XBaCC(2,jJ)«(CA3/CA2)»|TAU)-CAl/CA2« 

lENAPAaSINF(CA5«TA|J)fPHt)/CA5> 
XC*2.«C0(3,JJ>«CA3»ICB1-CB2»TA(J)4TAU> 

1«*2/I2,«CA2) 

2«2.«ENAPB/|CA2«a3»CB6>«(-CAI/2.*(CA|««2-3.«CA2) 
3«SINF(CQ6«TA|J)/2.)-CB6*fCAI««2-CA2) 
4*CC$FlCv6«TA|J)/2*))) 

X0a6«*C0(4,JJ)«CA3*(-CB44CBI«TA(J)-CB2« 
1IAIJ)««2/2*4TAIJ)««3/(A*tCA2) 
2«EKAPB/(CA2«»44CBé)«U2S«ICA|««4/2.-3.«CAU«2 
3«CB3«Ce3«*2/2*)«3INFICB6«TA|J)/2*) 
4«CAl«Ce6MCA|««2-2.«€A2>«C0SFICB6«TAIJ>/2.)|) 

XE*24a«CC(5,JJ)«CA3*ICB5*C64*TA(J)«CBI«TA(J>«« 
i2/2.-CB2TAU>..3/6.4TA|J|.a4/l24..CA2> 
ï"5:!eïAPÎi/<CA2*#5#CB6,*«CAI/U.«CCA|tt4/2a-S.*CAf2 
3«CB3^5«/2*«CB3**2)*SINF(CB4«TA(J)/2«) 
4«C86/U. •(5«/2.aCA|a«4-5««CAl««2*CB3« 
5C83*«2)»C0SF(CB6«TA{J)/2.))) l 

XFaCIEROf JJ)«SGRTF(CA2) \ 
|/CAS«ENAPA«SINFICA9«TA< JI4PFIC) 
TRAFUNtJJ,J)aXAfXB4XC«X0«XE«XF 

25 CORTINtE 
TE«TA( J)«0ELTATMNI01 
JJJaJJj4K24 
JX«3»J-2 

PEIEI-ABSFCCCELCJK>-TRAFIM2#JI>/CELUX)> 
RELA|.ABSF|ICA2UK>-TRAHM|,J)>/CAIUX>> 

umïâ:«1;:! 

rM!iM 
24 JlaJL«! 

IFCKA7I2Î,26,27 

26 CAU PIOT2IC,LOT,TA.CAI,3,20.,12.,2,2,C,5,0.0 
CALL PLOT2I0,LOT,TB,TRAPCM2),3,20.,12.,2,2,0,5,1.0) 
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CÄU JLOT2IO,LOT,TC,CEI,l#2C.,U.,2,2,C.S.O.CI 

27 cîîtcâî/oîuâT,LCTtTD,™^l,Cn•3•^0•#l^•,2ta,0f5#l•0, 
CA2-CA2/0ELTAT««2 
AETURN 
ENC 

C-2< 
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appencu E 

furnished supprcgrahs 

the subprograms listed in THIS appendix are those 

furnished by the sys.ens dynanic analysis division, they 

are, IN ORDER, 

U) ARCSINE - ARCCOSINE - A RCUTINE FOR COMPUTING THESE 

TWC INVERSE TRIGONOMETRIC FUNCTIONS 

(21 15CF2 - THE CURVE FH RCITINE AND IIS SUBPROGRAMS 

(A) ISCF1 - FORMS THE NORMAL EQUATIONS 

(B) LINEC - SOLVES THE NORMAL EQUATIONS 

(Cl READ! - READS IN DATA IN THE EVENT IT ,S NCT AIREAD 

IN THE PROGRAM 

SUBPROGRAMS LSCF1 AND LSCF2 ARE IN THE FORTRAN 2 LANGUAGE. 

the other two are in far. 

ARCSINE - ARCCOSINE ROUTINE 

• FAP 
COUNT 
LBL 
REM 
REM 
REM 
REM 
REM 
SPACE 
ENTRY 
ENTRY 
SPACE 

ACOS SXA 
CLA* 
LOO 
STQ 
TSX 

FC BCI 
14 A XI 

ICO 
ARC SC, X 

Iõí?„??lT,NE CCPPUIES THE ARCSINE OR 
ARCCOSIN WHEN CALLED by ACCS(X) 
OR ASIN(X), IF THE ARGUMENT IS 
OUT OF RANGE, AN ERROR MESSAGE MILL RF 
forthcoming. ll be 
2 
ACOS 
ASIN 
1 
14.4 
1.4 
EC 
ES- 3 
AS IN* 3,4 
l.F ACOS 
0,4 

SAVE INDEX REGISTER 4 
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OS 
FAO 
IRA 
SPiCE 
REM 
REM 

SPACE 
FCC BC I 
ASIN CIA« 

ICO 
STO 
STO 
SSP 
ICO 
TIO 
SXA 
SXA 
StB 
TPl 

• 

CIA 
TRA 

TI StB 
TPL 
AXT 
ACO 
TPL 

T3 LCO 
FMP 

STO 
CHS 
FAO 
TXL 

T5 FDP 
STO 
PXO 
LLS 
ADO 
LBT 
TRA 
ARS 

T75 ALS 
STO 
STO 
LCO 
VLM 
ACO 
STO 
CLA 
VCP 
LLS 
XCA 
ACO 
LRS 

PI 

2 
7090 FLOATING PCINT ARCSINE SLBPROGRAM 
USES SOtARE ROOT AND ARCTANGENT SUBROUTINES 
1 
I.F ASIN 

1.* 
ECC 
ES-3 
N 

*1.0000001 
ERRORS 
11.1 
12.2 
«IN TEST IF CtT CF RANGE 
Tl IF TOO SMALL RETLRN WITH 

ARGUMENT 
N 
2.A 
MX IF TOO LARGE ERRCR RETURN 
XX 
0* 3 

CONST TEST IF LARGER THAN SQUARE 
T2 ROCT OF 2 CVER 2 
N 

N COMPUTE 1 - N SQUARED 
SO 

FCNE 

TA»1*0 DIVIDE BY I - N SQUARED 
Til OR DIVIDE 1 - N SQUARED 
SO BY N SQUARED 

TAKE SQUARE ROOT 
8 SEPARATE CHARCTERISTIC 
CH COMPUTE NEW CHARACTER!STIC 

TEST IF EXP 000 CR EVEN 
T60 
1 
27 
M 
P 

A»2 COMPUTE LINEAR APPROX 
P »0»6 
B.2 
T 

P APPLY NEWTCNS METHOD TWICE 
T.0.1A 
21 

T 

1 

E-2 
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ORA 
STD 
CIA 
DVP 
XCA 
ACO 
1RS 
ACO 
STO 
AXT 
CIA 
TRA 

T7 FAO 
T 6 FAO 

STO 
CL A 
FCP 
XCA 
T IX 
FAO 
XCA 
FPP 
F SB 
LCQ 
LLS 

IL AXT 
12 AXT 

TRA 
T2 TXI 
TA STO 

CLA 
TRA 

T60 LRS 
TXI 

XX XCA 
CLA 
STO 
XCA 
TRA 

ERRORS CAL 
T SX 
PZE 
LCO 
STR 
T SX 
CALL 
BCI 
BCI 
BCI 
BCI 
BCI 
BCI 
BCI 
RC I 

MASK 
T 
P 
T 

T 
9 
M 
P 
3t2 
SG 
T 6 
SG 
C 12 
T 
MIN,2 
T 

T7,2,1 
C 

P 
MASK,I 
N 

O.i 
0,2 
2.A 
T3,1,1 
T 
SG 
T5 
1 
T75,2,1 

FONE 
N 

T142 
*3817 
$(STH),A 
ES 
N 

t ( F IL ), A 
EXIT 
1,E16.8) 
1. X * 
L,GE. 
1,0F RAN 
1,S OUT 
1, (X) I 
1,F ASIN 
l.MENT 0 

CONVERT TC FLOATING PICNf 

COMPUTE ARCTANGENT CONTINU 
FRACTION 

SET PROPER SIGN 

E-3 
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BC I 
FS BCI 

SPACE 
REM 
SPACE 
DEC 

A DEC 
DEC 

B DEC 
O DEC 

DEC 
DEC 
DEC 

C DEC 
DEC 
DEC 
DEC 

*IN OCT 
MAX OCT 
CCNST OCT 
PCNE DEC 
PI DEC 
MASK OCT 

SPACE 
REM 
SPACE 

« P2E 
N P2E 
P P2E 
SC PIE 
T PZE 

END 

1 » ••ARGti 
1»(50H0« 
2 
CONSTANTS 
1 
.8125829 
•578125B29 
• 30273400 
.*2187580 
129 
1.**8631538 
3.316335*25 
6.7621392* 
•17*655*388 
-.26*7686202 
-7.1067600*5 
3.709256262 
1*0000000000 
0*1400000001 
62575*150 
1.0 
1.57079633 
000007777777 
2 
VARIABLES 
1 

c LSCF2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 

cÍu\s{?«í2Í?.C0í"0O2-'»-c«"t<32 
NSETSI5 ' ,'‘T0UT,lCC,t'C0EFFC 

r"' 

7H?ST0^T0?sÄ0R,NT,Blt 0UPÜT 

F0R »«icmtion of 
coüe^5.c° e ,Ä‘pNS:^;Fna 
SOSSCJJPF CESCUpJ^O^I^'^cfT 

COEFFT*CCEFFIC IENTS OF POivMnmâ. r«» 
SUBSCRIPT OESCP.PT.ON0 sISe ’« «EFFÏ? 

# 8 ) »ERRORS(* t*t 2) 
»COEFFT tERRCRS» MPTS » 

BE READ. WHEN ZERO 

OR (MPTS-1) WHICH 

IS DESIRED. WHEN ZERO 

GOOD RUN (*C) OR 

ORIGINAL SVSTEM. SEE 
SUBROLTINE. returned 

TRANSFORMED system, 
returned values. 
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C 
c 
c 
c 
c 
c 

TURNEO*VALLESERROR analysis cn cohputeo dependents* re- 

see WRITE-UP FOR DESCRIPTION. 
PPTS-NUHBER CF POINTS TO BE FIT. 
NSETS*NUHBER OF SET PER POINT. 
NOTE THAT THIS SUBROUTINE USES LINEC.LSCFl.READT. 

SrD?RSo!iNE LSCF2(MT,N»KTH*MTOUTtlOOKtCCEFFO»COEFFT,BRR 
ICRS* HPTS*NSETS) 

DIMENSION Cl(32*8)*C21 32*6)*E(4*4*2) »A(100*5)*YC(100*4 
3 *2 ) * 

1XT(ICO),DIFFER(100*4*2)tRELERR(100*4*2)«DUMMY(1332)* 
2ERR0RS(4,4*2)*C0EFF0(32*M) *COEFFT(32*8)«CS(5C2) 

COMMON DUMMY,A 
MT l = MTIN 
MT2*MTCUT 
K*KTH 
M*MPTS 
N*NSETS 
IF(MT1)99,101*IOC 

99 MT1*2 

\oo call «m<?s,î?{aî,,MK0* 0F SETS’ FR0>, F,,,ST 
IF(L ) 15*5,15 

5 M*CS(1)*.5 
N*CS(2)^.5 
IF(N-4)6,6,13 

6 K1 *0 
LM*(M*(N^i))^2 
GO TC(1,2,3,4)*N 

1 CO 7 I*3,LM*2 
Ki*KUl 
A(K1V1)*CS(I) 

f A(Ki,2)*CS(l4i) 
GO TO 102 

2 CO 8 I*3*LM,3 
K 1*K1♦1 
A(Ki,l)*CS(I) 
A(KI«2)*CS(M1) 

8 A ( K1,3)*CS( I>2) 
GO TC 102 

3 CO 9 I*3*LM,4 
KI*K1♦I 
A(K1,1)*CS( I ) 
A(K1,2)*CS(!♦!) 
A(Ki,3)*CSIU2) 

9 A(KI,4)*CS(I43) 
GO TC 102 

4 CO 1C 1=3,LM,5 
K1*K1♦1 
4(K1,1)*CS(I) 
A(K1,2)*CS(!♦!) 
A(K1,3)*CS(U2) 
A ( K 1,4 ) *CS( I♦S) 

10 A(Klt5)*CS(I+4) 

E-5 
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ICI 

iC2 

C 
C 
c 

103 

1C4 

YS IN BOTH SYSTEMS 

105 

106 
107 

108 

109 
110 
111 

112 
1121 
113 
116 
115 

116 

1161 
117 

118 

GO TC 102 
IF(N-4 ) 102#102t13 
TURNS CATA OVER TO LSCF1 FOR SCLUTION 
CALL LSCFl(A»MfN*K,L»ClfC2#AT»BT) 

C0NC,T|CN FOR NORNAL RETURN 
IF(L) 16(10 3»16 

SySt"«:°"' £**°* WAIYSIS IH ORIGINAL ANO TRANSROSEO 

CONFUTE 
FH*M 
CO 106 IS«1,2 
CO 106 NN*ltN 
E Í 3»NN»IS)*0 
E(6»NNtIS)«0 
CO 116 IS*1(2 
CO 116 NN*1»N 
NNN«NN>1 
SUN0*0 
SUNR-0 
CO 115 1*1»N 
J-K41 
YC(I(NN»IS)-0 
GO TO (105(106),15 

YC(I.NN,n.(VC(I,NN,IS))«A(l,l)fCl(j#NM 
J* J* 1 
IF(J)108(108.105 
XT*AT«U(I(l)tBT) 
YC( I(NN(2)*YC(I»NN»2)«XT«C2(J(NN) 
J * J“ 1 
IFIJ)108»108»107 

cÎRÎMÎ.°1lï,:îî?NÎÎ,*î'^ïElâî,Ve EM0,' IN »0»" 
CIFFERCI,NN»IS)*A(I(NNN)-YCII(KN(IS) 
IF (ABSF(DIFFER!I»NN»IS))-E(3»NN,IS))110(109,109 
E(3(NN»IS)-ABSF(DIFFER(I(NN,IS)) 
IF(A( I»NNN))1U( 112»1U 
înL!î*!!:NN,,s,*c,F£E*l,'NN'«s»'*n.AMii 
GO TO 1121 
RELERR(I(NN(IS )«DIFFER!I»NN,IS ) 
IF(ABSF(RELERR(It^iN(IS) )-E (6(NNv I S ) )116(113.113 
E(6,NNtIS)*ABSF(RELERR!l,NN,IS)) U3 
SUND*SUMD4(( DIFFER! I,NN,IS ) )*#2) 
SUNR«SUHR^!(RELERR(I,NN,IS))»»2) 
E( 1 •NN»IS)*SQR TF(SUMO/FN) 
E(2»NN(IS)*SQRTF(SUHR/FN) 
PRINT OUTPUT ON NT2,IF ZERO EXIT 
IF(HT2)ll6l,127.117 
PT2-3 
NN*1 
IP«0 
J*P 
NNN*NN«1 
IPMPM 
CUPP PAGE 
NRITE OUTPUT TAPE NT2,301.IP 
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C CUPP TITLE 
WRITE OUTPUT TAPE MT2,302tKtH,KN 

C CUPP HEADINGS 
WRITE OUTPUT TAPE MT2.303 
IFU-49)119,122,122 

C CUPP J ANS WITH COEFFICIENTS 
119 IAC*KU 

WRITE OUTPUT TAPE HT2,304,1 1fA ( 1,1), AI I,NNN),C11 I,NM, 
2Y0( I,NN,1), 
IRELERRU.NN, 1) ,02( I ,NN ) ,YC (I ,NN , 2 ), RELERRf I ,NN,2 I, I«1, 
41 AC ) 

0 CUPP J ANS WITHOUT COEFFICIENTS 
ID=K^2 
IF(ID~P)120,120,121 

12C WRITE OUTPUT TAPE NT2, 3C5,( I, AU ,1),ACI,NNN ) ,YC(I,NN, 
21), 
1RELERR(I,NN,1),YC(I,NN,2),RELERR(I,KN,2),1^10,M) 
IF(J-49)121,123,123 

C CUPP ERROR ANALYSIS ON SAPE PAGE 
121 WRITE OUTPUT TAPE PT2,306,E(1,NN,I ),E11,NN,21,EI2,NN,1 

2),E(2,NN,2), 
1 AT ,E(3»NN,1),E(3,NN,2),E(4,NN,1),E(4,NN,2),BT 
NN«NN4l 
IF(NN-N)118,118,127 

122 IF(3-54)119,124,124 
0 CUPP CONTINUE 

123 IP*IPM 
WRITE CUTPUT TAPE MT2,307,NN,IP 

C CUPP NEW PAGE THEN GO TO ANS AND ERROR ANALYSIS OUPP 
WRITE CUTPUT TAPE MT2,3O0,NN,IP 

C CUPPS ERROR ANALYSIS ON SEPARATE PAGE 
GO TC 121 

C CUPP 53 ANS 
124 lAC’KM 

WRITE CUTPUT TAPE HT2,304,( I ,A( 1,1),A(I,NNN),CUI,NNI, 
2YC(I,NN,1), 
1RELERRI I,NN, 1) ,C2U ,NN) ,YC( I,KN,2) ,RELERRU,NN,2 ), 1*1, 
31 AC ) 

ID*Kt2 
WRITE CUTPUT TAPE MT2,305,1 1, A 11,1),A ( I,NNN),YC(I,NN,1 

2), 
1RELERRII,NN, 1),YC(I,NN,2).RELERRII,NN,2),I*IC,53) 

10*54 
J*J-53 

125 IP*IPU 
WRITE CUTPUT TAPE MT2,307,NN,IP 
WRITE CUTPUT TAPE MT2,308,NN,IP 
WRITE CUTPUT TAPE PT2,309 
IFU-56) 120,126, 126 

C CUPP 55 ANS 
126 I AC*ID*55 

WRITE CUTPUT TAPE MT2,305,(I, A 11,1),AII,NNN),YC4I,NN,1 
2), 

IkEtERRl I.NN.l) ,YCU ,NN,2) ,RELERR I I ,NN, 2 ) , I ■ IC , UC) 

E-7 
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127 

128 

129 
U 

13 
15 

200 

301 
302 

303 

304 
305 
306 

307 

306 

309 

IDMACH 
J-J-55 
CO TO 125 
1*0 
K»KM 
CO 120 1*1,K 
CO 128 J*1,N 
COEFFOCI,J)»Ci(I,J) 
COEFFT(I,J)*C2(I,J) 
CO 129 1*1,4 
CO 129 NN*1,N 
CO 129 IS*1,2 
ERRORS!I,NN,IS)*E(I»NN,IS) 
L00K*L 
RETURN 
1*13 
PRINT 200 
WRITE OUTPUT TAPE 3,200 
GO TO 14 

F0* £t,,VE F,IT,NG R0U,NE 86EN 8 
1CRREC T«,56X,3HJBH) 

FORMAT STATEMENTS FOR PRINT OUTPUT TAPE MT2 
FORMAT !1H1,110X,5H PAGE,13) 

^F0RMAT(14X,34HLEAST SQUARES CURVE FIT CF DEGREE ,I2,9X 

DATA P°ÏNtS,9X,UNSET NUMBER 12//) 

Æiir • ,,Hv,,,,iwccEmc,EKTs*5,,’7HY co',pu 
«T!Ú«:4X'UHC0EFF,C,ENTS'5),*l0HY CCMpUTEC.4«.3HREI. 

77HNUESVshxü,8HCBSE*VE0,6,’l2H0R,C,N4L SYS>4X>12H«I6 

65hÏ!IÎ«ÎÎ;1^I'UNSFOR',EO SYS*1**15HTR*NSFOI««0 ErS.2X. 

ÎSÏ!!î!!!4,ElS,7,ÎEl6-7'El«-2^H6.7,ElC.2) 
FORMAT(Ï4,E15*7,E16*7,E32*7,EIC«2,E32«7,E10 2) 
FORMAT(19X,1IHOIFF6RENCES,29X, 15HRELATIVE ERRORS 22¾ 

,on 1 ■* ' -8 » : «hems'owHe 

»5hÊ2*SÏ,,E15!'7/0RC*’E,'2,11H R,,S T*â,lls*£’*2»>0X,4HM(e« 

wx.swux *es.,€».2,UH R*X abs. .eb.z.sx.bhrax abs.,e 

411N MAX ABS- ,E9.2,1OX,9HWHERE B »•E1S-7/111X) 

11HE?I3)40X,16M°AU °F rM,S SET,12*l7H CONTINUED ON PAG 

UHpÍge!i3),46X,ISHCCNTINÍATI0N 0F SET*I2»5h CATA ,39X, 

321x?Ani^X,lHX,l5X,lMy,26X,l0MŸ C0PPuTE0^x*7HRÉC ERR. 

4,l22X,C0MPUTED,AX,7MREL EPP^®x* ®hobSERVEO,8X,8HOBSERVED 

212HORIGINAl SYS,5X,4H0RIG•20X,15HTRANSFORMED SYS,2X, 



GA/EE/64-6 

55HTRANS/) 
END 

Ct-SCF1 LEAST SQUARES CURVE FIT (CORPtTATIOAAL) 

C CI NEKS ION CARD A|ICO,5),C1(32,8),C2(32#8) 
C POINTS TO BE FITTED ASSUMED IN CORE WHEN CALL EXECUTED. 
C A » POINTS TO BE FITTED. A(1,1) * INDEPENDENT VARIABLE. 
C A ( I,N), WHERE N * 2,3,4,5, ARE SETS OF DEPENDENT VARIABLE 
C CORRESPONDING TO AU,1). 
CM* NUMBER OF POINTS. MAX * 100 
C N * NUMBER OF SETS. MAX*4 
C K * DEGREE OF FIT. MAX*24 CR (K-1Í WHICH EVER IS SMALLER. 
CL* RETURNED CHECK VALUE. L*C,RUN GCOD. L K0T«0,SYSTEM 
C UNSOLVED. 
C Cl * COEFFICIENTS OF POLYNOMIAL DEGREE FCR ORIGINAL 
C SYSTEM. Cl (l,N ) IS CONSTANT TERM. C1(I,N) IS COEFFICIENT 
C FOR (1-1) POWER TERM. 
C N DENOTES THE SET. RETURNED VALUES. 
C C2* COEFFICIENTS OF POLYNOMIAL DEGREE FOR TRANSFORMED 
C SYSTEM. SUBSCRIPTS DESIGNATED AS IN (CII,N). RETURNED VAL- 
C UES. 
C AT AND BT * TRANSFORMATION CONSTANTS IN THE FORMULA 
C Z*A (X-B ) • 

SUBROUTINE LSCF 1( A,M,N,K,L ,C1,C2,AT,BT) 
DIMENSION Z(32,40),S(49),0(25),A(100,5),CII32,81,C2132 

1,8) 
C ASSUMES THAT K LESS THAN 24 
C FORMS TRANSFORMATION CONSTANTS AT AND BT 

AT*2./(A(M,l)-A(l,l)) 
BT*(A(M,1)♦All,1))/2. 

C MAPS X INTO ZT AND FORMS MATRIX VALUES 
JJ * (2»K)♦I 
CO 100 J*1,JJ 

100 S(J)*0. 
KK =K♦ 1 
KKK*KKiN 
CO ICO! J = 1,KK 
CO 1C01 J J* 1,KKK 
Z(J,JJ ) *0 

IC01 CONTINUE 
CO 103 MM* 1,M 
J=1 
KKK*2»K 
CO 103 KK*0,KKK 
ZT*AT*(A(MM,1)~BT) 
S(J)*ZT*«KK»S(J) 
IF(KK-K)101,101,103 

C FORM COLUMN VECTORS OF Y 
101 IC=K*2 

I R =K K♦ 1 

E-9 
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NNN»N^1 
CO 1C2 NN«2*NNN 

IR»IC)S¿(1RVIC)«( (Zí»»KK)«A(l*H,NN)) 
102 IC*IC41 * 11 
103 J*I 

C SETS UP HATHIX 
PC«Ki1 
CO 104 IC=1,PC 
J«IC 
CO 104 IR*1,HC 
¿i IR.1C)»S(J) 

104 J*JM 
C CSE L INEC FOR SOllTICN CF SYSTEM 

CALL LlNEQ(Z,C2,MC,NfL) 
IF(L)1llv105.111 

CmK REVERTING COEFFICIENTS TC ORIGINAL SYSTEMCC2 TO Cl) 
1U D II*K4 1 

CO lio NN* 1 »N 
C FORMS COEFFICIENTS FOR SYNTHETIC DIVISION 

CO 1C6 I*l.II 
106 C(I)«(C2U,NN))«UT**<l-in 

C PERFORM SYNTHETIC DIVISION 
1*1 
JJ*0 

107 Cl ( I,NN)*0 
J*K>1 

108 Cl( I.NN)*D(J)4(CHItNN)«(-BT)) 
C(J)*C1(I.NN) 
J*J-i 
IFIJ-JJ)109.109.108 

109 I* I♦1 
JJ*JJtl 
IFII-K-1)107,107,110 

110 CONTINUE 
L*0 

111 RETURN 
ENC 

CLINEC LINEAR EQUATIONS SOLVER 

CALLING SEQUENCE... 
CI MENS ION A(32,4C),XI32,8) 
CALL LINEQ!A,X,N,K,L) 

TO SOLVE THE LINEAR SYSTEMIS) kX»S 
WHERE R IS THE COEFFICIENT MATRIX IN SQUARE) 
and s IS THE RIGHT HAKD SIDEIS) IN by K) 
LET A(ItJ)«R(ltj)visifN,j*i(N 

AÍI,N4J)«SII,J)#I.1,N,J*1#K 
N*NO. OF EQUATIONS 
K*NO. OF RIGHT HAND SIDES 

GIVES X AS THE SOLUTION MATRIX 

E- 10 
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1=0 INDICATES NORMAL COMPLETION 
L * I INDICATES DETERMINANDO 
L = 2 INDICATES FL. PT. CVERFLON 

1332 CELLS OF COMMON ARE USED 
SUBROUTINE LINEO (A,X,N,KtL) 
DIMENSION A( 32,40, X (3^ ,P) ,6(32,40) ,CUO) 
COMMON B,C,NN,KK,NK,TAP#7fI I,IP,I1,12,I,J,JJ 
NN = N 
KK = < 

\K=NN>KK 
CO J.C I = l, NN 
DC 10 J=1,NK 

io e(i,j)SAu,j) 
CO 180 1=1,NN 
11 * I ♦ 1 
T AP*0• 
CO 50 J = I, NN 
Z«ABSF(B(J,!)) 
IF(Z-i.)30,20,30 

20 IP=J 
GO TO 60 

30 IF(Z-TAP)50,40,4C 
40 IP*J 

TAP=Z 
50 CONTINUE 
60 Z*fi( IP, I ) 

IFCZI8C,70,80 
C CETERMINANT=C INDICATED BY L*l 

70 L= 1 
RETURN 

80 CO 90 J*11,NK 
90 C(J)=B(IP,J)/Z 

11 *NN 
12 *NN 

93 IF( I1-IP)95, 160,95 
95 2=8(11,1) 

IF (Z)130,ICO,130 
100 IF(11-12)110,150,110 
110 CO 120 J=11,NK 
120 6( I2,J)=BU1,J) 

GO TC 150 
130 CO 140 J*11,NK 
140 B(I2,J)=B(11,J)-I*C(J) 
150 12=12-1 
160 11=11-1 

IF(12-1)170,170,93 
170 CO 180 J = I I,NK 
180 e(I,J)*C(J) 

I = NN 
185 1=1-1 

IFU )210,210,190 
190 CO 200 J J = 1,KK 

J=NN*JJ 
Ii=itl 

E -11 
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CO 200 12s 11«NN 
200 B( I,I2)»eC!2,J) 

CO TC 185 
21C CO 220 J* 1 »KK 

11»NN*J 
CO 220 I>1,NN 

220 X<1( J)*8(1,11) 
IF ACCCMULATCR OVERFtOK 230,2*0 

C FLOATING POINT OVERFLOW INDICATED BY L*2 
230 L = 2 

RETURN 
C SUCCESSFUL COMPUTATION INDICATED BY L*C 

2*0 L*C 
RETURN 
END 

C REACT 

• FAR 
COUNT 630 

•REACT 
SINGLE PRECISION FLOATING POINT INPUT 
SAMPLE CALLING SEQUENCES 
IN FORTRAN CALL REACT(A,N,L ) 
IN FAR CALL REACT,A,N,L) 
A IS THE ARRAY NAMF WHERE DATA IS TO BE STORED 
N IS THE SYMBOLIC TAPE NUMBER 
L IS THEM ERROR DETECTION CEL 
t*0 NO ERRORS DETECTED l NOT EQUAL TO ZEROES 

ERRORS DETECTED 
N IS STORED IN CECR. 

A COMMA IS A FIELD TERMINATING CHARACTER. 
ENTRY REACT 

REACT SXA SV, 1 
SXA SV*l,2 
SXA SV+2,* 
AXT 0,1 
SXA SC,1 
CLA 3,* 
STA C*2 
STZ CEXP 
CLA» 2,* 
PCC •••Z 
ARS 18 
STO T 
CLA« t(IOU) 
CAS T 
TRA «45 
TRA •♦* 
CLS *1 
STO ESM 

E-12 
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TRA 
CIA 
STA 
CLA 
STA 
STA 

XY AXT 
ICI 
CNT 
T XI 
TRA 

XX T XL 
Z1 SXO 

AXT 
AXT 
T AH 

T XI 
T X I 
LAO 
CAL 
SLW 
CAL 
SLW 
CAL 
SLW 
CAL 
SLW 
CLA 
STA 
LCI 
STZ 
STZ 
STZ 
CLA 
STA 
CLA 
STA 
STZ 
CLA 
STA 
T SX 

B3 TNX 
CAO 
TRA 
T SX 
TRA 

BAS RIS 
BA TNX 

CAO 
TRA 
T SX 
TRA 

B5S RIS 
B5 TNX 

C 
t( IOU) 
•♦1 
*•#2 
S A1 ♦ I 
SA5 
0,1 
S Aï» 
CAfS.l 
XX,l,1 
X X ♦ 1 
XYM, 1,5 
•♦3,1 
A,2 
0,1 
•♦3,1,*• 
•♦l,2,-A 
ZlO,l,i 
Z!♦3,1 
IF,2 
SA2 
2F,2 
SA2M 
3F,2 
SA3 
AF.2 
SA3M 
= 0 
B7^A 
= 7 
CNT 
BCW 
EXP 
*12 
CV^l 
* A 
CV2U 
ESW 
1 , A 
7B 
SC, 1 
•♦3,A,1 
TABLE,1,1 
TAB3,1 
SC, 1 
B3 
C Y ♦ I 
•♦3,A,1 
TABLE,1,1 
TABA,1 
SC,1 
BA 
CY 
•♦3,A,I 

CHANNEL 
AND TAPE NLMBER 

PICKS 
IHE 
CORRECT 
CATA 
CHANNEL 

STCRE FIRST 
DATA CELL 
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CAO 
TRA 
TSX 
TRA 

Bé TKX 
CAO 
TRA 
TSX 
TRA 

B 7 S X A 

TSX 
TSX 
S XA 
AXT 
CLA 
TZE 
ONT 
TRA 
CLA 
CAS 
TRA 
NCP 
ALS 
TRA 
TSX 
ONT 
S SM 

TB STO 
TX! 
SXA 
AXT 
LOI 
STZ 
STZ 
STZ 
STI 
CLA 
STA 
CLA 
STA 

77B AXT 
LCO 
TRA 

B8 CLA 
ACM 
SLW 

B8A TNX 
CAQ 
TRA 
TSX 
TRA 

B8B CLA 
ACM 
STO 

TA0LEvI,1 
TABSil 
SC, 1 
B5 

TABLE,1,1 
T AB6,1 
SC,1 
B6 
77B ,4 
OV-1,4 
OVl-1,4 
700,i 
0,1 
BCU 
7B 
CV 
•♦7 
BCM 
«32767 
B8B 

18 
• ♦2 
FL,4 
CYO 

••• 1 

B70,l 
•••1 
■7 
CEXP 
BCM 
EXP 
CNT 
«12 
cvo 
*4 
CV20 
•••4 
TO 
B3 
E SM 
»1 
ESM 
•♦3,4,1 
TABLE,1,1 
TABS,1 
SC,1 
B8A 
ESM 
•1 
ESM 
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STZ 
LXA 
TRA 

B8C LXA 
TRA 

B8C LXA 
TRA 

B9S RIS 
B<î TNX 

CAO 
TRA 
TSX 
TRA 

B10 TNX 
CAQ 
TRA 
TSX 
TRA 

BI1 TNX 
CAQ 
TRA 
TSX 
TRA 

B12S RIS 
RIS 

B12 TNX 
CAO 
TRA 
TSX 
TRA 

B13S RIS 
B13 TNX 

CAO 
TRA 
TSX 
TRA 

BHS RIS 
B14 TNX 

CAQ 
TRA 
TSX 
TRA 

B15 TNX 
CAO 
TRA 
TSX 
TRA 

B16S RIS 
RIS 

Blí TNX 
CAQ 
TRA 
TSX 
TRA 

BCW 
B 7>4 » 1 
B 7 
C VI *4 
B8 
CV3.4 
B6 
CY 
•♦3 »4»I 
TABLE,1,1 
TABS,1 
SC,I 
B9 
•♦3,4,1 
TABLE•1,1 
T AB 10,1 
SC,1 
BIO 
*♦3,4,1 
T ABLE,1,1 
T AB 11, l 
SC,1 
B11 
CY*2 
CY 
*♦3,4,1 
TABLE,1,1 
TAB 12,1 
SC,l 
B12 
CY 
•♦3,4,1 
TABLE,1,1 
T AB 13,1 
SC,1 
B13 
CY 
*♦3,4,1 
TABLE,1,1 
TAB 14,1 
SC,1 
B14 
*♦3,4,1 
TABLE,1,1 
T AB 15,1 
SC, l 
B15 
CY*2 
CY 
*♦3,4,1 
T ABLE,1,1 
T AB 16, l 
SC.l 
B16 
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B17 TNX 
CAO 
TRA 
T SX 
TRA 

FL S X A 
CLA 

N* ALS 
per 
T X I 
LGR 
SLW 
PX A 
SSM 
ACO 
STO 

AX AXT 
SXA 
CLA 
ONT 
SSM 
SUB 
STO 

U TZE 
STO 
TMI 
CLA 
STO 
CLA 
STO 
TSX 
CLA 
SUB 
STO 
TZE 
TRA 

ZT L CO 
XCA 
TLO 
XCA 
LLS 
PAX 
CLA 
STO 
CLA 
STO 
TSX 
AXT 

EX TRA 
CLA 
STO 
CLA 
STO 
TSX 

•♦3#A*I 
TABLE,1,1 
TAB17,1 
SC,1 
B17 
AX,2 
ecu 
i 

NP » 2,1 

l 
BCW 
••.2 

«35 
CEXP 
••0,2 
EX-1,4 
EXP 
CY*2 

CNT 
EXP 
PK 
EXP 
ZT 
N15 
T 
N1541 
TM 
MP,4 
EXP 
■15 
EXP 
EX 
TZ 
—20 

EXM 

l 
••»2 
NPM1,2 
U1 
NP^40,2 
T 
MP , 4 
•••A 
PX 
NP 
T 
NPU 
TM 
HP, 4 
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CLA 
ACO 
STO 
TZE 
TKA 

MP CLA 
ACO 
STO 
LCO 
MPY 
SXA 
AXT 
LIS 
PBT 
TXI 
LGR 
SLW 
T XL 
CLA 
SLB 
STO 

SET AXT 
TRA 

PK CLA 
ACO 
PBT 
TRA 
LGR 
XCA 
CLA 
ACO 
STO 
TRA 

BIC XCA 
CLA 
ACO 
CAS 
TRA 
TRA 
TPI 
LLS 
STO 
TRA 

ERROR STZ 
CLA 
ACO 
STO 
LXA 
TRA 

CV SXA 
AXT 
TNX 
VLM 
LLS 

EXP 
*20 
EXP 
EX 
TZM 
CEXP 
T 
CEXP 
BCM 
J*l 
SET,2 
0,2 
1 

•-2,2,1 
1 
BCM 
SET,2,0 
CEXP 
*1 
CEXP 
*«0,2 
1.4 
BCM 
*0200 

BIC 
1 

CEXP 
*1 
CEXP 
BIC«1 

CEXP 
*C200 
*0400 
ERRCR 
ERRCR 
ERRCR 
27 
BCM 
1.4 
BCM 
ESM 
*i 
ESM 
B7*4,1 
78 
CVI.4 
•*0*12,4 
BBC,4,1 
PM*H ,4,4 
4 
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SSP 
ACO 
SLW 
iXA 
SXA 0V.4 

1*1 
JO,2 
•••2 

CV4l,4 

BCM 
BCM 

CVl AXT 
TRA 
SXA 
AXT ov 

JO 

CV2 

CV3 

OVI 

JOl 

SC 

SCA 

SA 
SAI 

SA2 

SA3 

STO TQ 
ICO BCM 
CLM 
US O 
OVH PM4ll#2 
STO BCM 
AXT **,2 
T«A i,4 
SXA CV3.4 
AXT #9044,4 
TMX B8A,4*l 
VLH PM*11,4,4 
US 4 
SSP 
ACO EXP 
SIM EXP 
SXA CV2«lt4 
S XA OVI•4 
AXT **0*4 
TRA itl 
SXA J01v2 
AXT ••9! 
LOO EXP 
CLM 
LLS O 
OVH PMMIt2 
STO EXP 
AXT **«2 
TPA I«4 
AXT 0,4 
TNX SC43,491 
TRA SCA 
TSX SA,4 
AXT 12,4 
LCO HGP+12,4 
SXA SC,4 
AXT ?t4 
TPA 1,1 
SXA SA4,4 
AXT 5,4 
ROS 99 
«CHA SA7 
TCOA 9 
TACA SA5 
TEFA SA6 

OV 

JO 

CV2 

CV3 

OVI 

JOl 

SC 

SCA 

SA 
SAI 

SA2 

SA3 
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SAA AXT 
TRA 

SA5 B SR 
T IX 

SA6 CLA 
STO 
TRA 

SA7 I0CC 
MCP BSS 
T BSS 
C CLA 

ALS 
STO 

SV AXT 
AXT 
AXT 
TRA 

CA OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

NP OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCf 

•••* 
It* 
• • 
SAl*lf4,l 
— 2 
ESM 
C 
HOP,0»12 
12 
12 
ESW 
18 
• • 

•*t 1 
•* t 2 

1000 
2000 
3000 
*000 
5000 
6000 
*00000000102 
27*7120*1*** 
*00000000077 
35*07**51755 
*00000000073 
223**567216* 
*00000000071 
270357250621 
400000000065 
3*6453122766 
400000000061 
220072763672 
400000000056 
264111560650 
400000000053 
341134115022 
400000000047 
2 14571460113 
400000000044 
257727774136 
4000000000*1 
333715773166 
400000000035 
211340575012 
400000000032 
253630734214 
400000000027 
326577123257 
400000000023 
206157364055 
400000000020 
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OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

PH OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

N15 OCT 
OCT 

TC PZE 
ESN PZE 
CM PZE 
EXP PZE 
BCN PZE 
CEXP PZE 
CY OCT 

OCT 
OCT 

TABLE VFO 
VFO 
VFD 
VFO 
VFD 
VFD 
VFD 
VFD 
VFD 
VFO 
VFO 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFO 
VFD 
VFD 
VFD 
VFO 

247613261071 
400000000015 
321556135307 
400000000011 
203044672274 
4000000C0006 
243656050754 
4C0000000003 
314631463146 
7346545000 
575360400 
4611320C 
3641100 
30324C 
23420 
1750 
144 
12 
1 
62 

343277244615 

1 
2 
4 
6/0,30/0 
6/1,30/0 
6/2,30/0 
6/3,30/0 
6/4,30/0 
6/5,30/0 
6/6,30/0 
6/7,30/0 
6/8,30/0 
6/9,30/0 
06/12,30/7 
06/13,30/7 
06/14,30/2 
06/15,30/7 
06/16,30/7 
06/17,30/7 
06/20,30/1 
06/21,30/7 
06/22,30/7 
06/23,30/7 
06/24,30/7 
06/25,30/6 
06/26,30/7 
06/27,30/7 

COCE 00 TYPE 0 
COCE 01 TYPE 0 
CODE 02 TYPE 0 
COCE 03 TYPE 0 
COCE 04 TYPE 0 
COCE 05 TYPE 0 
COCE 06 TYPE 0 
COCE 07 TYPE 0 
COCE 10 TYPE 0 
COCE 11 TYPE 0 
COCE 12 TYPE 7 
CODE 13 TYPE 7 
COCE 14 TYPE 2 
COCE 15 TYPE 7 
COCE 16 TYPE 7 
COCE 17 TYPE 7 
COCE 20 TYPE l 
COCE 21 TYPE 7 
COCE 22 TYPE 7 
COCE 23 TYPE 7 
COCE 24 TYPE 7 
COCE 25 TYPE 6 
COCE 26 TYPE 7 
COCE 27 TYPE 7 
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VFO 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFO 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFD 
VFO 

IF RCHF 
2F TCOF 
3F TKCF 
4F TEFF 
IE RCHE 
2E TCOE 
JE TRCE 
4E TEFE 
1C RCHC 
2C TCOC 
3C TRCC 
4C TEFC 
1C RCHC 
2C TCOC 

06/30,3C/7 
06/31,30/7 
06/32,30/7 
06/33,30/3 
06/34,30/7 
06/35,30/7 
06/36,30/7 
06/37,30/7 
06/40,30/2 
06/41,30/7 
06/42,30/7 
06/43,30/7 
06/44,30/7 
06/45,30/7 
06/46,30/7 
06/47,30/7 
06/50,30/7 
06/51,30/7 
06/52,30/7 
06/53,30/7 
06/54,30/7 
06/55,30/7 
06/56,30/7 
06/57,30/7 
06/60,30/5 
06/61,30/7 
06/62,30/7 
06/63,30/7 
06/64,30/7 
06/65,30/7 
06/66,30/7 
06/67,30/7 
06/70,30/7 
06/71,30/7 
06/72,30/7 
06/73,30/4 
06/74,30/7 
06/75,30/7 
06/76,30/7 
06/77,30/7 
SA7 
SA2 + 1 
SA5 
SA6 
SA7 
SA241 
SA5 
SA6 
SA7 
SA2H 
SA5 
SA6 
SA7 
SA2n 

COCE 30 
CODE 31 
COCE 32 
COCE 33 
COCE 34 
COCE 35 
COCE 36 
CODE 37 
COCE 40 
COCE 41 
COCE 42 
COCE 43 
COCE 44 
COCE 45 
CODE 46 
COCE 47 
COCE 50 
COCE 51 
CODE 52 
COCE 53 
COCE 54 
CODE 55 
COCE 56 
COCE 57 
COCE 60 
CODE 61 
COCE 62 
COCE 63 
COCE 64 
CODE 65 
COCE 66 
COCE 67 
CODE 70 
COCE 71 
COCE 72 
COCE 73 
COCE 74 
COCE 75 
COCE 76 
COCE 77 

TYPE 7 
TYPE 7 
TYPE 7 
TYPE 3 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 2 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 5 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 4 
TYPE 7 
TYPE 7 
TYPE 7 
TYPE 7 
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3C TRCC 
4C TEFC 
IB RCHB 
26 TCOP 
30 TRCB 
40 TEFB 
1A RCHA 
2A TCOA 
3A TRCA 
4A TEFA 

IRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB3 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB4 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABS CIA 
AOO 
STO 
TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB6 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

SA5 
SA6 
SA7 
SA2*i 
S AS 
SA6 
SA7 
SA2M 
SAS 
SA6 
B8 
C 
B3 
87 
65$ 
B4S 
B4 
CV>1 
B6 
B8 
B8 
B4 
B8 
B9S 
68 
B8 
CV,1 
BIO 
68 
B8 
BS 
B8B 
B8 
B8 
B8 
CNT 
•l 
CNT 
CV,1 
Bll 
B8 
B14S 
66 
B7 
B13S 
BI2S 
B12SM 
CV,1 
86 
68A 
B8A 
B8A 
B8B+3 
BBA 

ERRORS 
E 
B 

♦ 

0 THRU 9 

TAB 8 FOR 68 

iWWii' 
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TRA 
IRA 

TAB8 TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABS CIA 
ACO 
STO 
TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB10 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABU CLA 
ACD 
STO 
TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

T AB 12 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABU CIA 
ACO 

B8A 
BSA 
BSA 
BS 
BS 
BS 
B8B 
BS 
BS 
BS 
CNT 
*1 
CNT 
CV, 1 
B15 
BS 
B14S 
B10 
B 7 
B13S 
816S 
B16S* 1 
CV, 1 
B10 
BS 
BIAS 
Bll 
B7 
BS 
B16S 
B16S 
CNT 
*1 
CNT 
CV, l 
BU 
BS 
BS 
B 12 
B7 
BS 
BS 
BS 
CV2,l 
BIT 
BS 
BIAS 
B13 
B7 
BS 
B16S 
B16 
CNT 
»1 
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STO 
TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB14 TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TAB15 CLA 
ACO 
STO 
TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABU TSX 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 

TABi? TSX 
TRA 
END 

CNT 
CV,1 
B13 
B8 
B8 
BU 
B8B 
B8 
BUS 
B 16 
CV2,1 
BIT 
88 
BUS 
B15 
B7 
B8 
B16S 
B16 
CNT 
*1 
CNT 
CV'l 
B15 
B8 
B8 
B16 
B8B 
B8 
B8 
B8 
CV2.1 
BIT 
B8 
88 
BIT 
B7 
B8 
B8 
B8 
CV2.1 
BIT 
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Appendix F 

Glossary Terms 

This appendix Is designed to list uncommon words 

used in this paper. The definitions given coincide with 

the way the words are used In the report. 

" P0^nt In the elliptic orbit where the orbiting 

body is farthest from the center of the earth, 

argument of perigee - the angle between two lines Inter¬ 

secting at the center of the earth, one of them di¬ 

rected to the ascending node and one of them to 

perigee. 

—CendlnS 22âe - point where the line of nodes Intersects 

the orbit as the satellite goes Into the hemisphere 

containing the North Pole. 

asisath - angle measured counter clockwise from true north 
to satellite projection In the local horizontal plane. 

diurnal rotation - rotation of earth about Its axis, 

eccentric anomaly - angle between radii of circle circum¬ 

scribed about the orbital ellipse, one radius being 

through the perlfocus, the other being to a point on 

the circle vertically above the satellite position. 

eccentricity - ratio of the distance between the orbit 

center and the prime focus to the semi-major axis. 

elevation - angular measurement of satellite above the 

horizontal plane. 
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tiSa °£ 112122. (oí tracking system) - space above the 
local horizontal plane of the tracker. It Is defined 

by the fact that elevation angle la positive. 

—-Qrdlnat£ 2Z212E - system with origin located 

at center of the earth. It may be either Inertial or 

nonlnertlal depending upon whether It partakes in 

earth diurnal rotation. 

inclination - the angle between the equatorial plane and 

the orbit plane, 

line of nodes - line of Intersection of the orbit plane 

and the earth equatorial plane. 

*l**ent8 - set of six constants which completely 
define an orbit. The six used In this paper are semi- 

major axis, eccentricity. Inclination, longitude of the 

ascending node, argument of perigee, and time of 

perigee passage. 

orbU parameters - see orbit elements. 

" Point In the elliptic orbit where the orbiting 

body most closely approaches the center of the earth. 

62£i2¿ (of orbit) - elapsed time between successive 

passage of the satellite through the same point. 

ritíÜ ascension of the agoendlng no^e - the angle between 

two lines intersecting at the center of the earth, one 

of them directed toward the vernal equinox and the 

other passing through the ascending node. 

—■^•*tU!! £S2*3S. * magnitude of radius vector for a true 
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anomaly of 90 degrees. 

semi-major axis - one half the sum of the apogee distance 

plus the perigee distance. It Is also the distance 

fiom the center of the ellipse to perigee (or apogee), 

topocentrlc coordinate system - system with origin at the 

radar tracking site. It Is a nonlnertlal system. 

ilHS anomaly - angle between geocentric position vector 

and radius vector through perigee. 
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