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lected by the SECOR-System are included in the report. These data are presented in a 
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Mr. Philip G. Lem who assisted in programming the calculation of the total electron 
content curves and to Dr. Eugene A. Margerum for scrutinizing various sections of the 
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THE PROPAGATION OF VERY SHORT RADIO WAVES THROUGH THE 

IONOSPHERE AND THE INVESTIGATION OF IONOSPHERIC MODELS 

I. INTRODUCTION 

1. General. This Research Note deals with propagation phenomena of very short 
radio waves in the ionosphere as they occur in radio links between earthbound stations 
and satellites. If the radio links are used to measure the distance between ground sta
tions and satellites, the effects of the ionosphere on the radio waves must he considered. 
The frequency range of the radio waves being addressed extends from about 200 MHz 
upwards. The behavior of the ionosphere with respect to frequencies below 200 MHz 
becomes increasingly complicated with decreasing frequency. For example, radio waves 
between 3 MHz and 30 MHz normally do not penetrate the ionosphere. Therefore, radio 
waves below 200 MHz are not suitable for distance measurements between satellites and 
ground stations. 

In this Research Note, it is shown how the propagation of radio waves is af
fected by the ionosphere and how radio range measurements have to he treated in order 
to obtain the geometrical distance between the terminals of the radio link. Radio waves 
of several frequencies (225 MHz, 420 MHz, 450 MHz, and 1600 MHz) are quantitatively 
discussed, because these frequencies relate to the Sequential Collation of Range (SECOR) 
System and tu-the-proposed Ddense Navigation Satellite-8-ystem_(IlNSS). _ 

Position determination by means of a navigation satellite system which em
ploys radio signals requires knowledge of the propagation of the signals through the 
ionosphere if the position error has to he kept small. This knowledge can he obtained 
if the electrical signals are transmitted on at least two different widely-spaced carrier 
frequencies. This method is used by the SECOR System. However, the Air Force is 
studying techniques to predict the significant properties of the ionosphere so that the 
expected range errors in System 621B can he predicted without using a dual-frequency 
system. System 621B has been proposed as a DNSS by the Air Force. Since (as will he 
shown) the delay of the signal caused by the ionosphere is inversely proportional to the 
square of the frequency, SECOR empirical data can be directly used to assess the mag
nitude of correction which must be applied to System 621B range measurements. 

2. SECOR System. The U.S. Army Corps of Engineers has established networks 
of accurate positions around the world by means of the Geodetic SECOR System. The 
SECOR System consists of four ground stations and a satellite. The ground stations 
transmit radio signals to the satellite which are returned to the ground stations. The 
time between the transmitted and returned signal is measured and used to calculate the 
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distance between ground station and satellite. Because of the altitude of the satellites, 
the radio signals travel through the ionosphere and experience a delay which must he 
considered in the distance calculation. By means of a dual-frequency capability which 
measures the traveling time at 224.5 MHz and 449 MHz, the signal delay in the iono
sphere is determined for the 449-MHz component. The signal delay is directly propor
tional to the total electron content (TEC) along the wave path. 

A dual-frequency capability requires about twice as much equipment as a 
single-frequency capability; it will he larger in size and weight, will need more power, 
and will he more expensive. It is, therefore, desirable to explore whether or not the 
significant properties of the ionosphere can he predicted with adequate accuracy. 

Since SECOR measurements have been performed at many different geograph
ic locations and over a period of about 6 years, a wealth of ionospheric data has been 
accumulated during the SECOR operation. Selections from these data are reported, 
evaluated, and discussed in this Research Note. These data also may he useful to other 
researchers. Furthermore, an attempt has been made to develop ionospheric models 
which have been used for calculating ionospheric data. The functional behavior of the 
calculated data (e.g., with respect to elevation angle) is similar to that measured by the 
SECOR System. 

II. STRUCTURE AND PROPERTIES OF THE IONOSPHERE 

3. Characteristics of the Atmosphere. The Earth is surrounded by an atmosphere 
-whi-ch-cunsists of a:bout99 percent nitrogen and oxygen. The rest is water vapor, carbon 
dioxide, inert gases, and other spurious components. There are two forces which main· 
tain the existence and basic structure of the atmosphere: (1) The gravitational field of 
the Earth, and (2) The thermal energy of the molecules in the atmosphere. Without a 
gravitational field, the atmosphere would he dispersed into space by diffusion of its 
molecules, and without the thermal energy of its molecules the atmosphere would settle 
down on the surface of the Earth. 

The structure of the atmosphere is roughly characterized by an exponential 
decrease of its number density (number of molecules per cubic meter) with height. 
Table I shows some characteristics of the atmosphere at different altitudes. The colli
sion frequency describes how often a molecule collides on the average with other mole
cules during I second. The mean free path is the average distance traveled by a molecule 
between collisions. Close to the earth, a molecule will collide several billion times per 
second; whereas, at a~ ~titude of 700 kilome~ers, a ?ollision occurs only about every 3 
minutes. The composition of the atmosphere is relatively constant up to 1000 kilome
ters. The percentage of the lighter components, such as helium and hydrogen, increases 
with altitude. 
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Table I. Some Characteristic Atmospheric Data 

Altitude Number Density Collision Frequency Mean Free Path 
(km) (m·J) (sec"1) (km) 

0 2.5xl025 7xl09 6.6xl0-8 

70 l.6xl021 3.6xl05 lx10·3 

400 2xl014 1.Sx10·1 8.6xl03 

700 5.7xl012 4.7x10·3 3xl05 

Due to the radiation from the Sun and outer space, a portion of the atmo
sphere is ionized. The ionization of a molecule is caused by its interaction with particles 
or light quanta of sufficient high energy. In the process of ionization, a molecule is nor
mally split into a positive ion and one or more negative electrons. Most of the ionization 
is accomplished by the ultraviolet radiation from the Sun. 

4. Atmospheric Ionization. In the lower portion of the atmosphere, only a few 
molecules are ionized. Starting at altitudes between 50 and 70 kilometers and above, a 
noticeable portion of the atmosphere is ionized. The zone of the atmosphere with no
ticeable ion content is called the ionosphere. The degree of ionization depends on alti
tude, time of the day, solar activity, geographical latitude, and other factors. The ratio 
of ions to neutral molecules is very small in the lower ionosphere. At high altitudes, 
however, this ratio is close to unity. 

The temperature of the atmosphere keeps the ions and electrons in the iono
sphere in a state of random motion. Because the mass of electrons is much smaller than 
the mass of the ions and neutral molecules, the electrons move much faster than ions 
and molecules. For that reason, the ionosphere can be considered as a gas of free elec
trons with respect to the slow moving ions and molecules. Since the number of ions 
and electrons is approximately equal, the ionosphere is, in general, electrically neutral 
without having appreciable space charge. Superimposed on the random motion of the 
electrons is an electron motion caused by the magnetic field of the Earth. An electron 
moving in a magnetic field moves in a helical path with the helix axis parallel to the mag
netic field lines. Ionization is counteracted by recombination of ions and electrons to 
form neutral molecules. The rate of recombination depends on how frequently electrons 
collide with ions. Free electrons of the ionosphere are also lost by attachment to neutral 
molecules to form negative ions. 

Because of the free electrons and ions, the ionosphere behaves like an electri
cal conductor. The conductivity is proportional to the number density of the free elec
trons and is frequency dependent. Electromagnetic waves of frequencies between 1 
MHz and 30 MHz arc reflected by the ionosphere similarly to the reflection at a metallic 
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surface. Thus, electromagnetic waves of this frequency range can be transmitted 
around the Earth in the space between the Earth's surface and ionosphere by being 
bounced at both boundaries. 

TI1t reflective propertie& of the ionosphere are used to investigate its struc
ture. This method is called radio sounding. These investigations led to a model for the 
ionosphere consisting of several layers. The D-layer is the lowest and lies between 80 
and 90 kilometers. This layer exists mainly during daytime and regresses during the 
night. The E-layer has its maximum electron density at a height of about 110 kilome
ters. The F-layer is located essentially between an altitude of 200 and 400 kilometers. 
The F-layer has two distinct regions during daytime: the F 1 -region and the F 

2 
-region. 

During the past decade, the ionosphere has also been investigated by instru
mentation carried on rockets and satellites. It is now possible to measure electron and 
ion densities directly with counters from the lower edge of the ionosphere to interplane
tary space. These measurements have also revealed the existence of appreciable electron 
densities well above 400 Km. 

III. PROPAGATION OF RADIO WAVES THROUGH THE IONOSPHERE 

-S. -Refractive-index. The propagation of an eiectromagnetic wave through a 
medium is determined by its refractive index. The refractive index is the ratio of the 
wave velocity in a vacuum to the wave velocity in the medium. Thus, by definition, the 
refractive index of a vacuum is unity. For all other media, the refractive index is a func
tion of the wave frequency and some. physical properties of the specific medium. The 
frequency-dependency of the refractive index is called dispersion. The propagation of 
an electromagnetic wave in a dispersive medium is characterized by the phase refractive 
index and the group refractive index. The phase refractive index np is derived from the 
velocity with which the phase (e.g., crest) of the wave propagates; while the group re
fractive index ng is derived from the velocity with which the energy (e.g., signal) of the 
wave propagates.* Phase refractive index and group refractive index are related to each 
other by the equation 

= + f dnp 
"g 0 P c df c (1) 

where fc =carrier frequency. 

*It should be noted ~hat in a~dition to !'1e phase ve~ocity and the group velocity there is also a signal velocity de
fined. Group ~eloc1ty and signal velocity are practically the same except in media which are highly absorptive for 
electromagnetic waves. . 
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The phase refractive index for the ionosphere has been derived by Appleton 
and Hartree. It is: 

x n~ = I - ~~~~~~~~-;::==:=:=::=:=::-

I - iZ - 1/2 Yi ± 1/4 y~ + y2 
1-X-iZ (1-X-iZ)2 L 

(2) 

where Y L is the component of the vector Y parallel to the propagation direction of the 
radio wave, and YT is the component of the vector Y perpendicular to the propagation 
direction of the radio wave. The components Y L and YT must satisfy the equation: 

In addition, X, Y, and Z are defined as follows: 

X= ez N 
4 2 -f2 

11' €0 me c 

z =-"-
211' fc ' 

where N = Electron number density (meter"3
) 

= Electron charge= 1.6022 x 10·19 (Coulomb) 
= Electric permittivity of free space= 10"9/36 11' (second x ohm"1 

me = Electron rest mass= 9.1096 x 10·31 (kilogram) 
x meter"1) 

µ
0 

= Magnetic permittivity of free space= 411' x 10·7 (ohm x second 
x metcr-1) 

H = Earth magnetic field strength ( oersted) 

(3) 

(4) 

(5) 

(6) 

v = Collision frequency of electrons with ions and molecules (second-1
) 

With these defined quantities, equations (4) and (5) can be rewritten as 

and 

x = 80.72 ~ 
f c 

Y = 2.80 x I 06 p respectively. 
c 
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The electron number densities vary over wide ranges and depend markedly on time of 
the day, season, sun-spot number, and whether or not the ionosphere is disturbed. Dur
ing the night, the recombination of ions and electrons to neutral molecules is predomi
nant and, therefore, the total number of electrons is significantly reduced. The recom
bination is more pronounced in the lower portion of the ionosphere than in the upper 
portion. Electron number densities of up to 1014 electrons per cubic meter have been 
reported for the D-lay'er during daytime, whereas the density during nighttime may he 
less than 109 electrons per cubic meter. In the E-layer, the densities vary somewhat be
tween 3 x 109 for the night and 3 x 1011 for the day. Typical densities in the F-layer 
are 1012 for the day and 1011 at night. These numbers indicate only rough approxima
tions of the order of magnitude. Variations of more than 100 percent are not uncommon. 

The field strength of the magnetic field varies with geographical location and 
altitude and does not exceed 0.8 oersted. 

The collision frequency v depends on molecule, ion, and electron densities 
and the plasma temperature. For an altitude of 100 kilometers and a temperature of 
300° kelvin, the collision frequency is about 4 x 104 per second. 

The estimated values for N, H, and v permit an assessment of their influence 
on the refractive inoex. ~able 2 shows X-vijlues for tl}ree frequencies and three electron 
number densities. 

f c 
(MHz) 

225 
450 

1600 

Table 2. X as a Function of f and N 

Electron Number Density (M-3
) 

109 1011 1013 

16 x 10-7 

4 x 15-7 

.3 x 10-1 

16 x 10-s 
4 x 10-s 
.3 x 10-s 

16 x 10-3 

4 x 10-3 

.3 x 10-3 

Table 3 shows Y-values for three frequencies and magnetic field strengths of 
0.2 oersted and 0.6 oersted. 

Table 3. Y as Function of f and H 

H Freguencr {MHzl 
( oerstedl 250 450 1600 

0.2 2.49 x 10-3 1.24 x 10-3 .35 x u-3 

0.6 7.47 x 10-3 3.73 x 10-3 1.05 x u-3 
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Table 4 shows Z-values for three frequencies and a collision frequency 
v= 4 x 104 Hz. 

v 
(Hz) 

4 x 104 

Table 4. Z as Function of f and v 

Frequency (MHz) 
225 450 

2.83 x 10-5 1.42 x 10-5 

1600 

0.40 x 10·5 

6. Appleton-Hartree Equation. For discussion of the Appleton-Hartree equation, 
it is convenient to rewrite equation (2) in the form 

with 

n2 = 1-X (a-i~) p 

1- - ± -=a;:___,_-=--=--AB v + -/ a2+b2 
R + Z2 2 

a= [ 1 - A
2
?z

2 
~v a+ rv T + 

BZ b 

(7) 

~ = - z -A2+fi ± Y 2( a + V a 2 +b 2 ) 

f1 -_AIL + V a+ r a2+b2 ]2 + [-z ---1lL + b T L A2+Z2- 2 A2+Z2-y2(a+~a2+b2)J 

A = 1 - X, B = 1/2 Y} , and C = Yl 
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Using the largest values for X, Y, Z from Tables 2, 3, and 4, the following results (Table 
5) are obtained. 

Table 5. Values for Appleton-Hartree Equation Parameters 

Variable 
fc (MHz) 

225 450 1600 

x 0.016 0.004 0.0003 
YL=YT 0.005 0.0025 0.0007 

z 0.000028 0.000014 0.000004 
A 0.984 0.996 0.9997 
B 0.000013 0.000003 0.000000 
c 0.000025 0.000006 0.000000 
AB 0.000013 0.000003 0.000000 
A2 0.968256 0.992016 0.999400 
B2 0.00000 0.000000 0.000000 
Z2 0.00000 0.000000 0.000000 

If all contributions smaller than 1 x 10"6 are neglected, it follows that for frequencies of 
~-MHz an<l above the Tollowing approximations may he used: 

a= C, h = 0, BIA= B, 

1-R ± {C 
a= ' 

(1-B ± {f,)2 + Z2 

and 

f3 = -Z 
(1-B± YC)2 +Z2 

Thus, a and f3 depend only on H and v. 

For a magnetic field strength H of 0.6 oersted and a collision frequency v of 
4 x 104 Hz, the values of a and f3 are calculated for the following frequencies: 

225 MHz: 

450 MHz: 

CX1 = 0.99501, 
'31 = 0.00003, 
CX1 = 0.99750, 
'31 = 0.00001, 
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a2 = 1.00501 
'32 = 0.00003 
a2 ' = 1.00250 
'32 = 0.00001 



1600 MHz:· 0'.1 = 0.99930, 
/31 = 0.00000, 

~ = 1.00070 
/32 = 0.00000 

For H = 0.2 oersted and 11 = 103 Hz, the imaginary value f3 is smaller than one 
part in 105 for all frequencies above 200 MHz. For the following frequencies, a is: 

225 MHz: 
450 MHz: 
1600 MHz: 

0'.1 = 0. 99752, 
0'.1 = 0.99876, 
0'.1 = 0.99965, 

0'.2 = 1.00250 
0'.2 = 1.00124 
0'.2 = 1.00035 

The contribution of f3 to np for all frequencies above 200 MHz is smaller than 
one part in 106• If the residual error of the phase refractive index should not exceed 
one part in 106, equation (7) may he written as: 

n = 1 - ax - a2 x2 
p 2 8 

(8) 

An examination of equation (8) shows that for frequencies of 1600 MHz and above the 
truncation of equation (8) to 

n = l-~ 
p 2 

(9j-

will not produce errors larger than one part in 106
• In the frequency range of 200 MHz 

to 1600 MHz, the application of equation (9) may result in residuals of few parts in 106• 

With X = 80. 73 N inserted in equation (9) it follows that 
f 2 
c 

np = 1-40.365 ~ 
c 

The application of equation ( 1) to equation ( 10) yields 

n =l+Ali 
g f2 

c 

with A= 40.365 ( M
3

2 ) 
Sec 

(10) 

(11) 

7. Traveling Time. The traveling time T of a signal through the ionosphere given 
by 
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r 

T=J_ j n dr 
c g 

0 

(11) 

0 

where c0 = vacuum wave velocity, and r = length of wave path through ionosphere. 
With ng = 1 + AN/f~ , equation (11) becomes 

(12) 

T0 would he the traveling time of the signal without the ionosphere or in vacuum and T 

is the time delay of the signal due to the ionosphere. The integral in equation (12) rep· 
resents the total electron content TEC along the wave path. Equation (12) shows that 
the delay time T decreases rapidly with increasing carrier frequency and that Tis propor
tional to TEC. If fc is sufficiently high, T can he neglected altogether. In most cases, 
for signals above 5 GHz, the ionosphere may he considered to he a vacuum. 

When a signal occupies a large bandwidth, one has to consider that the upper 
frequencies of the signal have a shorter traveling time than the lower frequencies. That 

_means_th_e_shape nf ihe_signal w_ilLbe Distorted by traveling through the ionosphere. In 
each case one has to investigate what distortion can he tolerated. 

IV. PRINCIPLES OF THE GEODETIC SECOR SYSTEM 

8. Satellites and Ground Stations. The geodetic SECOR system consists of four 
ground stations and an Earth-orbiting satellite. Each ground station contains a 420.9 
MHz transmitter, a dual-frequency receiver (224.5 MHz and 449 MHz), and data process
ing and recording equipment. The major portion of the satellite is a transponder which 
receives the signals from the ground stations (420.0 MHz) and returns them on two fre
quencies (224.5 MHz and 449 MHz). SECOR satellites have been launched in nearly 
circular polar orbits of about 900 kilometers and 3700 kilometers. 

Three ground stations are placed in known locations and the fourth station is 
put in an unknown location. Simultaneous range measurements from the three known 
ground stations to the satellite determine the positions of the satellite with respect to 
the known stations. Range measurements from at least three different satellite positions 
to the unknown station determine its position relative to the known station. 

Ranges from the ground stations to the satellite are measured in terms of the 
wavelengths of four ranging frequencies which extend from 286 Hz to 586 KHz. For 
reason of optimum modulation, all ranging frequencies, except the highest, appear as· 
difference frequencies of a frequency group between 548 KHz ·and 586 KHz. This 
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frequency group which carries the ranging signals is phase modulated on the uplink and 
the two downlink vhf carriers. Thus, the ranging frequencies exist as beat frequencies 
in the modulation of the carrier. The phases of the modulation, which are needed for 
the nonambiguous range calculation, propagate with the group velocity. Due to the 
narrow bandwidth, the selection of the carrier frequencies, and the small modulation 
index, the dispersive distortion of the SECOR signal is smaller than 1 part in 106

; and 
the group velocity is practically constant within the bandwidth. The propagation of 
the modulation having the beat frequency f b may be written as: 

u = u0 cos 21Tfb (t-T) , (13) 

where u
0 

is the amplitude, and T is the traveling time. The uplink carrier frequency of 
420.9 MHz is denoted as fc, the downlink carrier frequencies of 449 MHz and 224.5 
MHz are denoted as ooc and /3fc. The round-trip traveling time of the signal using fc, 
ooc, and equation (12) is: 

(14) 

and for the signal using f c and /3f c the traveling time is: 

T/3 = T +__A_ TEC + T0 + ~2 f2 TEC 
o cofc2 co,., c 

(15) 

The time difference, T13 - Ta= AT, which can be measured is: 

(
J_ - .l) TEC 
132 a2 

(16) 

The ionospheric signal delay of the 449 MHz downlink component with CJ./13 = 2 is then: 

T449:..: _A_ TEC = 
c a 2 f 2 

0 c 

AT = 1/3 AT 
a2 //32 -1 

For the uplink component (420.9 MHz), the ionospheric signal delay is: 

T420.9 = a 2 /3 AT= 0.3793 AT. 

(17) 

(18) 

The magnitudes Ta and AT are measured and magnetically recorded on tapes by the 
SECOR equipment. The magnetic tapes are processed by a computer which converts Ta 
into vacuum ranges r

0 
and AT into the ionospheric correction IC which are consequent

ly printed out. The true distance between satellite and station is r = r0 - IC. In order to 
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obtain TEC and T 449 , IC must be multiplied by certain factors in order to express it in 
the proper units. Thus, if IC is measured in meters, 

TEC = 4.673 x 1015 IC (electrons per meter2 ) (19) 

r 449 = 3.118 IC (nanoseconds) (20) 

The precision of the ionospheric measurements was determined by a collocation experi
ment. Two SECOR stations were placed at a distance of 257 meters on an installation 
at Herndon, Virginia, and were used to track the same satellite. Because the two stations 

· were so close together, the signals from each station travel through the same ionospheric 
region on their way to and from the satellite. The ionospheric delays measured by the 
two stations should, therefore, be identical. The standard deviation of the measured 
ionospheric delay can be determined from the residuals of the measurements of the two 
stations. 

V. EVALUATION OF IONOSPHERIC DATA 
MEASURED BY THE SECOR SYSTEM 

9. SECOR Geonetic Operation. Figure 1 shows-the first geodetic network 
(SECOR Pacific Network) of precise positions determined by the SECOR system. The 
network establishes a geodetic tie between Japan and the Hawaiian Islands. Most posi
tions are located in the tropical and semitropical zone. The orbital altitudes of the satel
lites used in this program were about 900 kilometers. The program for establishing this 
geodetic network was started in August 1964 and completed in July 1966. Figure 2 
shows the SECOR Equatorial Network. 

The stations shown in Fig. 1 are as follows: 

Location Number Station Location Location Number Station Location 

1 Okinawa 11 Manus 
2 Sasebo 12 Truk 
3 Kobe 13 Gizo 
4 Zama 14 Swallow 
5 Minami Daito Shima 15 Kusaie 
6 Iwo Jima 16 Tarawa 
7 Yap 17 Nan di 
8 Guam 18 Canton 
9 Marcus 19 Johnston 

10 Woleai 20 Maui 
21 Midway 
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Fig. 1. SECOR Pacif;c Network. 



The stations depicted in Fig. 2 correspond to the following listing: 

Location Number Station Location Location Number Station Location 

1 Midway 21 Ascension 
2 Cold Bay 22 Roberts Field 
3 Maui 23 Fort Lamy 
4 Christmas 24 Rota 
5 Pago Pago 25 Catania 
6 San Diego 26 Nicosia 
7 Moses Lake 27 Addis Ababa 
8 White Horse 28 Mashed 
9 Lynn Lake 29 Cha gos 

10 Worthington 30 Chiang Mai 
11 Austin 31 Singapore 
12 Fort Stewart 32 Hong Kong 
13 Herndon 33 Zamhoango 
14 Bermuda 34 Darwin 
15 Puerto Rico 35 Palau 
16 Panama 36 Guam 

_1_7 _paramariho 37 Manus 
18 Natal 38 Guadal Canal 
19 Azores 39 Wake 
20 Dakar 40 Shemya 

Table 6 describes the orbits of the satellites employed in the experiments. 

Table 6. Parameters of Satellite Orbits 

Satellite Perigee Apogee Mean Altitude 
(km) (km) (km) 

EGRS 3 906 943 925 
EGRS7 3688 3745 3717 
EGRS9 3801 3949 3875 
EGRS 13 1086 1123 nos 

Tables 7 through 10 show results from the collocation experiment using satel
lite EG RS 13. Tables 11 through 18 show an analysis of the data of Tables 7 through 10. 
In some cases, the mean error m, which should he zero, assumes appreciable values. This 
means that the stations were not exactly synchronized. The standard deviation a of all 
IC m~asurements in the collocation experiment was ±3 meters. 
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Table 7. Ionospheric Data from Satellite EGRS 13, Orbits 703 and 777 

Range Station 0 Station 4 
[km] IC [m] IC [m] 

--· ----
1902 152 154 102 104 

1763 140 142 98 97 
·--

1683 135 139 
---

1612 129 135 

1549 129 128 

1496 122 125 

1407 116 121 
---

1472 119 124 

95 --- ----9~-----1 

---t-i------·-

__ 8_8 ----+--- 86 -

-~--t----::---1 
-~-tt----~-r-~-----~ 

91 94 I --+--·---·' 1780 ~ . 94 -- 98 ; 

------tt--- .. ---- I 
l't 1846 101 

----;r-2-08-4--r-12-1·---+--1-l S----. 
2174 126 ---1---1-22·--I 

----f-Y-- --t---1-----·--I 
2269 133 130 

104 

1-------r--------1 --------tt---~-1-~------

_2_36_7_-+ __ 1_3'9--+ 

2469 143 
1----t------t----·--

2573 

139 

143 

149 153 I 
1------+-·-----·-1--------~+-----+- -·---;------------

• I - --·1· --------1 4--- 1 
1-+-~~~-=-t~ -~--r-1 -_ =--=11·---··--·---·---~ 
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Table 8. Ionospheric Data from Satellite EGRS 13, Orbits 797 and 803 

ORBIT: 797 LOCAL nr1E: 00.10 I ORBIT: 803 LOCAL TIME: 23.25 I i 
Range- station o Station 4 rRange Station 0 Station 4 -
[km) IC [m] IC [m] [km] IC [rn] IC [m] 

··-· --
1633 62 59 2189 79 72 

1536 63 59 2082 74 76 
-- -

1226 74 74 1978 73 74 

1178 77 76 1711 83 84 
--

1124 80 73 1337 93 93 

1217 88 78 1305 86 94 
-- --· - ---· 

1347 95 87 1329 88 97 
--· ---

1516 108 104 1392 93 96 1 

I 1612 116 114 T4UT gs-

r 
98 

1713 126 122 1463 98 l 01 

1818 133 126 1530 99 102 l 
I 

~·-·---
I 1605 104 109 

- - ·-
1688 109 112 

1777 112 121 
- -

1872 119 123 

1972 124 129 
--

-L 2075 129 136 
-

2182 139 145 
-

I 2292 145 153 

I 
·-· 

~ -
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Table 9. Ionospheric Data from Satellite EGRS 13, Orbits 884 and 897 

I 
-

ORB IT: 884 LOCAL TIME: 00.23 ORBIT:897 LOCAL TIME: 23.38 

Range Station 0 Station 4 Range 

I 
Station 0 Station 4 

[km] IC [m] IC [m] [km] IC [m] IC [m] 

--
1287 69 67 1617 87 88 

1218 

~ 
66 1528 81 86 -

1285 0 70 1446 80 86 

1335 72 72 1310 82 84 

1397 76 70 1220 81 74 

1469 76 74 1187 79 74 
--1550 77 76 1254 76 73 

- -1638 86 83 1366 82 80 
---1733 90 86 1438 87 87 

1833 97 95 1519 93 93 

1937 105 100 1608 100 100 

2045 115 112 1702 l li>7 111 
2156 122 122 1802 116 119 

2269 128 128 1907 126 128 
2385 138 133 2015 138 136 

2126 145 142 

2239 152 150 

-

J 
-

' 

- -
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Table 10. Ionospheric Data from Satellite EGRS 13, Orbits 984 and 997 

-·-·-· ... 

ORBIT: 984 LOCAL TIME: 10.49 I ORBIT: 997 LOCAL TIME: 10.07 

Range Station 0 Stat.ion 4. Range Station 0 Station 4 
[km] IC [m] IC [m] [km] IC [m] IC [m] 

1112 69 68 1892 103 98 --
1086 68 67 1796 96 95 ___ .. 

-
1173 69 72 1686 -k- 91 

1231 ·74 74 1634 91 88 

1302 77 79 1592 87 84 
-

1383 80 79 1537 80 80 

1472 90 ·83 1561 84 82 
- ·---

1568 94 88 1632 87 81 

I I 
I 

1669 95 93 1743 90 84 
-

1776 96 95 1889 90 88 
-

1886 99 101 1972 94 100 

1999 108 107 2060 101 102 
-

2115 111 115 2154 104 106 
-

2233 124 121 2252 107 113 
!---· -

2354 112 116 

2459 117 123 
-
2567 1 125 129 

J ·- ---- ··---· t 267~-I 132 
133 

- -

__ L=t_ ·-------
---
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Table 11. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 703 

5 
129 -3 

122 

I 6 
----t·---r--

116 

+l 

7 
+3 

_ti 119 . l-~-t--~-5--+--+_3 ___ 1 

__ 9 -+--_J_ _______ --+-----· 

__lO_i _J ______ ----------+------

' -~ - ··--- ---··-·-· ·-·-···--· _______ ! 

_J.?_-t-----r-----i------1---·---

~~--~ != - 1-- ±~-~=~~~-··=-+-=---===--
• ti , - J 

---+------~-~.:-------- +-----~~---~---

_, __ 6 _______ -t-1 _______ ----

17 -~--t-· -j--r--=-1 
1-1..§._,L__ I 
1_19 ___ L_ ------·---·-~-_, __ , 
Mean Error (m) = -3.3 meters 
Standard Deviation (a) = 2.4 meters 
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Table 12. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 777 

-~T5TA~ION--
··-1 -·-----

STATiON I o~-~L m - t:. 
4 

I -------
1 102 104 -2 l +1.7 --
2 98 97 +l -1.3 

-·--·- ,___ __ ----- ··-

3 95 95 0 -0.3 
-----· 

4 88 ~;86 I +2 
- ~------81----r--·93--·1,--~----·-

-2.3 

+l.7 
-·-----·-i--· - -·- ------· ; :~ :: __ t: ~--~~-

94 98 I -~ -t-~---'-I 

- 1
: l ~~~ :~: 1- :~---+-±L_ :::: --j 

11 126 ~~:_ ___ _t_~~~ -~=-· ··- ~- ~~: t-=I 
·--;;-·-~;33 130 I +3 __ J +:2_ __ 

B 

1? 
•..J 

139 139 0 I -o.3_·---·I 
__ 14_3·---i--1_4_3 ____ -~----L_-_o_. 3_i 14 

-4 -3.7 149 153 
15 --·--·------+-----+------·-...----------
16 
--~--1------1-------+-------r--·-------

Mean Error (m) = -0.3 meters 
Standard Deviation (o) = 2.5 meters 
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Table 13. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 797 

--- -- r--·-----..,- ------·-,----- -··------, 
11 STAl ION I STJl.TIOi': I 0 •· 4 = I in .• A 

o r 4 .\-- o I 

==l -. -_-_ 6-2 -, -~~= ---+~-=i~~~~l.-5= 
-:-- --;~ ::----[_:~--+-~:::-' 
--;-G, I 16 I ~-f--+3.5 __ _ 

~~1--=~- ~~: ~1=-:~o .--~:~ 

~-1- 1
1:1
8
6

5 

- ~1- ~~~_;:~I 
114 +2 +2.5 

g +-·----· --··-----·-----1--·-·-·---
l_lQ__ ~~- _122 ----i--~~-----~--~o~_5 ___ 1 

"!"I 133 126 I +7 I -2.5 I 
--- ---·-----+ .. ------··-·-.---. ·-·!--·· -· -···-···---·, 

L I I --------1 --~ l 
·1------1-------· 

--· --->-··----··--+-·-----

12 ------ l-- ·-
13 _j__ __ 

i4 

I 15 ---t-----r-- -·-··t ______ __t _____ _ 

16 ----------·--··---1-....,........---4-------
17 -- ---------,-·-·-----11------

1 I:;--==- --·t-=i 
·--

Mean Error (m) = 4.5 meters 
Standard Deviation (a)·= 3.0 meters 
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Table 14. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 803 

i-~~~iA-f!ON I STA~;~lii r~--::-:;-:-1-·m-~--~----, 

_;._-i---~-----!----~--r-~---1~----···--
l _1~-~--7!}_ ___ t-_ _7:?_ __ 1 __ __!_? __ i_:l~ 
__Ll--~-~-+-?_~_ --~-2-----+-----_1_,_~1 
.. _}_~ __ !}__II --· 74 -1 I -2.8 

-~-+-- ~~--1-·:;-- ___ :~-t-:::!-
-6 -+-~-6 -tr- -8 I --+4.-2 -

- 1-L!!- ~ 97 ~- -9 ~ --~--

~-8 __ 1 ____ .~3-- --~~-~ ~ I -0.8 _i 

1-1---~----~: I s~ I -3- ----~·--~~_:s--1 
!-l-~~-B~-1-~--+- ::-:: _I 

·12 
-.;~ 09 --112 -3---- - -0.8 

+5.2 

·----- --i 19 123 -·---4---r--+O. 2 
15 -- - ----· ·----

124 124 -5 +l .2 
16 

f-129-· 136 I -7 +3.2 

i--:~-,--- 139 1- ~~-~± __ ;--- :- -~2 __ .l 

J __ lj ___ .L. __ ~~=-· _1 ~- - -8 __ J_ ____ +4. 2 _ __I 

Mean Error (m) = -3.8 meters 
Standard Deviation ( o) = 3. 7 meters 
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Table 15. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 884 

r-~-lsTATIO;-r- Sl:~ION. -0 -=--;·=--r-·-:-_ 6 
I I - 0 4 IS 
-~-· - -- .. ··""--·--

• 1 _ 1 ~-- 67 +2 ___ _ +O. l 

2 64 66 -2 +4.1 -- - --- -------
3 70 70 0 +2.1 l_J 72 72 -·--;-i--:2.1-

~--;; ~ 70 --~·-+~= _;~9 -~ 
+2 +O. l _&_ __ 1~_7_6 _________ 74~--t 

7,_-111--_7_7 __ -+ __ 7_6 _-t-__ +_1 --·-+----+ 1-._l ---~' 
__ s ___ , ___ B_6 _________ B_3 ___ __,. ___ +_3 ____ ~---~~-' 

9 90 86 +4 -1.9 
--1-----.-----· 

'

-:, o21-_--+--,-::-_--1+-I~-,-::-__ - ...... _-_ _;_: _-_-J-_=_:;.:;_--:~. 
115 112 +3 -0.9 

__ 13 122 I 122 

. i4 128 128 

15 138 133 

Mean Error (m) = 2.1 meters 
Standard Deviation (a) = 2.2 meters 
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Table 16. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 897 

n_ · 1 STA~!ON-r~rlON. r 0 ~~ = ~-~-~ -~ ; -! 
_1 _L 87 88 --·- ______ :]_ _____ ,_ _______ , 

2 81 86 -5 

86 - :~_[. __ 

84 -2 L ------... ----...-i-------.. -- ------

3 80 
-

·i 82 

74 +6 I 
-·--------------r--------'-· 

74. I +5 I 
5 

I 
81 

6 79 
-· 

7 76 
- --,3! +3 =t·---1 

g ~ :: :; -+--~---f ---1 
-,-o-1 

1
:: --~~~---- ----

8 

11 =f. -·-----· -· ---r ---- --·----··I 
12 107 111 -4 I 

-·-·--+-----t------ -------·~----
13 116 119 -3 I 

=-:'--~~~+-1~-~:--~:-:------+=~1-1-::---1- -:-:----- r -=1 

16 ----~~-5--1-4-2 =r+3 r ----, 
17 152 -r~~--+~- ------1 
_J§__+--·---+------·+---------l------1 
_L~ __ J_ _____ _L_ ___ _J _____ . ____ ,_,_J _______ ..I 

Mean Error (m) = ±0.0 meters 
Standard Deviation ( o) = 3.3 meters 
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Table 17. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 984 

-n,~TATION STATI~~1- 0 - . 4 = -~ m - t:. 
I o 4 l~ 

~
-- - . ·-- -'--·---·-

·1 69 68 1 0 1 

,, I 68 67 -i--
+ - . 

·-· -i----· 

-~--j-69 72 --r 
4 1---- 74 I 74 T-

l- 5 r- 77 r19-+. 
_ 6 L_8o __ 79 __ ,__ 

. _7 __ -'- 90- 83 

~ 88 

+l -0.1 

-3 +3.9 
·-----

0 +0.9 
-· 

-2 +2.9 
---·-

+l -0.1 
-
+7 -6 .1 

+6 -5.1 
---1------- ·-·---- -

_L - :: _-J-93 gs -
io I 

+2 -1.1 ---
+1 -0.1 

·-·---·-·-r·--·· 

-2 +2.9 -·--r--- --
_.·-: ~-.-1--;1-_=1: - ~:i-J --- - ··-··---····- ~· ... ·--- .. ~---------

+l -0.1 
-----·-

13 L---~ 115 __j. __ _ 
124 121 t 

14 -- ---1 
-4 +4.9 

+3 -2 .1 
~ ·-·--

-----+ I ;:- --~----i-·-;-· -------t----L-
1~ -=F~= 

--,------
--· ·1-- -· 

'-~~ __ _j______ ··---- -· 

Mean Error (m) = 0.9 meters 
Standard Deviation ( o) = 3.0 meters 
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? 

Table 18. Residuals, Mean Error, and Standard Deviation 
of Ionospheric Data, Orbit 997 

STATION I srnno~ 4 ~---m-~---i 
0 . ~ t. --- ·--· ·-

103 98 +5 
J - -----

96 95 I +l 
----- ---· - ~-·-----

3 95 91 +4 
-------

4 91 88 +3 
---.-----II--

5 87 84 +3 
·-- ~-~--

6 
80 80 0 

-
84 82 +2 

7 

I 
-

87 81 +6 
8 -·- I I 90 I_ 84 +6 
~j-~~-j -aa I- +2 __ F ________ ,-
-- I . -1----·-- ---·-
1~11 I --1-:~ -- I ::: ---~;------,---------! I 12 __ _ _____ __! 

13 104 106 -2 ·-----

~ 14 J_l-o~- 113 -6 ---·---i 

~ :~- ~~--;--·--·-
::--! 13~ ~ -~--!.. --··-1 

_J_ -_____ J ____ . ______ ___I 

Mean Error (m) = 0.1 meters 
Standard Deviation (a)= 4.1 meters 
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Satellite orbits of about 3800 kilometers were used because of the large dis
tance between stations. The locations of the network reach from the tropical zone to 
near arctic latitudes. The program for establishing this geodetic network was initiated 
in July 1966 and completed in April 1970. 

10. IC Experiments. The _ionospheric signal delay (or ionospheric correction IC) 
can be recorded as a function of time, elevation angle, or distance from ground station 
to satellite. Figures 3 through 6 show, in the lower left, the ionospheric correction as 
a function of time as it is recorded directly by the SECOR System. The tracks were 
taken at the island of W oleai on different days and different times of day. The dotted 
line in the lower left graph is the IC multiplied by the factor r/h

8 
(r =distance from 

ground station to satellite, h8 =satellite altitude). The graph in the upper left of the 
figures shows the elevation angle (dotted line) and range as function of time. The right 
side of the figures shows the spacial direction from the ground station to the satellite in 
terms of elevation angle and azimuth over the period of a track. Figure 7 shows similar 
graphs for a track taken at the island of Truk. In this figure, the ionospheric delay time 
for 449 MHz and the total electron content TEC is plotted instead of the ionospheric 
correction IC. 

For ionospheric investigations, it is suitable to plot the ionospheric delay ver
sus the elevation angle. Since the SECOR printouts furnish ranges rather than elevation 
angles, the ranges have to be converted into elevation angles. Since SECOR satellites 
have nearly circular orbits, this can be done rather easily by using the relation 

_ • -1 I 2Rh+h
2 

-r2 I a-sm 2Rh (21) 

where a= elevation angle, R = radius of the Earth, h = satellite altitude, and r = distance 
from ground-station to satellite. Because h and R (R is used here as the distance from 
the Earth's center to the l~cation of the station on the surface of the Earth) are not 
strictly constants, a will contain a small error when equation (21) is used. The error is 
less than 1° for elevation angles up to 45°. In the vicinity of a= 90°, the conversion 
error may be as large as 8° if the mean altitude is used for h in equation (21). In cases 
where elevation angles were larger than 70°, best estimates for h were derived by analyz
ing the ranges rand the suborbital plots. It is believed that throughout this Research 
Note the conversion error for a never exceeds 3°. 

11. Ionospheric Data. The Symbols section defines the common terms used 
frequently in this report. Some characteristics of the satellites EGRS 3 EGRS 7 , , 
EGRS 9, and EGRS 13 are shown in Table 6. Table 1,_9 shows the conversion from the 
ionospheric correction IC, measured by SECOR, for 449 MHz to total electron content 
TEC and to the delay time T for 449 MHz and 1600 MHz. Table 20 provic\es 'some useful 
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Table 19. Conversion from IC to TEC and T 

IC 420/449 TEC x 10"17 
T449 T1600 

(meters) (electrons/ meter2 
) (nanoseconds) (nanoseconds) 

2n .98 62.4 4.9 

40 1.87 124.7 9.8 
60 2.80 187.1 14.7 

80 3.74 249.4 19.6 
100 4.67 311.8 24.6 
120 5.61 374.2 29.5 

I I 

140 6.54 436.5 34.4 
160 7.48 498.9 39.3 
180 8.41 561.2 44.2 
200 9.34 623.6 49.1 
220 10.28 686.0 54.0 
240 11.22 748.3 58.9 
260 12.15 810.7 63.8 
280 13;(}8 873.{} 68.8 
300 14.02 935.4 73.7 
320 14.95 997.8 78.6 
340 15.89 1060.1 83.5 
360 16.82 1122.5 88.4 
380 17.76 1184.8 93.3 
400 18.69 .1247.2 98.2 

information concerning the stations and locations which were included in the equatorial 
program. The station numbers refer to the individual SECOR stations. 

Tables 21 through 30 and Figs. 8 through 17 show ionospheric data obtained 
during the operation for establishing the geodetic tie between Japan and Hawaii. The 
tables represent data directly printed out by the SECOR system. The curves in the fig
ures exhibit the same data, but they are converted to elevation angles and delay times 
for 1600 MHz. The conversion was accomplished by means of an H-P 9810A calculator 
and an H-P 9862A calculator plotter. The satellite used during this operation was 
EGRS 3. 
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Table 20. Location of Stations in the Equatorial Network 

Location Station Longitude 
Location Number Number Latitude East Local Time 

Addis Ab.aha 27 3 8.77 39.00 2h 36m 
Ascensio~ 21 6 7.97 345.59 23h 02m 
Austin 11 6 30.23 262.25 17h 29m 
Azores 19 1 38.76 332.91 22h 12m 
Bermuda 14 2 32.36 295.34 19h 4lm 
Catania 25 4 37.44 15.04 lhOOm 
Chagos 29 1 7.35 72.47 4h50m 
Chiang Mai 30 4 18.77 98.97 6h 36m 
Christmas 4 llM 2.00 202.59 13h 30m 
Cold Bay 2 7 55.21 197.28 13h 09m 
Cyprus 26 2 35.19 33.26 2h 13m 
Dakar 20 5 14:74 342.52 22h 50m 
Darwin 34 9M - 12.45 130.82 8h43m 
Guadal Canal 38 9M 9.43 160.05 lOh 40m 
Guam 36 2 13.44 144.63 9h 39m 
Herndon 13 0 38.99 282.67 18h 5lm 
Hong Kong 32 6 22.12 114.23 7h37m 
Ft Lamy 23 8 12.13 15.03 lh OOm 
Lynn_ Lake 9 5 56.85 258.94 .17h 16m 
Manus 37 lOM 2.04 147.36 9h49m 
Mashed 28 7 36.24 59.63 3h59m 
Maui 3 lOM 20.83 203.53 13h 34m 
Midway 1 9M 28.21 182.63 12h llm 
Moses Lake 7 9 47.18 240.66 16h 03m 
Natal 18 3 5.92 324.83 2lh 39m 
Pago Pago 5 12M - 14.33 189.29 12h 37m 
Palau 35 llM 7.34 134.49 8h42m 
Panama 16 4 8.97 280.44 18h 42m 
Paramaribo 17 7 5.45 304.80 20h 19m 
Puerto Rico 15 3 18.49 292.85 19h 3lm 

San Diego 6 11 32.82 242.87 16h llm 
Shemya 40 13M 52.71 174.12 llh 36m 

Singapore 31 5M 1.37 104.00 6h56m 

Ft Stewart 12 8 31.92 278.43 18h 34m 

Wake 39 3 19.29 166.61 llh06m 
White Horse 8 1 60.73 224.92 15h OOm 

Worthington 10 10 43.65 .. 264.42 17h 38m 

Zamboango 33 8 6.92 122.07 8h08m 
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Table 21. Ionospheric Data from Satellite EGRS 3 (Orbit 4252) 

LOCAL Truk Woleai Manus Kusai 
TIME r [km] 1C fi·il r [km] lC fill r fkml lC [i-1] r [kml l c rr.1J 
11 . 21 1153 21 1044 28 1750 31 2209 43 

1059 19 lOn 24 1640 27 2145 40 
1029 18 114 24 1534 27 2088 36 
1069 16 12 4 24 1432 23 2038 37 
1113 20 1394 24 1336 22 1995 35 
1242 18 1482 25 1168 17 1911 35 
1322 18 1578 24 1100 16 l.944 36 
1411 21 1679 28 1044 15 
1507 22 1785 25 980 14 

' 1608 21 1894 26 1020 16 
1713 18 1907 28 1080 17 

Date: 11January1966 



Table 22. lnospheric Data from Satellite EGRS 3 (Orbit 4362) 

LOCAL Truk Woleai Manus I Kusaie 
TIME r [kml 1C fMl r rkml lC ff.11 r fkml lC ff.11 r f km] lC fMl 
18. 23 1070 41 1748 70 1806 69 1213 38 

1100 41 1787 70 1754 70 1170 37 
1140 43 1834 71 1711 68 1142 39 
1200 47 1889 71 1677 66 1129 39 
1270 48 1952 74 1653 68 1132 40 . 
1370 47 2040 77 1638 65 1158 34 
1460 47 2117 80 1639 66 1196 36 
1560 49 2199 83 1650 69 1248 39 

Date: 19 January 1966 



Table 23. Ionospheric Data from Satellite EGRS 3 (Orbit 5300) 

LOCAL Truk Swallow Kusaie Gi7o 
TIME r [kml 1 c r:.11 r [km] 'l c fnl r [km] lC [f.11 r [km] l c fMl -

0516:00 
:30 

17:00 2698 43 1449 28 2092 32 
:30 2487 31 1397 19 1918 38 

18:00 1045 58 2308 32 1376 23 1723 36 
:30 1153 73 2115 26 1328 24 1587 31 

19:00 1265 70 1993 23 1333 22 1441 32 
:30 1378 85 1832 22 1384 23 1312 35 

20:00 1513 77 1688 18 1476 27 1191 23 
:30 1697 80 1556 15 1095 16 

21:00 1859 76 1422 12 998 18 
:30 2042 68 1313 11 917 12 

I 22:00 2261 73 1242 10 939 10 
:30 1163 8 988 ll 

23:00 1124 9 1065 13 

Date: 26 March 1966 



Table 24. Ionospheric Data from Satellite EGRS 3 (Orbit 5355) 

LOCAL Truk Swallow Kusaie Gizo 
TIME r [km] 

I 
[kml 1C r;.il I r 1 c n.11 r fkml 1 c Ull r fkml lC [r.11 

. 0409: 00 I 2908 32 1390 27 
:30 

10:00 2553 22 1144 16 2204 21 
:30 

11:00 1286 31 2194 22 1052 13 1861 19 
:30 

12:00 1463 17 1822 20 l 061 12 1573 18 
:30 

13:00 1771 22 1496 26 1257 14 1318 17 
:30 

14:00 2047 23 1231 17 1517 18 1195 17 
:30 

15:00 2376 18 1025 13 1792 17 1182 16 
:30 

16:00 2738 33 977 12 2134 22 1276 18 

Date: 29 March 1966 



Table 25. Ionospheric Data from SatelHte EGRS 3 (Orbit 5469) 

LOCAL Homestead Fort Hunter Greenville I Herndon 
I 

TIME r [km] 1 c n.11 r [km] lC fill . r [km] 1 c [r.11 r [km] lC fMl -
1709:00 

:30 1223 64 2324 81 
10:00 1706 77 1628 57 1127 59 

:30 1640 71 1021 52 2086 69 
11:00 1619 68 1421 43 957 47 

:30 1668 67 1452 39 901 44 1783 46 
12:00 1329 38 1701 45 

:30 965 46 1500 31 
13:00 1337 38 1054 48 1442 25 

:30 2042 75 1401 32 1347 21 
14:00 1503 28 1306 56 1285 19 

I :30 2223 85 1605 36 1458 61 1143 13 
15:00 

:30 2315 92 1842 47 1822 72 
16:00 1978 48 1401 22 

:30 2153 83 
17:00 2297 56 2309 87 1582 26 

Date: 6 April 1966 



Table 26. Ionospheric Data from Satellite EGRS 3 (Orbit 5645) 

.· 

I LOCAL Truk Swallow Kusaie Gizo 
TIME r [km] 1C f;-11 r [km] i c rn1 r [km] lC [ill r [km] lC fM] -

2328:00 
:30 1015 42 

29:00 981 37 3095 128 1973 62 2234 117 
:30 993 36 2983 83 1884 81 2063 86 

30:00 2714 56 1808 96 1887 67 
:30 1108 43 z~22 45 1792 101 1724 49 

31:00 1200 47 2387 33 1785 112 1575 44 
:30 1325 57 2248 21 1801 108 1428 38 

32:00 1468 64 2131 19 1859 107 1304 26 
:30 1609 73 2014 17 1927 106 1187 18 ' 

33:00 1773 79 1908 10 2009 100 1092 16 
:30 1932 83 1822 8 2115 96 1016 15 

34:00 2114 85 1734 10 2201 92 983 17 
:30 2320 81 1675 12 2334 83 998 12 

35:00 2525 69 1622 11 2437 78 1064 14 

Date: 19 April 1966 



Table 27. Ionospheric Data from Satellite EGRS 3 (Orbit 5686) 

I 

LOCAL Truk Swallow Kusaie I 
Gi·M 

TIME r [kml IC n.11 r [km] l c ff.11 r [km] lC [Ml r [km] 1 C fM] _ 

2311:00 
:30 1258 69 2981 80 1374 58 

12:00 1219 63 1279 62 
:30 2649 64 1162 58 2164 85 13:00 1240 64 2442 44 1081 48 2101 74 :30 1302 52 2253 44 1023 45 14:00 1403 52 2076 42 961 43 1793 46 :30 1506 46 1907 38 1005 38 1702 43 15:00 1623 52 1723 34 1082 45 1453 36 :30 1731 50 1504 27 1401 40 16:00 1903 66 1421 21 1279 49 1308 36 :30 2054 58 1283 14 1408 48 1242 34 I 17:00 2208 60 1161 12 1551 51 1201 33 :30 2382 62 1701 52 1203 30 18:00 2526 64 1009 13 1882 66 1243 34 :30 2703 65 972 8 1951 72 1303 36 19:00 2801 67 961 6 1351 40 

Date: 22 April 1966 



Table 28. Ionospheric Data from Satellite EGRS 3 (Orbit 5720) 

LOCAL Truk Swallow Kusaie Giza 
TIME r [km] IC n.11 rkm] 1 c [f.l] r [kml [r.n r fkml i c rrn r lC 

- -· 
00:08 1875 107 1432 54 1502 87 1085 53 

1803 106 1483 55 1398 80 1158 58 
1737 99 1544 61 1300 77 1241 63 
1680 96 1614 64 1209 77 1333 70 
1631 95 1692 71 1127 63 1432 68 
1593 95 1777 75 1056 62 1536 79 
1565 93 1867 82 998 60 1645 83 
1544 90 2011 97 927 58 1814 100 
1556 92 2112 105 1924 112 

2216 120 2048 124 

Date: 25 April 1966 



Table 29. Ionospheric Data from Satellite EGRS 3 (Orbit 5928) 

LOCAL Truk Swallow Kusaie l Gizo 
TIME r [km] 1 c r~.n r fkml l c fj jl r fkml l c [r.11 r fkml lC fMl -

2048:00 
:30 

49:00 1888 76 1277 35 
:30 

50:00 1667 64 2433 120 1053 27 
:30 

51:00 2117 95 1523 51 2076 109 959 26 
:30 

52:00 1813 74 1615 57 1739 97 993 34 
:30 

53:00 1559 65 1756 69 1462 86 1162 45 
:30 

54:00 1318 56 1929 97 1158 75 1461 62 
:30 

55:00 1295 60 • 2151 117 1049 63 1745 83 
:30 

' 
56:00 1323 65 2455 146 1045 65 2151 108 

:30 
57:00 1498 70 2721 159 1157 74 2558 142 

:30 
58:00 1703 74 1448 89 2851 171 

:30 
59:00 

Date: 9 May 1966 



Table 30. Ionospheric Data from Satellite EGRS 3 (Orbit 6066) 

LOCAL Truk Swallow Kusaie Giza 
TIME r [km] [k111] 

-, 
r [km] r [km] lC fMl _ 1 c r:·il r 1 c fi.fl lC [Ml 

. 0554: 00 1956 13 1287 17 
:30 I 55:00 2316 24 1813 12 1094 13 
:30 

56:00 1985 17 1762 9 1003 9 
:30 

57:00 1693 12 1787 11 1728 37 1087 10 
:30 

58:00 1404 14 1893 10 1463 23 1296 11 
:30 

59:00 1239 15 2101 9 1237 17 1339 10 
:30 

0600:00 1168 10 2336 11 1126 16 1884 10 
:30 

01:00 1227 11 2592 18 1133 17 
:30 

02:00 1408 19 2824 24 1321 25 

Date: 19 May 1966 
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Tables 31 and 32 give lists of four- and five-station tracks with the satellites 
EGRS 7 and EGRS 9, respectively. The lists contain the orbit number, UT time, station 
location, and local time. The local time was calculated from the UT time of the track 
and the geographical longitude of the station. 

Tables A-1 through A-98 (Appendix A) and Figs. B-1 through B-98 (Appen
dix B) show ionospheric data measured during the equatorial belt operation. Figures 18 
through 21 show ionospheric data obtained during the collocation experiment. 

All ionospheric and range data reported in this Research Note were directly 
taken from SECOR measurements. No attempt was made to smooth the data or to 
treat them statistically. ·The ranges were rounded off to the nearest kilometer and the 
IC values rounded to the nearest meter. The independent variable of the tables is the 
time UT. The time intervals are 20 seconds or 30 seconds. There are tracks where, 
during some portions of the tracks, no range and ionospheric data are reported. During 
these periods, the SECOR receiver did not lock onto the signal and, therefore, the print
outs were erratic and without meaning. 

-12. Values-for NT. Figures 22-through 32 sh-ow tliumal curves of NT. In most 
cases, NT is not directly measured but is extrapolated. Only in cases where the satellite 
passes directly over the station can NT be measured. The extrapolation of NT was ac
complished by taking the TEC value at the maximum observed elevation angle (or mini
mum range) and multiplying it by h/r. This extrapolation method assumes that the elec
tron distribution of the ionosphere in the angular vicinity of the zenith of the station is 
a function of height only. In order to keep the extrapolation error small, only elevation 
angles larger than 70° were considered. Values of NT, gathered between September 
1965 and January 1966 on the islands of Yap, Guam, Woleai, Truk, and Manus, are 
within the shaded region shown in Fig. 24. 

The data shown in Figs. 22 through 32 are not truly diurnal curves; that is to' 
say, the data were not collected within one 24-hour period but rather over a period of 
several months. The satellites orbiting the earth, with an orbital period of about 90 
minutes for low-altitude satellites and about 180 minutes for high-altitude satellites, 
generally can be observed by a ground station only twice a day. The time of day when 
the satellite can be observed changes only slightly for consecutive days because the pre
cession of the satellite is slow. Therefore, in order to obtain NT data reasonably well 
distributed over a 24-hour time period, observations have to be taken at the same loca
tion for several months. All curves shown in Figs. 22 through 32 exhibit the same char
acteristic. A minimum is always observed shortly before sunrise, and a maximum exists 
shortly after noon. The absolute values of the minima are essentially independent of · 
the geographical coordinates and the time of year, whereas the maxima of the diurnal 
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Table 31. Tracking of Satellite EGRS 7 

Orbit No. Date UT Station/LT Station/LT Station/LT Station/LT 

2106 21 Apr67 0338 Maui 17:12 Whitehorse 18:;38 San Diego 19:49 Cold Bay 16:47 

2445 31May67 1421 Maui 03:55 Whitehorse 05:121 San Diego 06:32 Cold Bay 03:30 

2462 2Jun 67 1342 Maui 03:16 Whitehorse 04:42 San Diego 05:53 Cold Bay 02:51 

2488 5Jun 67 1433 Maui 04:07 Whitehorse 05:;33 San Diego 06:44 Cold Bay 03:42 

2509 8Jun 67 0144 Cold Bay 14:53 Whitehorse 16:44 San Diego 17:55 Lynn Lake 19:00 

2594 17 Jun 67 2323 Cold Bay 12:32 Whitehorse 14:~3 San Diego 15:34 Lynn Lake 16:39 

2616 20Jun 67 1210 Cold Bay 01:19 Whitehorse 03:10 San Diego 04:21 Lynn Lake 05:26 

2642 23Jun 67 1300 Cold Bay 02:09 Whitehorse 04:po San Diego 05:11 Lynn Lake 06:16 

2649 24Jun 67 0830 Lynn Lake 01:46 Moses Lake 00:33 
I 

Worthington 02:08 San Diego 00:41 

2667 26Jun 67 1048 Lynn Lake 04:04 Moses Lake 02:pl Worthington 04:26 San Diego 02:59 



Table 32. Tracking of Satellite EGRS-9 

Orbit N11. Date UT Station/LT Station/LT Station/LT Station/LT Station/LT 
358 11 Aug 67 1605 Whitehorse 7.05 t-!oses Lake 8.08 Worthington 9.43 Lynn Lake 9.21 
367 12 Aug 67 1758 Whitehorse 8.58 •loses Lake ·10.01 Worthington 11.36 Lynn Lake 11.14 
396 16 Aug 67 0432 Whitehorse .19.32 4oses Lake 20.35 Worthington 22.10 Lynn Lake 21.48 
405 17 Aug 67 0622 Whitehorse 21.22 t-!oses lake 22.25 Worthington 24.00 Lynn lake 23.38 
437 21 Aug 67 0200 Puerto Rico 21.31 !Fort Stewart 20.34 Jiemtlon 20.51 Bermuda 21.41 
466 24 Aug 67 1408 Puerto Rico 9.39 !Fort Stewart 8.42 ~erntlon 8.59 Bermuda 9.49 
474 25 Aug 67 1305 Puerto Rico 8.36 Fort Stewart 7.39 ~erntlon 7.56 Bermuda 8.46 
482 26 Aug67 1204 Puerto Rico 7.35 Fort Stewart 6.38 liernldon 6.55 Bermuda 7.45 
641 14 Sep 67 1222 Bermuda 8.03 Fort Stewart 6.56 Worthington 6.00 Herr1don 7 .13 
666 17 Sep 67 1210 Bermuda 7 .51 Fort Stewart 6.44 Worthington 5.48 Herndon 7 .01 
682 19 Sep 67 1255 Bermuda 8.36 Fort Stewart 7.29 Wor:thington 6.33 Herndon 7.46 
690 21 Sep 67 1150 Bermuda 7 .31 Fort Stewart 6.24 Worthington 5.28 Herndon 6.41 
823 6 Oct 67 0935 Azores 7.47 Paramaribo 5.54 Bermuda 5.16 Panama 4.17 
865 11 Oct 67 1006 Paramaribo 6.25 ~us tin 3.35 Bermuda 5.47 Panama 4.48 
895 114 Oct 67 2305 Panama 17.47 11\usti n 16.34 Bermuda 18.46 Worthington 16.43 
912 jl60ct67 2353 Panama 18.35 V\ustin 17 .22 Bermuda 19.34 Worthington 17 .31 
945 20 Oct 67 2235 Panama 17.17 V\ustin 16.04 Bermuda 18.16 Worthington 16.13 
957 22 Oct 67 

' 
1004 Panama 4.46 V\ustin 3.33 !Bermuda 5.45 Worthi n9ton 3.42 

1057 2 Nov 67 0906 Paramaribo 5.25 ~us tin 2.35 Bermuda 4.47 Panama 3.48 
1074 4 Nov 67 0952 Paramaribo 6.11 !Austin 3.21 'BermlJda 5.33 Panama 4.34 
1115 10 Nov 67 0730 Azores 5.42 Paramaribo 3.49 Bermuda 3.11 Panama 2.12 
1178 17 Nov 67 1911 I Azores 17 .23 Paramaribo 15.30 Bermuda 14.52 Panama 13.53 
1182 18 Nov 67 0743 ('°m 5.55 Paramaribo 4.02 •Bermuda 3.24 Panama 2.25 
1203 

1 
20 N0v 67 1856 Dakar 17 .46 11\zores 17.08 Paratnari bo 15.15 Bermuda 14.37 

1235 24 Nov 67 1740 Dakdr 16.30 11\zores 15.52 Paramaribo 13.59 Bermuda 13.21 
1261 27 Nov 67 1723 Dakar 16.13 !Azores 15.35 Paramaribo 13.42 Bermuda 13.04 
1273 29 Nov 67 

.i 
0459 'Dakar 3.49 fzorcs 3.11 Pararnari bo 1.18 Bermuda 0.40 

1466 22 Dec 67 0401 Ascension 3.03 ' aramaribo 0.20 Natal l.40 Dakar 2.51 



Table 32 (cont'd) 

Orbit No Date UT Station/LT Station/LT Station/LT Station/LT Station/l T 

1596 6 Jan 68 1554 Natal 13.33 Paramaribo 12.13 Dakar 14.44 Azores 14.06 
1608 8 Jan 68 0330 latal 1.09 Paramaribo 23.49 Dakar 2.20 Azores l.42 
1620 9 Jan 68 1526 Ascension 14.28 Paramaribo 11.45 Natal 13.05 Dakar 14.16 
1636 11 Jan 68 1320 Ascension 12.22 Paramaribo 9.39 Natal 10.59 Dakar 12.10 
1645 12 Jan 68 1523 Natal 13.02 Paramaribo 11.42 Dakar 14.13 Azores 13.35 
1653 13 Jan 68 1408 ~scension 13.10 Paramaribo 10.27 Natal 11.47 Dakar 12.58 

2186 17 Mar 68 0741 Fort Lamy 8.41 Ascension 6.43 Natal 5.20 Dakar 6.31 
2191 17 Mar 68 2032 Fort Lamy 21.32 Ascension 19.34 Natal 18.11 Dakar 19.22 
2203 19 Mar 68 0827 Fort Lamy 9.27 Ascension 7.29 Natal 6.06 Dakar 7 .17 
2211 20 Mar 68 0725 Fort Lamy 8.25 Ascension 6.27 Natal 5.04 Dakar 6.15 

3004 23 Jun 68 0018 Dakar 23.08 Catania l.18 Fort L,amy 1.18 Cyprus 2.31 
3071 1 Jul 68 0035 Dakar 23.25 Catania 1,35 fort L,amy l.35 Cyprus 2.48 
3437 13 Aug 68 0830 Fort Lamy 9.30 Cyprus 10.43 Catania 9.30 Addis Ababa l 1.06 Mashed 12.29 
3445 14 Aug 68 0726 Fort Lamy 8.26 Cyprus 9.39 Catania 8.26 Addis Ababa 10.02 
3454 15 Aug 68 0920 Fort Lamy 10.20 Cyprus 11.33 Catania 10.20 Addis Ababa 11.56 
3462 16 Aug 68 0808 Fort Lamy 9.08 Cyprus 10.21 Catania 9.ro Addis Ababa 10.44 Mashed 12.07 
3470 17 Aug 68 0710 Fort Lamy 8.10 Cyprus 9.23 Catania 8.10 Addis Ababa 9.46 Mashed 11.09 
4885 2 Feb 69 1733 Singapore 0.29 Mashed 21.32 Chiang Mai 0.09 Cha gos 22.23 Addis Ababa 20.09 
4910 5 Feb 69 1716 Singap0re 0.12 Mashed 21.15 Chiang Mai 23.52 Cha gos 22.06 Addis Ababa 19.52 
4918 6 ~.eb 69 1613 Chiang Mai 22.49 Hong Kong 23.50 Cha gos 21.03 Singapore 23.09 
4935 8 Feb 69 1701 Singapore 23.57 Hashed 21.00 Chiang Mai 23.37 Cha gos 21.51 Addis Ababa 19.37 
4943 9 Feb 69 1558 !Chiang Mdi 22.34 Hong Kong 23.35 Cha gos 20.48 Singapore 22.54 Zamtoango 0.06 
4968 12 Feb 69 1543 Chiang Mai 22.19 llong Kong 23.20 Cha gos 20.33 Singapore 22.39 
4976 13 Feb 69 1446 Chiang Ila i 21.22 Hong Kong 22.23 Cha gos 19.36 Singapore 21.42 
5108 l Mar 69 0527 Cha gos 10.17 I Mashed 9.26 Addis ,Ababa 8.03 Cyprus 7.40 
5141 5Mar 69 

I 
0412 Cyprus 6.25 Mashed 8.11 Chiang' Mai 10.48 Cha gos 9.02 Addis Ababa 6.48 

5153 I 6 Mar 69 1548 Cha gos 20.38 Mashed 19.47 Addis Ababa 18.24 Cyprus 18.01 Chiang Mai 22.24 
5166 8 Mar 69 0400 Cha OS 8.50 Mashed 7.59 Addis 'Ababa 6.36 Cyprus 6.13 Chiang Mai 10.36 g 



°' 0 

Orbit No 
54g7 
553g 
5564 
5572 
5864 
5873 
5922 
5g3g 
6194 
6214 
6227 
6377 
6521 
6544 
6556 
6647 
7045 
7053 
7078 
7103 
7145 
7153 
7156 
7207 
7219 
7626 
7702 
7711 
7736 
7807 
784g 
7g11 

Date 
16 Apr 5g 
21 Apr 5g 
24 Apr 6g 
25 Apr 5g 
30 May 6g 
31 May 5g 
6 Jun 5g 
8 Jun 5g 
g Jul 5g 

10 Jul 6g 
13 Jul 69 
23 Jul 5g 
17 Aug 5g 
lg Aug 69 
21 Aug 69 
l Sep 6g 

18 Oct 5g 
19 Oct 5g 
22 Oct 69 
25 Oct 6g 
31 Oct 5g 
l Nov 5g 
2 Nov 5g 
7 Nov 6g 
8 ii!JV' 6g 

27 Dec 5g 
5 Jan 70 
6 Jan 70 
g Jan 70 

17 Jan 70 
22 Jan 70 
2g Jan 70 

UT Station/LT 
202g Manus 6.18 
2001 Manus 5.50 
2041 Manus 6.30 
lg42 Manus 5.31 
1740 Wake 4.46 
1645 Guam 2.24 
1610 Wake 3.16 
1653 Wake 3.5g 
0306 Guam 12.45 
135g Wake l.05 
0147 Guam 11.26 
001g Guam g,58 
1000 Guam lg.3g 
232g Guam g.08 
1126 Guam 21.05 
0835 Guam 18.14 
1823 Pago ~ago l.00 
1713 Pago Pago 5.50 
1657 Pago Pago 5.34 
1640 Pago Pago 5.17 
1714 Pago Pago 5.51 
1613 Pago Pago 4.50 
0510 Pago Pago 17.47 
0442 I Pago Pago 17 .19 
1630 I Pago Pago 5.07 
1106 Christmas 0.36 
1022 Wake 21.28 
1216 I Wake 1200 23.06 
2227 I Wake g,33 
2310 Christmas 12.40 
1005 Christmas 23.35 

Table 32 (cont'd) 

Station/LT Station/LT Station/LT Station/LT 
Singapore 3.25 I Zambtlango 4.37 Darwin 5.12 
Singapore 2.57 Zambtlango 4.og Darwin 4.44 
Singapore 3.37 Zambclango 4.4g Darwin 5.24 Guam 6.20 
Singapore 2.38 Zambclango 3.50 Darwin 4.25 Guam 5.21 
Guam 3. lg Hong Kong l.17 Manus 3.2g Zamboango l.48 
Zamboango 0.53 Manus 2.34 Hong Kong 0.22 
Guam l.4g Hong Kong 23.47 Manus ].5g Zamboango 0.18 
Guam 2.32 Hong Kong 0.30 Manus 2.42 Zamboango l.Ol 
Zamboango 11.14 Manus 12.55 Palau 11.48 
Guam 23.38 Hanus 23.48 Zamboango 22.07 Palau 22.41 
Zamboango g.55 Manus 11.36 Palau lo.2g Wake 12.53 
Zarnboango 8.27 Manus 10.08 Palau g.01 Wake 11.25 
Wake 21.06 Manus lg.4g Guadal Canal 20.40 
Wake 10.30 Manus g.13 Guadal Canal 10.og 
Wake 22.32 Manus 21.15 Guadal Canal 22;06 
Wake 19.41 Manus 18.24 Guadal Canal 1g.15 
Wake 5.2g Guam 4.02 Guadal Canal 5.03 
Wake 4. lg Guam 2.52 Guadal Canal 3.53 
Wake 4.03 Guam 2.36 Guadal Canal 3.37 
Wake 3.46 Guam 2. Jg Guadal Canal 3.20 
Wake 4.20 Guadal Canal 3.54 Christmas 6.44 
Wake 3, Jg Guadal Canal 2.53 Christmas 5.43 Hauf 5.47 
Wake 16.16 Guadal Canal 15.50 Chrf stmas 18.40 
Wake 15.48 Guadal Canal 15.22 Christmas 18.12 
Wake 3.36 Christmas 6.00 Maui 6.04 
Wake 22.12 Midway 23.17 Maui 0.40 Shem ya 22.42 
Maui 23.56 Midway 22.33 Christmas 23.52 
Wake 23.72 Midway 0.27 Maui 1.50 Shemya 23.52 
Maui 1.34 Midway 0.11 Christmas l.30 Shemya 23.36 
Maui 12.01 Midway 10.38 Christmas 11.57 
Wake 10.16 Midway 11.21 Maui 12.44 Shemya 10.46 
Wake 21. 11 Midway 22.16 Maui 23.3g Shemya 21.41 
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curves vary considerably with geographic location and season of the year. The maxima 
of the diurnal curves are much higher in the Tropical Zone than in other areas. 

It is also of interest to investigate whether or not local inhomogeneities of the 
ionosphere contribute to the noisiness of the measured curves. The noisiness of the 
curves was analyzed with respect to elevation angle, time of day, geographic location, 
and season. No correlation between these parameters and the noisiness was found. It 
can, therefore, be concluded that the noise contribution due to the ionosphere is smaller 
than the noise contribution caused by the equipment. There are reports of scintillations 
and short-term fluctuations of radio signals penetrating the ionosphere. These noiselike 
variations refer to the signal strength and should not be confused with the noiselike vari
ation of the delay time of the signal through the ionosphere. There is a possibility that 
very short variations in delay time cannot be detected by the SECOR receiver because 
of the slow response of its tracking filter. 

VI. CALCULATION OF THE TOTAL ELECTRON CONTENT 
FROM IONOSPHERIC MODELS 

13. Discussion of Ionospheric Model. Models of the ionosphere have been devel
oped in the past primarily for the purpose of predicting the reliability of shortwave com
munication links. The models discussed in this Research Note are intended to provide a 
_capability _for calculating ionospheric delay cur¥es which would he similar to those 
curves actually measured with the SECOR system. 

' 
It is frequently suggested that the ionosphere may be assumed to be a strati-

fied medium in which the electron number density is a function of altitude. An exami
nation of the measured curves displayed in this Research Note indicates that in addition 
to the altitude variation of the electron density, a variation with latitude and longitude 
must be included. Without latitude and longitude variation, all curves would be sym
metrical with respect to the maximum elevation angle, a fact which is definitely incom
patible with observation. 

For the ionospheric models discussed in this section, the following assump
tions are made: ( 1) The ionosphere starts at a lower limit and ends at an upper limit; 
(2) The electron number density is a product of three functions, namely, a function of 
altitude, a function of latitude, and a function of longitude; (3) The electron number 
density of the ionosphere is not a function of time during the period of observation. 
Assumption (1) may be nearly true with respect to the lower limit of the ionosphere, 
but there is no discrete upper limit of the ionosphere. It can, however, be argued that 
the contribution to the total electro!! content is negligibly small from a certain altitude. 
Assumption (2) still includes the concept of stratified layers with the modification that 
the density within the layers varies with latitude and longitude. This ~ssumption 
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excludes the possibility of describing strongly localized inhomogeneities in the iono
sphere. Assumption (3) may he approximately true for observation times less than 30 
minutes. 

Note: In the following equations, refer to the list of Symbols for a definition of the 
terms used. 

It is convenient to use in place of the geographic coordinates ¢ and A the co
ordinates w and 1/1. The conversion from w to ¢ and I/I to A is accomplished by the 
relations 

(22) 

(23) 

The electron number densitv N is then 

N = u(l/I) v(w) w(h) (24) 

The following relations can he derived from Fig. 33 and the list of Symbols: 

cos ws cos I/JS· - R/R+hs 
a = tan· 1 

y sin2 ws +cos2 wssin2 1/18 

_ t _1 cosl/18 - R/R+hs 
amax - an 

sin 1/18 

- -1 R wmax - cos -----'~--
(R+h) sin I/ls 

From Figs. 34 and 35, the following relations can he derived: 

0 = sin"1 
{ ~ ( (R2 sin2 + 2Rh + h2 )Yi - R sina]} 

H R+h a H H 
H 

Ar = Rcosa [tan (a+O+AO) - tan (a+O)] 
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Fig. 33. Geometry of satellite and ground observer with respect to center of the Earth. 
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h = R [ COSO'. - 1] 
cos(a+O) 

'/I = cos·• I 
w =cos·• I Rcos2a + sina [ 1 -

R+h _ 
cos i,/J 

The total electron content along the direction a can then be written as 

hH 

(31) 

(32) 

(33) 

TECa = ~ u(i.J;) v(w) w(h) ~r (34) 

hL 
A computer program was written to calculate TECO'. on a UNIV AC 1108 computer. 

14. Calculation of TEC. Various functions ~f u(i,/;), v(w), and w(h) were tested 
for the cakulation of TECa, and some of the results are reported in this Research Note. 
An altitude function w(h) was selected which shows some characteristics of the layer 
model of the ionosphere, and has a resemblance to measured vertical electron-density 
profiles. The general form of w(n) is 

h-h1 h-h2 h-h3 
w(h) =A sin2 90--h- + Bsin2 90 -- + Csin2 90 

H1 - I H2 -h2 H3-h3 
(35) 

. or w(h) = a(h)+b(h)+c(h) 

with the conditions 

a(h) = 0, for k<h1 and h>2H1 -h1 

b(h) = 0, for h<h2 and h>2H 2 -h2 

c(h) = 0, for h<h3 and h>2H-h3 

where h1 , h2, h3, H1, H2, H3 are constants having dimensions of length, and A, B, C 
are dimensionless factors. 

Figure 36 shows three curves of w(h) which were used in the examples report· 
ed in this Research Note. Figures 37 through 40 show functions which were used for 
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Fig. 36. Example of model function w(h). 



y 

y = l - ax 

l '5 

a = 0.01 

0.5 

C). l 

-10 -5 0 5 x 

Fig. 37. Examples of linear model J1mctions for u( 1/1) and v( w). 
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Fig. 39. Examples of sinusoidal mo,del functions for u( 1/1) and v( w). 
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u(1l1) and v(w). The selection of these functions was guided by the desire to use simple 
expressions representing characteristic electron density gradients in the 1l1 and w direc
tion. Appendix G shows calculated TEC values as a function of elevation angle a. The 
lower limit of the ionosphere was assumed to be 70 kilometers and the upper limit to 
be 400 kilometers. All input data required for the calculation of the TEC values are 
printed on the figures. The TEC value can be easily converted into delay timer for 
radio waves having a frequency above 200 MHz by multiplying TEC by a constant 
frequency-dependent factor. Curves for TECa and curves for r, therefore, have the 
same shape and can be directly compared. 

A comparison of the curves measured by the SECOR system and the curves 
derived from the ionospheric models described above shows that there are striking simi
larities between both sets of curves. The general model described in this Research Note 
also permits the genera~on of functions u( 1l1), v( w), and w(h) by using least-square, 
curve-fitting methods. These models would, by definition, facilitate the calculation of 
the measured curves, and could be used to further investigate the ionosphere. 

Since the ionospheric models described in this report show some encouraging 
results, it would be of interest to pursue the further investigation of this method. 
There are several aspects to be considered: ( 1) The degree of accuracy to which the 
model should simulate the actual ionosphere; (2) The relationship of the parameters in 
the model functions to physical parameters which determine the structure of the iono
sphere, such as the time of day, geographical location, solar flux, and magnetic field; 
and (3) The possibility of generating model functions from measured TEC curves which 
would permit the calculation of ionospheric delay times for other satellite tracks in var
ious areas of interest. Such investigations must be supported by actual measurements. 

VII. SUMMARY 

15. Summary. A brief description of the structure and properties of the iono
sphere has been presented. The lower limit of the ionosphere is fairly well defined and 
varies between 50 kilometers and 100 kilometers altitude. There is no definite upper 
limit of the ionosphere but instead a continuous transition from the ionized atmosphere 
to interplanetary space. The electron number density of the ionosphere exhibits large 
fluctuations, but shows some systematic diurnal variation and a vertical structure. The 
analysis of SECOR ionospheric data has shown that there is also a latitudinal and longi
tudinal variation of the vertical total electron content, which is of c~nsiderable magni
tude at times. 

An analysis of the refractive index of the ionosphere has been performed. It 
has been shown that for frequencies of 200 MHz and above the Appleton-Hartree equa
tion can be truncated considerably without paying an appreciable penalty. The refractive 
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index of the ionosphere expressed by the truncated Appleton-Hartree equation depends 
only on the electron number density and the frequency of the radio wave. The theory 
of the 'dual-frequency method as applied in the SECOR system has been discussed in de
tail. It has been shown that the ionospheric delay time of a radio signal is directly pro
portional to the total electron content along the wave path and inversely proportional 
to the square of the frequency. Therefore, ionospheric measurements and data obtained 
by the SECOR System can he translated directly into the proposed frequency range for 
DNSS and interpreted for that frequency. 

The data from several hundred tracks gathered by the SECOR System using 
four different SECOR satellites have been reported. These data have been discussed 
and evaluated with respect to delay time at 1600 MHz. The curves (Appendix B) show 
that delay times of up to 100 nanoseconds may he observed. The curves vary greatly 
in magnitude and shape. 

The vertical total electron content has been determined for various station 
locations. These data were plotted over the 24 hours of a day. All diurnal curves (Ap
pendix C) show a distinct minimum shortly before dawn and a maximum between 
1300 and 1400 hours local time. 

The results of a collocation experiment have been reported. The purpose of 
this experiment was to determine the accuracy of the ionospheric measurements. It has " 
been found that the standard deviation of the measurements is about ±3 meters. The 

-noise content of the-measured delay times has been analyzed. It has been found that 
noise which may he caused by the ionosphere must, in general, be considerably smaller 
than the noise of the equipment. 

Ionospheric models have been developed which were functions of height, lati
tude, and longitude. An algorithm has been developed (S~ction VI) for calculating the 
total electron content TEC along a direction of constant elevation angle. This method 
has been used to calculate TEC as a function of elevation angle and the maximum eleva
tion angle to the satellite. The ionospheric models were used to provide the electron 
distribution for the calculation. This calculated curve has been compared with the mea
sured data. 

VIII. CONCLUSIONS 

J6. Conclusions. It is concluded that: 

a. Electrical signals of the 1600-MHz band will be subjected to delays of 
from 3 nanoseconds to more than 100 nanoseconds while traveling through the iono
sphere. For radio range measurements, these delay times correspond to errors of from 
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1 meter to more than 30 meters. 

b. The range error due to ionospheric noise will he smaller than 25 centi
meters for signals in the 1600-MHz hand. 

c. Diurnal curves of the vertical total electron content vary considerably 
from day to day and location to 'location. Variations of 100 percent are not uncommon. 
The variations are most pronounced during the morning hours between 9 a.m. and 12 
a.m. For this time period, variations of several hundred percent can he observed when 
the observations are extended over a period of several months. 

d. If radio range measurements in the 1600 MHz hand are used for the pur
pose of navigation, the error caused by the ionosphere may he of no significance or may 
he corrected sufficiently by relatively crude ionospheric models. 

e. If radio range measurements are used for precise positioning and survey
ing, the ionospheric error must he determined by a dual-frequency method or by means 
of ionospheric models which permit the calculation of the delay time to about 3 nano
seconds. 

f. The models discussed in this Research Note may provide the capability 
required in 16e if they are further developed and tested against actual measurements. 

g. Ionospheric delay-time curves measured by one station with dual-
frequency capability may he-ased fol" gener~ting-suitahle ionospheric model functions
which would simulate the ionosphere over an area of about 1000 Km in diameter with 
the station at its center. The model functions could then provide ionospheric correc
tions for stations in this area which have no dual-frequency capability. 

h. Satellites of medium orbital altitudes will provide more useful data for 
generating model functions than satellites in synchronous orbits because radio links 
from the ground to the former sweep through a much larger portion of the ionosphere 
than do radio links to the latter. 
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O'.: 

IC: 

LT: 

UT: 

r: 

SYMBOLS 

Elevatjon angle. The angle, in degrees, between the horizontal plane 
through the ground observer and the line from ground observer to the 

satellite. 

Maximum elevation angle (degrees). 

Ionospheric Correction. The ionospheric correction is a length value . 
which has to be subtracted from the uncorrected radio-range measure
ment in order to obtain the geometric distance between the ground ob
server and the satellite. The IC is normally measured in meters and in 
fractions thereof. 

Local Time in hours and minutes. 

Universal Time or Greenwich Mean Time. In this Research Note UT is 
expressed by a number consisting of four or six digits. The four-digit 
number contains UT to the hours and minutes, and the six-digit number 
contains UT to the hours, minutes, and seconds. 

Example: UT= 0247 means: 2 a.m. and 47 minutes. 
UT= 192608 means: 7 p.m. and 26 minutes and 8 seconds. 

Local lime in hours and minutes for UT= 000000. 

Range. The distance between ground observer and satellite rounded off 
to the nearest kilometer. 

r, T 449 , r 1600 : Ionospheric Delay Time. This is the time by which an electromagnetic 
signal i::. delayed when traveling through the ionosphere. Electromagnetic 
signals travel slower in the ionosphere than )n free space. The indices 
449 and 1600 refer to carrier frequencies of 449 MHz and 1600 MHz, 
respectively. The ionospheric delay time is measured in nanoseconds. 

TEC: Total Electron Content. The number of electrons within a cylinder of 
one square meter cross section centered around the line from the ground 
observer to the satellite. The TEC is measured in electrons per square 
meter. 

N
1

: Total Electron Content for elevation angle O'. = 90° (TEC90o). 

Note: The following terms are given in Figs. 33 through 35: 

O(UOO): Center of the Earth. 

R: Radius of the Earth (6370 Km). 
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S(xsy szs): 

Sm: 

P
0

(00R): 

h: 

hs: 

hH: 

hL: 

P0 S=r: 

OS: 

q,If 

Ag: 

A,B: 

C: 

P: 

0:. 

l/I: 

W: 

W• s· 

o. 
s· 

Satellite position. 

Satellite position at maximum elevation angle. 

Position of ground observer. P 0 (OOR) defines together with 0(000) the 
right-hand coordinate systems (x,y ,z) with the positive Z-axis going from 
0(000) through P

0
(00R). 

Height ~bove Earth's surface. 

Mean satellite altitude. 

Upper limit of ionosphere. 

Lower limit of ionosphere. 

Distance between ground observer and satellite. 

Distance between center of the Earth and satellite. OS = R + h
8

• 

Geographic latitude of ground observer. 

Geographic longitude of ground observer. 

Points located on the intersection fortned by the orbital plane and the 
tangential plane on the Earth at the position of the observer and located 
on the OF mt. It the satellite is in positions A-or B, the elevation angle 
a=O. 

Mid-point between A and B. 

Point on r. 

Angle, in degrees, between OP and OP 0 • 

Angle, in degrees, between meridian plane through P and XZ-plane. 
If P is located on the meridian plane through P 0 , 1/1 = 0. 

Polar angle (degrees) of Pin meridian plane through P. If Pis located on 
the YZ-plane, w = 0. 

Angle, in degrees, between orbital plane and the XZ-plane. For an over
head satellite pass 1/18 = 0. 

Polar angle (degrees) of satellite in orbital plane. If the satellite is in the 

position Sm, W8 = 0. 

Angle, in degrees, between OS and OP 0 • 
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APPENDIX A 

IONOSPHERIC DATA FROM THE SECOR EQUATORIAL NETWORK 

Note: In the following tables, the appearance of a blank space indicates that useable 
data were not recorded. 

Table A-1. Satellite EGRS 7, Orbit 2106 

Mauj White Horse San Diego I Cold B~ 
r [km] 1C f:·il r [kml 'l C rill r [km] ' lC fr.11 r [km] lC_It'_i] 

6530 87 4119 62 4429 31' 
6480 85 4161 54 4390 30 
6431 84 4196· 65 4341 30 
6383 90 4237 64 4294 28 
6336 80 4281 66 4249 26 

4326 54 4206 28 
4372 47 4165 28 
4421 55 4135 27 
4471 78 

6111 80 4523 81 4001 26 
6069 _7_g 4576 82 3987 25 5393 159 
6028 77 4631 84 3955 25 5405 160 
5987 77 4686 83 5446 165 
5948 71 4744 86 3962 22 
5910 73 4802 91 3936 23 5534 170 
~872 70 4861 91 3913 21 5580 174 
5836 71 4922 92 3892 24 5618 167 
5801 67 4984 94 3873 22 5674 174 

5047 95 3857 23 5723 1,76 
5734 65 5110 99 3844 24 5773 182 
5703 62 5176 98 3833 23 5824 180 

. 5672 61 5241 99 3825 23 5875 183 
5643 60 5307 103 3820 2J 5828 186 
5615 58 3817 19 5882 191 
5601 49 3817 18 6038 194 

6086 225 
-
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Table A-2. Satellite EGRS 7, Orbit 2445 -
(h) II Maui I ur White Horse Cold Bay San Diego ' .. r___lliitc_ffi l ~11] lC fi1·1 r [krri] 1 c fl·ll r [km] lC P'll -

1416:00 II I 5109 28 
:20 5078 34 
:40 5346 62 5016 33 17:00 4488 37 5300 64 4956 32 :20 4505 35 5229 61 4897 33 
:40 4541 34 5162 59 4839 32 18:00 4579 35 5097 57 4783 29 :20 4619 36 5032 58 4728 31 :40 4661 36 4968 57 4674 29 19:00 4704 36 4906 57 4622 29 :20 4750 37 4844 55 4571 24 
:40 4796 37 4783 53 4588 22 20:00 4844 37 4724 52 4475 26 :20 

114894 38 4666 51 4429 24 
:40 4945 37 4609 51 4386 28 21:00 I 4997 39 4554 51 4344 26 . ":20 5051 41 4500 52 4303 23 :40 I 5044 43 4447 49 4265 25 22:00 5163 42 4396 47 4229 24 :20 I 5220 44 4346 47 4195 24 
:40 5280 44 4300 47 4162 23 23:00 5340 44 4252 45 4133 23 :20 5400 44 4209 45 4106 24 
:40 5462 48" ·· 4loo 4l 4080 23 24:00 5525 49 4125 42 A057 24 
:20 5589 51 4086 43 4037 23 
:40 5654 51 4050 40 4019 23 25:00 5719 53 4016 42 4007 24 :20 5786 56 3983 43 
:40 5853 56 3952 40 

...__ 
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Table A-3. Satellite EGRS 7, Orbit 2462 

Maui White Horse S"ln niPan I Cold Bay 
UT _(hr) r f kml 1 c r:.n r [km] l c n.11 r [kml ic rn1 r f kml lC fM] 

1343:00 4581 76 6291 81 4528 38 6321 55 
:20 4580 77 621"5 73 4501 39 6249 57 
:40 4581 76 6139 76 4478 37 6176 53 

44:00 4585 77 6064 72 4457 35 6105 53 
;20 4590 75 5989 74 4437 35 6034 52-
:40 4599 77 5914 74 4420 30 5963 52 

45:00 4608 75 5840 74 4406 31 5898 43 
:20 4620 76 5766 73 4393 28 5824 49 
:40 4635 72 5693 70 4382 32 5756 44 

46:00 4651 74 5620 74 4373 37 5688 47 
:20 4669 74 5548 71 4367 31 5620 48 
:40 4690 72 5477 72 4362 38 5555 46 

47:00 4713 75 5406 75 4360 26 5490 44 
52:00 5289 87 4353 82 4639 71 4598 32 

:20 5313 84 4302 79 4672 74 4554 34 
:40 5303 85 4254 80 4707 54 4512 32 

53:00 5415 87 4207 78 4743 79 4473 35 
:20 5468 85 4160 77 4782 82 4434 35 
:40 5518 85 4118 76 4822 79 4398 35 

54:00 5577 84 4077 77 4863 79 4364 66 
:20 5634 85 4038 74 4906 82 4332 35 :40 5692 86 4000 79 4950 84 4302 34 

££:00. 5750. 81 3965 ]6 4995 83 4274 32 
:20 5810 83 3932 74 5042 86 4248 35 :40 5870 82 

56:00 5931 81 
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Table A-4. Satellite EGRS 7, Orbit 2488 
,_ 

M.:11d Wl,i~o Un~~"' San Di1>ao I Cold Bav UT (hr) 
r [km] f km] 1 c rt.fl r [kml 1 c [r.1] r rkml lC rMl 1 c r:.11 r 

1427:00 4128 35 5025 33 :20 4165 34 5473 61 5961 31 :40 4205 35 5407 61 4897 31 28:00 4246 36 5341 61 4835 30 :20 4290 36 5276 65 4775 28 :40 4335 38 6212 61 "4715 31 29:00 4382 36 5149 61 4657 26 :20 4431 39 5086 63 4600 25 :40 4481 39 5025 63 4544 20 30:00 4533 40 4966 66 4490 26 :20 4587 40 4907 63 5331 63 4438 24 :40 4642 42 4848 63 5343 59 4387 23 31:00 4637 42 4792 62 5355 62 4338 21 :20 4756 44 4736 60 5371 60 4290 22 :40 4815 45 4682 60 5387 64 4245 21 32:00 4876 46 4630 61 5405 65 4200 21 :20 4937 44 4578 54 5424 66 4158 21 :40 5000 45 4528 57 5445 66 4119 21 33:00 5063 47 4480 53 5467 68 4081 23 :20 5128 48 4433 55 5490 69 4045 24 :40 5194 48 4387 54 5516 68 4012 23 34:00 5260 47 4344 52 5542 69 3980 21 :20 5328 47 4306 49 5569 71 3951 22 :40 5397 47 .. 4262 50 .. 5597 7Z . 392<1- - 23 35:00 5465 51 4224 50 5628 72 3900 23 :20 5536 52 4188 50 5658 73 3878 23 :40 5605 51 4154 48 5690 75 3859 23 36:00 5677 55 4122 45 3842 22 :20 5749 53 4091 45 5759 77 3828 22 :40 5822 51 4063 44 5794 81 3816 23 37:00 5896 59 4038 42 5831 80 3807 25 
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Table A-5. Satellite EGRS 7, Orbit 2509 

UT (hr) r"lrl ~iiv White Horse San Dif'!ao Lvnn Lakf'! 
r [km] 1C n.n r [kml lC ff.11 r [km] lC fr.1] r [km] lC rM] 

0149: 00 3741 24 
:20 4056 38 3743 26 4775 50 
:40 4044 38 3757 31 4785 57 

50:00 4035 37 3757 32 5722 44 4807 51 
:20 4028 36 3768 33 5608 43 4826 54. 
:40 4023 37 3782 . 31 5562 42 4847 53 

51:00 4020 38 3798 34 5517 39 4870 52 
:20 4020 38 3816 32 5473 41 4896 50 
:40 4022 35 3838 33 5430 40 4923 46 

53:00 3947 34 5275 39 
:20 3981 34 5240 37 5105 60 
:40 4017 36 5210 39 5124 60 

54:00 4054 33 5110 41 5163 58 
:20 4123 39 4093 35 5081 40 5204 64 
:40 4145 39 4135 34 5117 41 5247 63 

55:00 4170 40 4179 36 5092 41 5292 61 
:20 4197 42 4224 33 5063 40 5336 63 
:40 4226 41 4272 36 5044 40 5383 63 

56:00 4257 40 4321 36 5023 38 5432 64 
:20 4291 41 4372 36 5004 38 5480 65 
:40 4326 44 4424 41 4987 39 5531 69 

57:00 4363 44 4478 34 4972 39 5583 67 -
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Table A-6. Satellite EGRS 7, Orbit 2594 -
UT (hr) Cold Bay White Horse San Di1>ao I l.vnn '"""' 

- r [km] 1 c ri·ll r [km] lC rMl r [km] lC [M] r [km] lC [M] 
2323:00 5100 63 3946 52 

:20 5106 62 3957 51 3874 56 
:40 5117 60 3963 53 3872 60 24:00 5129 61 3976 53 3873 60 
:20 5143 63 3991 52 . 4946 46 3877 59 
:40 6159 62 4008 52 4914 50 ·3884 58 25:00 5176 62 4027 53 4849 47 3893 58 
:20 5194 62 4049 53 4786 43 3905 58 
:40 5214 63 4073 54 4725 43 3919 60 26:00 5236 64 4099 54 4664 44 3936 59 :20 5258 65 4127 54 4604 42 3955 58 :40 5283 65 4157 54 4546 41 3977 61 27:00 5309 66 4190 55 4489 39 4001 61 :20 5336 66 4224 56 4434 39 4028 61 :40 5365 66 4261 57 4380 39 4057 61 28:00 5395 67 4299 58 4327 34 4088 61 :20 5426 68 4343 56 4277 35 4122 59 
~40 5458 69 4381 59 4281 34 4157 60 29:00 5492 70 4424 59 4180 29 4195 59 :20 5527 73 4469 58 4135 30 4235 Eil :40 5565 75 4516 58 4091 29 4276 61 30:00 5601 72 4565 56 

I 
4049 29 

:20 5640 74 4614 62 4010 30 
:40 5680 78 4666 60 . 397-2 2-5 31:00 5721 78 4727 62 3937 24 
:20 5763 77 4785 63 3904 28 :40 5806 82 4828 61 3878 23 32:00 5850 83 4884 66 3845 23 
:20 5896 83 4942 71 3819 27 
:40 5942 85 5001 73 3796 28 33:00 5989 86 5061 75 3775 24 
:20 6037 89 5122 76 3756 25 :40 6086 88 5184 80 3741 29 34:00 6135 92 5247 80 3727 31 :20 6186 92 5311 81 3717 27 :40 6237 93 5379 81 3709 69 35:00 6290 93 5441 85 3704 29 
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Table A-7. Satellite EGRS 7, Orbit 2616 

UT (hr) Cold Bay White Horse San Dii>nn I l vnn I ::i '"' 

r fkm] I 1c r;n r [km] 1 c rl·t1 r [km] 1 c fr·ll r [km] lC [M] 

1210:20 5922 I 49 5567 42 4024 255 5864 56 
:40 5856 48 5494 45 4020 253 5803 52 11:00 5791 I 45 5424 40 4018 251 5743 51 
:20 5351 39 4019 253 5685 52 -:40 5663 43 ~283 38 5626 51 

12:00 5600 43 . 213 38 4028 253 5569 53 
:20 5539 41 5146 38 4036 253 5513 51 
:40 5462 34 5079 36 5458 51 

13:00 5419 38 5012 36 4059 255 5402 54 
:20 5361 37 4946 31 4074 253 5350 49 :40 5304 37 4882 34 4092 252 5298 49 14:00 5247 30 4819 33 4111 250 5246 50 :20 5187 40 4756 33 4133 254 
:40 5138 35 4695 34 4157 253 5148 58 15:00 5086 35 5100 52 :20 

I 5035 32 4212 253 5054 56 :40 4985 32 4242 251 5009 51 16:00 4937 32 4463 35 4274 250 4965 51 :20 4890 31 4409 36 4308 250 
:40 4845 31 4356 34 4344 249 4947 . 52 17:00 4801 32 4305 34 4382 252 4842 50 :20 4759 30 4255 36 4422 252 4805 52 :40 47l9 -3-1 -4207 "ll:· .. 4463 2~1 47£8 51 v.J 

18:00 4681 29 4161 32 4507 254 4734 52 :20 4644 29 4117 31 455.1 253 4701 52 :40 4609 27 4075 32 4598 251 4669 50 19:00 4577 26 4035 32 4645 243 4689 52 :20 4546 25 3997 30 4695 242 4609 52 :40 4517 25 3961 31 4745 226 4585 52 20:00 4490 25 3927 31 4797. 232 4561 60 
-
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Table A-8. Satellite EGRS 7, Orbit 2642 

UT (h~ Cold Bay J White Horse San DiPQO "' Lvnn Lake 
rkml ' 

r f km] lC fi.11 r [km] lC [:U ,_ r [km] • c r:il r 1 c fi !"i 
1256:00 4509 46 

:20 4338 27 4456 45 5013 23 5564 69 
:40 4297 27 4406 45 5529 69 57:00 4257 26 4357 45 I 5054 17 5488 71 
:20 4220 27 4309 .44 5083 17 5449 67 
:40 4184 27 4263 45 5114 15 5410 70 

58:00 4151 26 4219 44 5147 14 5375 69 
:20 4120 26 4177 43 5181 18 5337 68 
:40 4090 27 4137 43 5216 17 5303 70 59:00 4064 26 4099 44 5253 22 5270 67 
:20 4040 26 4062 42 5291 20 5234 68 
:40 4018 27 4028 43 5330 23 5208 64 1300:00 3998 27 3994 45 5370 24 5179 66 
:20 3981 25 3966 41 5412 25 5151 67 
:40 3966 26 5455 27 5126 65 

01:00 3955 28 3913 40 5499 26 5100 69 
:20 3945 27 3890 42 5544 30 5077 71 
:40 3938 28 3870 42 5590 29 5057 69 

02:00 3934 26 3851 43 5637 30 5036 70 
:20 3932 26 5685 31 5018 68 
:40 3933 25 3827 44 5735 33 5001 76 03:00 3936 21 3811 44 5785 35 4986 67 :20 3934 30 3803 43 5836 32 4972 71 
:40 395l :m .. 3798 40 . 5887 37 . 4960- 6S 04:00 3956 30 3797 45 5906 38 4956 68 

-
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Table A-9. Satellite EGRS 7, Orbit 2649 

Lynn Lake Moses Lake WorthinQton I San Dieao UT (hr) 
r [km] 1 c [1·1] [k111] i_c rn1 r rkm] lC rMl r [km] lC [M] r 

0826:40 5112 52 4267 18 
27:00 5068 47 4237 16 

:20 5007 45 4209 18 
:40 4164 10 -28:00 4892 44 4164 10 
:20 4828 45 5574 ·44 4139 14 
:40 4779 41 5536 45 4121 15 

29:00 4726 44 5499 41 4104 13 
:20 4674 39 4090 13 
:40 4623 39 5430 38 4079 12 

30:00 4574 39 4070 13 
:20 4527· 39 5371 34 4064 11 
:40 4060 14 

31:00 4058 16 
:20 - 4400 34 4059 14 
:40 4357 41 5261 38 4063 16 

32:00 4318 44 4069 15 
:20 4282 42 4078 17 
:40 4248 44 5199 32 4089 17 

33:00 4216 43 4102 17 
:20 4185 39 5167 33 4136 17 
:40 5158 33 4136 17 

34:00 -4l57 17 
:20 5269 34 4180 18 
:40 .4205 18 

35:00 4233 23 
:20 4267 26 
:40 4294 18 

36:00 4328 15 
:20 4364 16 
:40 4472 15 -
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Tahle A-10. Satellite EGRS 7, Orbit 2667 ,_ 

UT (hr) Lvnn Lake Moses Lake Worthington I San Diego 
,_ r [km] 1 C T:·11 r [km] lC rifl r [km] 1 c rr·n r [km] lC fMl 

1043:00 
:20 5147 36 4492 19 
:40 5084 35 4460 17 

44:00 5023 38 4430 18 
:20 4963 37 4243 18 4401 15 
:40 4904 35 4267 18 4375 15 

45:00 4846 34 4496 19 4350 16 
:20 4790 33 4327 14 
:40 4734 35 4482 15 4307 13 

46:00 4680 31 4496 11 4289 13 
:20 4632 31 4273 13 
:40 4575 32 4259 12 

47:00 4526 33 4246 12 
:20 4473 33 4236 12 
:40 4431 33 4230 12 

48:00 4386 30 4224 12 
. :20 4342 32 4221 12 
:40 4300 30 4220 14 

49:00 4261 29 4221 15 
:20 4223 20 4224 16 
:40 4186 28 4230 13 

50:00 4152 30 4238 14 
:20 41W 2fi 4248 14 

--

:40 4090 28 4260 17 
51:00 4062 26 4274 16 

:20 4028 32 4291 19 
:40 4309 18 

52:00 4330 20 
:20 3973 27 4352 19 
:40 3957 25 4378 20 

53:00 3943 30 4404 20 
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Table A-11. Satellite EGRS 9, Orbit 358 

White Horse Moses Lake Worthington Lynn Lake 
UT( hr) 

r fkml IC U1] fkml 1 c rrr1 r [kml 1 c ff.11 r f kml 1C fMl r 
1605:30 5329 81 4251 38 

:40 11 5246 80 5033 63 4223 43 
06:00 5211 78 4976 60 4197 44 

:20 5177 77 4919 62 4174 39 , 

:40 1864 '59 4152 42 
07:00 5112 78 4814 58 

: 10 4705 52 
:20 5078 76 

08:00 5026 81 4655 48 4081 38 
:20 5000 79 4606 52 4077 41 
:40 5074 54 4975 68 4559 52 4068 36 

09:00 5096 58 4952 70 4490 49 4063 37 
:20 5119 59 4931 82 4468 48 4058 39 
:40 5143 55 4911 77 4425 48 4056 40 

10:00 5169 57 4892 71 4384 50 4057 41 
:20 4345 47 4060 40 
:40 4861 70 4307 49 4064 42 

11:00 4271 50 4071 43 
:20 4240 45 

-
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Table A-12. Satellite EGRS 9, Orbit 367 ,_ 
UT (hr) White Horse Moses Lake Worthinaton Lynn Lake 

r [km] 1C rMl r [km] l c rr'11 r rkml l c rr.11 r rkm] lC [M] 

1758:20 
I 4149 49 4903 58 

:40 4158 51 4871 59 4160 45 
59:00 4168 49 4840 58 4161 45 

:20 4189 49 4811 63 4165 48 
:40 4192 49 4784 56 4171 47 

1800:00 4209 54 4759 59 4179 48 
:20 4227 56 4624 62 4189 49 
:40 4253 56 4202 47 

01:00 4271 58 4695 54 4217 46 
:20 4296 57 4038 16 4677 58 4234 48 
:40 4323 58 4019 19 4661 56 4254 45 

02:00 4352 59 4002 19 4648 56 4275 50 
:20 4383 60 3988 11 4636 55 4299 50 
:40 4415 63 2976 15 4627 56 4324 52 

03:00 4445 63 3966 16 4619 59 4352 54 
:·20 4450 63 3959 15 4614 57 4382 57 
:40 4458 60 3954 20 4611 54 4414 55 

04:00 4562 61 3952 16 4609 54 4447 56 
:20 4607 62 3952 15 4610 57 4483 5,5 
:40 4649 65 3950 28 4613 51 4520 54 

05:00 4693 65 4618 59 4559 53 
:20 4739 67 3970 20 .. 4&25- 60 . 4600· &I 
:40 4785 66 3975 14 4634 61 4642 63 

1806:00 4834 68 3987 17 4649 60 4686 63 
:20 4883 66 4001 20 4658 60 4732 61 
:40 4934 66 4018 22 4673 62 4779 63 

07:00 4985 73 4036 21 4690 61 4827 64 
:20 4973 68 4057 23 4709 61 4877 63 
:40 5093 70 4081 24 4730 63 4929 70 

08:00 5148 70 4106 23 47!:i3 63 4981 67 
:20 5204 70 4133 23 4778 64 5035 71 
:40 5262 74 4163 26 4804 66 5090 71 

09:00 5320 76 4195 27 4833 67 5146 70 
:20 5379 80 4228 29 4863 67 5204 71 
:40 5439 81 4264 30 4895 68 5262 75 lo:oo 5500 86 4301 27 4928 69 5321 74 
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Table A-13. Satellite EGRS 9, Orbit 396 

I I uT (hr) White Horse Moses Lake ~:orthi ngton Lynn li.ake 
r [km] IC f;.n r [km] 1 C fMl r [km] l c [rt] r Ikml le DU 

0433:00 5256 54 4583 255 
:20 5252' 52 4437 255 3991 15 
:40 5202 60 4415 249 3921 12 ~ 

34:00 5154 60 4394 253 3920 09 4337 10 
:20 5107 57 4376 254 3922 14 4296 12 
:40 5061 54 4360 252 3927 16 4256 10 

35:00 5017 54 4346 252 3934 15 4220 9 
:20 4975 54 4334 252 3943 15 4184 8 
:40 4934 53 4325 254 3955 14 4151 13 

36:00 4894 53 4317 254 3969 14 4120 13 
:20 4857 50 4312 258 3985 15 4091 14 
:40 4821 46 4310 257 4004 13 4064 15 

37:00 4786 43 4309 263 4025 11 4039 16 
:20 4754 45 4311 255 4048 14 4016 19 
:40 4723 44 4315 265 4073 16 3996 19 

38:00 4317 256 4101 17 3878 17 
:20 4330 253 4131 17 
:40 4341 261 4162 17 3949 18 

39:00 4354 258 4196 16 3938 18 
:20 4369 254 4231 18 3929 14 
•40 ll3B6 256 4269 15 3923 18 

0440:00 4406 261 4308 17 3923 14 
:20 4427 261 4349 19 3922 10 
:40 4451 260 4392 16 3919 16 

41:00 4477 265 4437 14 3923 19 
:20 4504 266 4483 17 3929 17 
:40 4534 266 4530 17 3937 15 

42:00 4561 266 4579 20 3948 17 
-
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Table A-14. Satellite EGRS 9, Orbit 405 

\~hi te Horse Worthington Lvnn Lake , I Moses Lake 
UT (hr) 

r [km] 1 c r:.11 [km] 1C ff.11 r [km] lC rr.n r [ k:n] lC [M] r 

0623:00 5021 23 
:20 4684 14 5106 17 4982 24 
:40 4628 12 5098 16 4942 20 

24:00 4578 13 5093 16 4903 20 
:20 4529 04 5089 14 4866 19 
:40 4481 09 5086 13 4830 22 

25:00 4436 12 !:>085 14 4796 20 
:20 4392 12 5086 14 4763 20 
:40 4350 14 5088 09 4732 21 

26:00 4309 09 5092 08 4703 20 
:20 4270 09 5098 06 4675 20 
:40 4234 11 5107 07 4649 17 

27:00 4199 10 5113 14 4625 17 
:20 4166 08 5128 08 4602 19 
·:40 4135 11 5136 11 4588 14 

28:00 4074 09 5149 11 4495 16 
:20 4080 09 5164 12 4546 22 
:40 4056 05 5180 10 4530 23 

29:00 4034 05 5198 12 4517 25 
:20 4014 10 5217 11 4506 21 
:40 3996 11 5238 10 4496 21 

30:oo 3981 13 
--

5260 TZ -- 41lS-g- ZT 
:20 3968 13 5284 13 4487 26 
:40 3958 14 5309 12 4419 24 

0631 :oo 3950 14 5335 17 4477 19 
:20 3944 15 5363 14 4478 24 
:40 3941 13 5392 14 4481 32 

32:00 3940 12 5422 17 4484 22 
:20 3942 12 5454 12 4490 30 
:40 3946 14 5487 15 4498 25 

33:00 3953 14 5521 14 4507 28 
:20 ·3962 16 5556 19 4519 29 
:40 3973 12 5592 18 4533 29 

34:00 3987 15 4548 29 -

105 



Table A-15. Satellite EGRS 9, Orbit 437 

Puerto Rico Fort Stewart Herndon I Bermuda 
UT(hr) .. 

r [km] 1 c n.n r [km] 1c nn r [kml 1 c f f.11 r [km] lC fM] 
""" ·-

0201:00 4766 51 5067 69 4455 36 
:20 4721 61 5008 68 -:40 4677 62 4951 68 4370 39 

02:00 4635 45 4894 66 4264 36 
:20 3881 55 4595 47 4839 57 4225 41 
:40 4414 52 4557 47 4785 63 4189 41 

03:00 4426 53 4520 48 4732 60 4155 38 
:20 4439 58 4485 48 4681 60 4122 36 
:40 4452 46 4631 60 4093 37 

04:00 4421 46 4583 58 4064 33 
:20 4392 58 4536 59 4038 28 
:40 4491 57 4015 40 

05:00 4021 50 4340 49 4448 55 3993 28 
:20 4048 59 4317 45 4406 55 3974 32 
:40 4078 55 4296 43 4366 55 

06:00 4110 57 4278 42 4328 49 3943 39 
:20 4144 59 4262 39 4293 50 3931 25 
:40 4181 60 4N7 44 4258 51 3922 28 

07:00 4219 58 4235 35 4225 45 3915 2.8 
:20 4259 59 4195 41 
:40 -4301 60 4219 -36 4167 47 

08:00 431iJ 61 4213 37 4142 47 
:20 4390 68 4211 41 4118 45 
:40 4097 41 

09:00 4077 47 3927 28 
:20 4061 41 3935 20 
:40 4046 43 3947 24 

10:00 4034 42 3962 25 
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Table A-16. Satellite EGRS 9, Orbit 466 -
UT (hr) 

Puerto Rico Fort Stewart Herndon I Bermuda 
,_ r [km] 1C f;.11 r [km] ic nn r fkml 1 c rr.n r fkml 1C rMl 

1409:00 4703 63 
:20 6286 130 4681 62 4192 54 
:40 5695 128 4633 S9 4163 S3 

10:00 S629 124 4S87 59 
:20 5564 122 4643 S7 4109 S1 4462 90 
:40 S499 122 4SOO 61 4084 47 4442 8S 

11:00 543S 11 S 44S8 S9 4062 43 4408 8S 
:20 S373 116 4418 62 4042 48 4369 83 
:40 5311 107 4380 S3 402S so 4336 82-

12:00 5249 109 4344 S4 4009 so 4304 77 . 
:20 4309 S7 3996 so 4274 82 
:40 4276 S6 3985 S1 4246 76 

13:00 424S SS 3977 49 4286 80 
~20 4216 S4 3971 49 4197 83 

-:40 4960 101 4189 S1 3967 61 4176 82 
14:00 4905 99 4164 48 41S6 8S 

:20 48S2 97 4142 so 3966 S9 4140 83 
:40 4800 86 4121 47 3970 S2 

1S:oo 4750 96 4102 48 3976 60 -
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Table A-17. Satellite EGRS 9, Orbit 474 

. Puerto Rico Fort Stewart Herndon ~ I Bermuda 
UT (hr) 

r [kml 1C P·ll r [km] 1 c rr.11 r [km] l c rrn r [kml lC fM] 

1305: 20 6100 53 
:40 6063 54 4721' 47 4770 119 . 

06:00 4687 47 4719 76 
:20 5287 58 4659 49 4668 86 
:40 5248 59 4632 48 4620 84 

07:00 5209 60 4607 47 4572 83 
:20 5172 60 4583 47 4525 82 
:40 5137 61 4561 48 4481 79 

08:00 5102 57 4541 46 4437 78 
:20 6051 84 5070 56 4523 45 4396 77 
:40 5987 83 5038 56 4507 46 4356 77 

09:00 5399 84 5008 56 4493 42 4318 75 
:20 5336 78 4979 54 4481 39 4283 78 
:40 5274 80 4952 55 4470 42 4247 74 

10:00 5213 76 4927 54 4462 40 4215 74 
:20 5153 77 4903 53 4455 42 4184 75 
:40 5093 75 4880 51 4451 46 4156 77 

11:00 5035 74 4860 52 4448 43 4129 69 
:20 4978 75 4841 52 4448 42 4105 69 
:40 4922 82 4823 52 4449 44 4083 71 

·r2:00 48&7 ' .S6 445~ 46 4063 77 
:20 4794 54 4458 45 4045 72 
:40 4782 55 4465 46 4029 73 

13:00 4771 49 4475 46 4016 72 
:20 4762 54 4486 47 4005 73 
:40 4756 52 4499 47 3996 72 

14:00 4751 54 4516 49 3990 68 
:20 4747 55 4532 50 3986 69 
:40 4746 51 4551 48 3984 69 

15:00 4747 53 4571 49 3985 72 
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Table A-18. Satellite EGRS 9, Orbit 482 
·-

Puerto Rico Fort Stewart H1>rndnn I Bermuda 
- UT (hr) r [km] 1C fi·il r [km] ] C f1.L1 r rkm] lC [Ml r Ikml 1 c rrn -
1205:20 6681 102 

07:00 I 5287 76 
:20 5352 64 4775 83 
:40 6309 96 5353 69 4763 87 

08:00 6259 91 5354 71 47"40 86 
:20 5686 87 5906 96 5358 68 4718 84 
:40 5638 90 5893 98 5363 60 4698 79 

09:00 5591 87 5886 95 5369 70 4680 83 
:20 5545 82 4879 94 5377 62 4664 82 
:40 5500 73 5386 69 4650 74 

10:00 5456 81 
:20 5413 90 5409 73 
:40 5422 72 4618 89 

12:00 5491 79 
:20 I 5512 85 4668 84 
:40 5534 80 4605 83 

13:00 5117 70 5562 64 4610 94 
:20 5086 67 5582 84 4616 81 
:40 5'()56 68 5612 83 4624 83 

14:00 5028 67 4634 '85 -
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Table A-19. Satellite EGRS 9, Orbit 641 

.. 
UT (hr) Bermuda Fort Stewart Worthinciton liern<lon 

r [km] 1 c f:il r [km] lC fill r fk'lll le nn r fkml le rn1 
1221:40 I 4230 26 

22:00 4691 42 4207 25 
:20 4311 47 4652 43 4920 13 4185 28 
:40 4275 44 4615 43 4923 16 4166 28 

~ 

23:00 4238 43 4579 41 4927 16 4150 25 
:20 4202 50 4.544 42 4933 16 4133 29 
:40 4165 49 4512 42 4941 16 4120 28 

24:00 4137 48 4481 43 4950 16 4109 28 
:20 4108 46 4453 43 4962 14 4101 29 
:40 4077 45 4425 43 4974 15 4095 29 

25:00 4056 43 4400 42 4990 16 4091 27 
:20 4033 47 . 4377 43 5005 17 4089 27 
:40 4012 28 4355 42 5022 17 4089 22 

26:00 3994 45 4336 43 5041 1t 4092 27 
:20 3978 47 4314 40 5062 16 4097 27 
:40 3964 42 4303 42 5085 16 4164 30 

27:00 3953 48 4290 40 5109 18 4114 30 
:20 3940 44 4279 41 5134 20 4126 31 
:40 3934 46 4269 41 5161 16 4143 36 

28:00 3930 48 4263 40 5189 20 4160 32 
:20 3928 49 4257 42 5219 22 4178 35 

-:40 3933 -48 4255 44 5250 22 4200 36 
29:00 3933 45 4254 48 5285 24 4221 34 

:20 3943 45 4256 44 5317 27 4246 36 
:40 3951 46 4260 46 5352 27 4273 35 

30:00 3962 38 4266 52 5389 27 4298 34 
:20 3976 49 4274 45 5427 31 4332 36 
:40 3991 49 4284 44 5466 32 4365 38 

31:00 4009 52 4297 49 5506 31 4400 39 
:20 4025 51 4311 47 4448 30 4435 40 
:40 4048 52 4328 51 5590 34 4474 39 

32:00 4073 49 4347 51 5634 35 4509 40 
:20 4100 56 4367 52 5679 38 4551 44 
:40 4133 60 4390 54 5725 39 4594 43 

33:00 4160 58 4415 53 5772 40 4638 42 
:20 4198 57 4441 55 5820 37 4685 48 
:40 4229 59 4470 56 5869 45 4732 47 

34:00 4266 63 4500 60 5920 41 4781 50 
-·-
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Table A-20. Satellite EGRS 9, Orbit 666 ·-
· UT (hr) 'I Fort Stewart Worthington Herndon Bermuda 

r (km] 11 c r:n . r _[kmJ 1c nu r [km] l c Ull r [km] lC [M] 

;5:40 I 4320 36 
06:00 I 4292. 38 

:20 4971 17 4266 36 
:40 4972 19 4242 38 

07:00 4974 20 
:20 4978 18 4200 35 
:40 4984 17 4181 36 

08:00 4991 19 4166 37 
:20 5000 21 4152 34 
:40 4502 43 5011 19 4140 35 

09:00 4474 45 5023 18 4131 38 
:20 4449 42 5037 22 4123 39 
:40 4425 43 5052 21 4119 38 

10:00 4403 41 5069 23 4116 39 
:20 4383 42 5088 25 4115 40 
:40 ' 4365 42 5108 22 4117 41 

11:00 4349 40 5130 26 4121 38 
:20 4335 41 5154 25 4128 42 
:40 4323 42 5179 26 4136 39 

12:00 4313 39 5205 27 4147 43 
:20 4306 40 5232 26 -4160 37 
:40 4300 40 .. 52.6.2. . 29. . 4175 39 

13:00 4297 41 5292 26 4192 39 
:20 4295 40 5324 27 4112 39 
:40 

14:00 
4296 47 5362 28 4234 39 

:20 4283 43 
:40 4310 44 

15:00 4340 43 
:20 4371 47 
:40 4405 45 

16:00 4361 39 4440 46 
:20 4372 39 

17:00 4420 43 
:20 4443 43 
:40 4469 44 

18:00 4497 45 
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Table A-21. Satellite EGRS 9, Orbit 682 

UT(hr) 
Bermuda Fort Stewart Worthington I Herndon 

r [km] 1 c r:.n r [km] lC fill r [km] l_C [M] r [km] lC [r-Q 

1253:00 4075 39 
:20 4405 70 

54:00 
:20 4279 72 4268 21 
:40 4240 69 4268 19 3972 35 

55:00 4545 72 4203 70 4270 23 3958 35 
:20 4454 72 4168 62 4275 22 3947 35 
:40 4432 71 4135 64 4281 15 3937 38 

56:00 4411 72 4105 63 4290 15 3931 39 
:20 4393 70 4076 63 4300 21 3927 38 
:40 4377 69 4050 64 4313 21 3925 41 

57:00 4363 69 4025 62 4328 20 3925 39 
:20 4352 69 4003 63 4345 21 3929 42 
:40 4342 67 3983 62 4364 24 3934 42 

58:00 3965 60 4384 24 3942 45 
:20 4329 70 3950 62 4408 24 3953 40 
:40 4326 67 3937 61 4432 26 3966 42 

59:00 4326 70 3926 62 4459 23 3981 43 
:20 4327 71 3918 63 4487 29 4000 44 

) :40 4331 69 3913 63 . 4517 27 4019 44 
1300:00 4337 69 3910 61 4549 30 4041 49 

:20 4345 08 3909 63 4~83 30 4066 49 
:40 4356 68 3911 63 4619 32 

01:00 4434 72 3919 66 4661 33 
02:00 4563 59 
04:20 4604 113 5136 50 

:40 4644 71 4119 74 5162 48 4571 78 
05:00 4680 78 4150 77 5216 48 4621 71 

:20 4718 85 4185 76 5271 52 4673 77 
:40 4759 79 4220 75 5327 50 4727 77 

06:00 4799 84 4258 78 5383 52 4782 77 
:20 4842 81 4298 78 5441 57 4838 80 
:40 4887 90 4340 81 5500 60 

-
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Table A-22. Satellite EGRS 9, Orbit 690 -
UT (hr) Bermuda Fort Stewart Worthington I Herndon 

- r (km] 1 c f;.11 r [km] lC fr11 r f km] 1 c rr.n r rkm] 1c nn. 
. -

1148: 20 I 4557 24 
:40 5054 28 4521 26 

49:00 5145 87 5045 30 4487 26 
:20 4670 80 4966 37 5037 28 4455 26 
:40 4520 82 4921 37 5031 26 4424 25 

50:00 4472 85 4877 38 5027 28 4396 25 
:20 4426 56 .. 4835 38 5024 24 4369 24 
:40 4381 58 4794 37 5023 23 4344 25 

51:00 4338 54 4755 40 5023 25 4321 24 
:20 4296 52 4717 41 5026 19 4301 28 
:40 4257 55 4747 42 5029 23 4282 25 

52:00 4219 51 4646 37 5035 27 4200 26 
:20 4183 54 4614 35 5042 26 4185 22 
:40 4149 53 4582 37 5050 25 4173 20 

53:Qo 4117 53 4553 37 5061 23 4162 22 
:20 4088 55 4525 39 5073 25 4155 22 
:40 4060 53 4500 38 6086 21 4150 26 

54:00 4035 54 4475 38 5100 21 4145 24 
:20 4011 56 4453 38 5118 18 4144 23 
:40 3991 56 4432 37 5136 18 4145 26 

55:00 3972 55 4414 40 5156 21 4148 27 
:20 3955 55 4397 39 5177 19 4153 25 
:40 3942 56 4383 42 5200 20 - 416r 2T 

56:00 3932 57 4370 41 5224 17 4171 28 
:20 3921 61 4360 39 5250 20 4183 32 
:4o 3914 56 4352 41 5278 19 4197 30 

57:00 3910 61 4345 42 5307 18 4148 30 
:20 3909 60 4341 44 5336 19 4167 27 
:40 3909 62 4339 47 5367 20 4187 30 

5a:oo 3912 53 4339 47 5400 17 
:20 3919 58 4341 49 5434 18 
:40 3927 54 4345 49 5470 17 

59:00 3937 62 4351 48 5507 15 
:20 3950 66 4360 51 5544 20, 
:40 3965 60 4370 50 5583 16 1200:00 3983 61 4383 50 5623 18 

ll3 



Table A-23. Satellite EGRS 9, Orbit 823 

UT (hr) Azores Paramaribo Bermuda I Panama 
r [km] 1 c r;.11 r rkml 1 r. fi.11 I" rkml 1 c rn1 r fkml t lC fMl 

0940:00 4867 75 I 
:20 I 4910 72 4532 16 
:40 4955 76 4848 35 4551 10 

41:00 5000 78 4792 31 4638 8 
:20 5048 79 4737 40 4595 12 
:40 5097 82 4684 33 4619 12 

42:00 5147 81 4631 32 4646 10 6043 13 
:20 5198 75 4581 33 4674 11 6009 16 
:40 5252 80 4531 31 4704 10 5980 10 

43:00 5305 4483 31 4736 11 5953 11 
:20 5359 4437 27 4770 14 5930 10 
:40 5415 88 4392 31 4805 10 5901 14 

44:00 5472 91 4354 34 4841 13 5877 13 
:20 5531 95 4308 34 4946 16 5854 19 
:40 4269 33 4920 19 5838 15 

45:00 4232 32 4961 15 5813 17 
:20 4196 32 5004 16 5795 13 
:40 4163 33 5048 19 5777 13 

46:00 5094 19 5241 18 

I 
:20 4102 29 5140 20 5227 15 
:40 4075 32 5189 21 5213 16 

47:00 -4050 32 -5238 21 5202 16 
:20 4027 32 5289 17 5191 15 
:40 4006 33 5340 23 5178 16 

48:00 5393 17 5171 16 
:20 3973 33 5447 23 5165 18 
:40 3959 32 5502 19 5161 16 

49:00 3948 33 5558 19 5058 15 
:20 

I 
3940 32 5615 21 5056 13 

:40 3934 31 5673 21 5056 16 
50:00 3931 33 5732 27 5057 13 

:20 3935 35 5792 28 5150 15 
-

ll4 



Table A-24. Satellite EGRS 9, Orbit 865 ,_ 

UT (hr) 
Paramaribo· Austin Bermuda Panama 

·- r [km] 1 c fl.11 r [km] i c rr.n r [km] lC [Ml r [km] lC [M] 
1006:40 3986 10 

07:00 6003 34 3971 9 
:20 5999 31 3959 11 
:40 5995 33 3949 15 

08:00 5992 34 3941 13 
:20 5991 33 3936 11 
:40 5992 32 3933 12 

09:00 5993 34 3933 13 
:20 5996 35 3935 13 
:40 5210 53 6001 36 3939 11 

10:00 5150 64 6006 33 3942 14 
:20 5089 65 6012 34 3955 15 
:40 5028 60 6020 38 3968 16 4843 18 

n:oo 4969 62 6029 36 3982 16 5186 19 
:·20 4911 59 6040 34 3999 15 5204 15 
:4o 4855 55 6051 37 4017 16 5157 15 

12:00 4800 57 6065 35 4039 17 5177 18 
:20 4745 56 6078 39 4061 16 5132 '13 
:40 4692 55 6093 35 4088 18 5089 13 

13:00 4640 54 6110 39 4115 18 5047 16 
:20 4591 54 6127 39 4145 18 5006 '14 
:40 4542 $3- . el% . 35 . 4177 17 . 4968 16-

14:00 4495 52 6166 40 4212 18 4930 15 
:20 4450 53 6187 37 4248 18 4894 12 
:40 4407 53 6210 37 4286 20 4860 14 

ls:oo 4365 53 6235 37 4325 22 4826 13 
:20 4325 51 6258 40 4367 22 4795 14 
:40 4287 51 6284 38 4410 20 4766 12 

16:00 4251 52 6311 39 4456 21 4737 14 
:20 4217 50 6339 41 4202 l 21 4712 15 
:40 4185 50 6368 41 4550 23 4687 17 

17:00 4155 50 6398 41 4600 22 4664 15 
:20 4127 49 6429 41 4651 23 4644 11 
:40 4101 52 6461 44 4704 24 4625 14 

18:00 4078 50 6495 43 4759 27 4609 16 
:20 4057 50 6529 46 4814 26 4594 14 
:40 4038 50 6563 41 4870 26 4582 16 19:00 4021 51 6600 43 4928 27 4570 13 
:20 4007 50 6638 43 4988 26 4562 11 
:4o 3996 50 6674 45 5048 26 4555 12 20:00 3987. 50 6714 45 5109 29 4551 12 
:20 3980 52 6753 48 5171 30 4548 9 :40 3976 51 6794 43 5234 27 4547 13 21 :oo 3974 58 6835 46 5298 34 4549 7 

IJS 



Table A-25. Satellite EGRS 9, Orbit 895 

Panama Austin Bermuda Worthington 
UT (hr) r f km] 1 c r:n r f kml 1r. fill r f km] 1 c fr·ll r fkml 1c nn .. 

2305:40 3952 200 5882 243 6851 276 
06:00 I 3944 195 5822 243 . 6779 268 

:20 9383 192 5764 237 5455· 117 6706 266 
:40 3935 188 5706 231 5398 114 6634 268 

07:00 3934 189 5649 225 5343 106 6563 254 
:20 3936 187 5528 224 5289 107 6492 247 
:40 3940 183 5539 217 5236 101 6421 246 

08:00 3946 210 5419 214 5184 101 6350 240 
:20 3955 205 5367 210 5133 99 6281 235 
:40 3967 217 5314 206 5083 97 6211 229 

07:00 3980 200 5330 200 5035 94 6143 227 
:20 3996 195 5215 199 4987 96 6074 221 
:40 4015 177 5167 191 4942 88 6007 215 

10:00 4036 168 5121 191 4897 86 5940 211 
:20 4059 166 5075 180 4854 85 5873 198 
:40 4084 166 5031 179 4813 86 5807 194 

11:00 4111 165 4989 174 4773 82 5742 186 
:20 4141 167 4948 168 4734 83 5678 186 
:40 4172 164 4909 169 4697 87 5614 182 

12:00 4206 164 4871 164 4662 78 5552 177 
:20 4241 167 4834 163 4628 81 5490 174 
:40 4279. T63 4800 l62 4.s96 77 5429 172 

13:00 4318 168 4766 157 4566 77 5369 163 
:20 4359 167 4735 157 4538 77 5310 160 
:40 4402 167 4706 157 4511 76 5252 159 

14:00 4446 166 4678 152 4487 74 5195 156 
:20 4492 168 4652 152 4464 73 5139 156 
:40 4540 165 4628 152 4443 71 5084 153 

15:00 4589 169 4606 149 4424 73 5030 148 
:20 4640 168 4586 150 4407 72 4978 147 
:40 4692 170 4568 148 4392 72 4927 146 

16:00 4745 174 4552 147 4379 73 4877 141 
:20 4800 172 4538 146 4368 72 4829 142 
:40 4856 173 4526 144 4359 65 4782 137 

17:00 4913 170 4516 144 4352 66 4·736 136 
:20 4972 175 4608 145 4348 66 4693 134 
:40 5031 176 4502 141 4355 68 4650 130 

18:00 5091 177 4499 140 4344 67 4610 127 
:20 5153 178 4497 139 4346 68 4571 125 
:40 5214 175 4498 138 4350 65 4533 124 

19:00 5279 181 4500 141 4355 65 4498 123 
:20 5343 184 4505 139 4363 66 4464 122 
:40 5408 185 4512 138 4373 68 4432 122 

20:00 5473 193 4521 141 4384 68 4403 118 
:20 5540 195 4532 140 4398 69 4375 117 
:40 5607 191 4546 142 4414 69 4349 119 

21:00 4561 144 4432 69 4325 116 
: 2C 5744 213 4578 140 4451 69 4303 114 
:40 5813 210 4597 141 4473 68 4284 113 

22:0( 5883 202 4618 144 4496 70 4266 112 -
116 



Table A-26. Satellite EGRS 9, Orbit 912 ·--
: UT (hr P8M8[-1A_ AUSTIN BERMUDA I WORTHINGTON 

I- r [km] 1C f:·11 r [km] 1 c rm r [ km] I l C fM] r rkml lC fM] 
2353:20 4232 165 6278 84 6369 155 

:40 4233 162 5053 142 6164 85 6296 151 
54:00 4237 159 4993 137 611/ 86 6223 145 

:20 4243 159 4936 132 6071 82 6151 144 
:40 4250 157 4880 131 6026 79 6080. 142 

55:00 4261 154 4825 125 5982 80 6009 137 
:20 4273 152 4771 122 5939 77 5938 133 
:40 4287 149 4718 115 5897 74 5868 131 

56:00 4304 146 4666 112 5856 79 5799 126 
:20 4322 141 4616 108 5816 72 5730 120 
:40 4343 144 J568 107 5777 76 5662 121 57:00 4366 145 4521 106 5739 72 5594 116 
:20 4390 145 4475 107 5703 73 5528 115 
:40 4417 144 4431 103 5668 69 5462 111 58:00 4446 146 4389 102 5634 71 5396 108 
:20 4476 140 4349 99 5601 66 5332 100 
:40 4508 138 4310 98 5569 69 5268 99 59:00 4542 149 4273 97 5539 72 5205 96 
:20 4578 145 4239 95 5510 68 5144 94 
:40 4615 142 4206 93 5482 68 5083 88 2400:00 4654 137 4175 94 5456 67 5023 86 
:20 4695 l4l 4146 9-3- .. 543-l &7 4964 88 :4o 4737 142 4119 92 5408 69 4907 87 01 :oo 4787 140 4095 88 5386 67 4850 8a :20 4072 88 5365 63 4795 85 :40 

02:00 
:20 3980 84 4403 69 :4o 4361 66 

117 



Table A-27. Satellite EGRS 9, Orbit 945 -
UT (hr) Panama Austin Bermuda J Worthington -

r (km] IC n.11 r [km] lC [f.11 r [km] l c ff.11 r [km] lC [Ml 
2235:20 I 3972 138 5423 121 

:40 3970 146 5818 254 5395 121-
36:00 3969 145 5762 248 5273 118 

:20 3970 140 5641 242 5218 117 
:40 3973 140 5652 238 5164 113 

37:00 3979 143 5534 231 5111 111 
:20 3988 143 5482 225 5059 109 6352 251 
:40 3998 141 5431 203 5009 107 6283 247 

38:00 4011 143 5381 235 4960 106 6214 240 
:20 4027 142 4912 104 6146 237 
:40 4045 139 5350 211 4865 103 6079 233 

39:00 4065 139 5238 201 4820 100 6012 226 
:2J 4087 137 5193 200 4776 97 5946 223 
:40 4111 135 5150 197 4734 92 5881 211 

40:00 4138 138 5107 193 4693 91 5816 209 
:20 4167 140 5067 190 4654 90 5752 211 
:40 4198 144 5027 187 4617 86 5689 200 

41:00 4230 147 4990 184 4581 89 5627 193 
:20 4265 148 4953 183 4547 88 5565 188 
:40 4302 149 4918 182 4514 87 5504 176 

42:00 - -4-340 - 152 4886 U7 4483 86 5445 T73 
:20 4381 151 4854 176 4455 83 5386 174 
:40 4423 156 4825 172 4428 83 5328 171 

43:00 4467 150 4797 170 4403 81 5271 170 
:20 4512 160 4771 166 4380 82 5215 163 
:40 4559 160 4747 166 4358 82 5161 162 

44:00 4608 161 4724 163 4339 82 5107 163 
:20 4658 165 4704 164 4322 81 5055 155 
:40 4709 166 4685 161 4307 79 5004 151 

45:00 4762 166 4668 159 4294 81 4955 150 
:20 48.16 163 4283 81 4906 150 
:40 4871 168 4275 79 4859 144 

46:00 4928 173 4268 79 4814 143 
:20 4986 178 4621 150 4263 78 4770 139 
:40 5044 181 4615 142 4261 78 4728 139 

47:00 5104 175 4261 75 4687 136 
:20 5165 183 4263 78 4648 132 
:40 5227 186 4267 74 4610 129 

48:00 5290 188 4273 75 4575 129 
:20 5354 192 4281 77 4541 128 
:40 5418 197 4618 148 4291 77 4509 125 

49:00 5483 200 4625 147 4304 76 4478 124 
:20 5549 193 4318 76 4450 122 
:40 4335 77 4424 119 

50:00 4353 76 4400 119 
:20 4374 78 4377 120 
:40 4694 135 4396 81 4357 117 

51:00 4421 -81 4339 117 

118 



Table A-28. Satellite EGRS 9, Orbit 957 -
UT (hr) 

Panama Austin Bermuda I Worthinqton 

- r [kml 1 c r:.11 r f kri 1 1 r. rrn r [lo-m] lC ff.11 r f kml 1c nu. 
1004:20 I 5360 28 4216 7 4737 1 

:40 5340 33 4119 9 
05:00 5316 23 4090 8 4756 4 

:20 5293 26 4064 1 4767 4 
:40 5272 22 4039 1 4781 3 

06:00 ' 5252 28 4017 1 4796 6 
:20 6215 19 5233 27 3997 8 4814 2 
:40 6182 20 5216 26 3980 7 4833 1 

07:00 5589 20 5201 29 3964 9 4853 2 
:20 4998 22 5187 28 3952 9 4876 1 
:40 5456 20 5175 28 3942 9 4900 4 

08:00 5390 19 5099 29 3934 7 4925 4 
:20 5326 20 5091 30 3920 7 4953 7 
:40 5261 18 5084 30 3926 8 4981 6 

09:.oo 5198 18 5078 32 3926 9 5012 7 
:20 5136 20 5074 34 3928 11 5044 8 
:4o 5074 18 5072 32 3933 11 5078 6 10:00 5014 17 5072 35 3940 10 ' 5112 9 
:20 4955 20 5073 34 3950 10 5148 7 
:4o 4897 18 5076 35 3962 11 5186 10 

11 :oo 4840 20 SOSO 36 .. 3977 n 5225· . 9-
:20 4784 17 5087 36 3994 12 5266 9 
:4o 4730 19 5095 39 4013 12 5308 10 12:00 4677 17 5104 38 4035 10 5351 13 
:20 4625 15 5116 37 4059 11 5395 15 
:40 4574 16 5129 38 4085 12 5440 13 13:00 4526 18 5143 39 4114 13 5487 14 
:20 4478 15 5159 38 4145 13 5534 11 
:4o 4433 16 5177 38 4177 15 5583 20 14:00 4389 17 5197 38 4212 14 5633 19 
:20 4346 18 5218 39 4249 15 5684 21 
:40 4306 13 5240 37 4288 15 5736 23 ls:oo 4267 14 5264 36 4329 16 5789 19 
:20 4231 14 5290 38 4372 16 5843 25 
:4o 4196 15 5317 38 4416 17 5897 29 16:00 4163 16 5346 37 4462 18 5993 32 
:20 4132 13 5376 35 4510 17 6009 28 
:40 4104 15 5407 37 4559 17 6066 29 17:00 4077 13 5440 35 4610 17 6124 32 
:20 4053 13 5474 36 4662 20 6183 36 
:40 4031 13 5509 36 4716 20 6242 41 18:00 4011 14 5546 36 4771 19 6302 37 :20 ·3994 14 5584 37 4827 21 6363 40 :40 3979 13 5624 37· 4885 22 6425 40 19:00 3966 13 5664 37 4944 22 6487 42 :20 3956 15 5706 37 5004 22 6550 43 :40 3949 14 5749 35 5065 24 6613 41 20:00 3944 14 5793 37 5127 25 6676 47 

ll9 



Table A-29. Satellite EGRS 9, Orbit 1057 -
I 

UT (hr) Paramaribo Austin Bermuda I Panama -
r [km] 1c DiJ r [km] l c rr.n r [km] lC [M] r [km] lC [Ml 

0904:40 5470 32 3917 15 
05:00 5392 32 3901 15 

:20 5382 32 3888 16 
:40 5438 32 3877 17 5534 26 

06:00 5365 3€ 3869 18 5471 25 
:20 5359 38 3863 18 5407 24 
:40 5355 35. 3860 16 5345 23 

07:00 5541 16 5352 35 3860 18 5284 24 
:20 5538 27 5350 35 3863 15 5223 22 
:40 5422 24 5351 35 3867 18 5164 23 

08:00 5364 23 5352 34 3874 20 5106 21 
:20 5307 23 5355 38 3884 19 5048 24 
:40 5251 19 5360 37 3896 20 4992 21 

09:00 5196 22 5367 37 3911 20 4936 19 
:20 5143 24 5374 39 3928 21 4883 19 
:40 . 5091 23 5384 39 3948 20 4830 24 

10:00 5035 22 5395 36 3970 18 4780 18 
:20 4990 20 5407 38 3995 19 4729 21 
:40 4942 19 5422 40 4021 20 4681 22 

11:00 4952 23 5437 38 4050 19 4633 18 
:20 5~511- 40 .. 408~ 2-0 4588 18 
:40 4801 10 5538 40 4114 22 4544 19 

12:00 4759 22 5492 40 4150 22 4502 18 
:20 4723 19 5514 42 4187 22 4461 16 
:40 4684 20 5537 42 4226 22 4423 18 

13:00 4647 20 5561 44 4268 23 4385 17 
:20 4612 21 5587 40 4311 24 4350 17 
:40 4578 20 5614 44 4356 24 4317 17 

14:00 4546 21 5646 41 4403 26 4285 17 
:20 4517 21 5738 41 4451 26 4256 16 
:40 4489 21 5703 41 4500 27 4229 16 

15:00 4463 20 5739 41 4552 27 4204 14 
:20 4440 19 5702 41 4605 27 4180 14 
:40 4418 18 5929 4660 27 4160 14 

16:00 4398 19 4715 28 4142 15 
:20 4381 23 4773 28 4125 16 
:40 4366 20 4831 29 4111 18 

17:00 4353 20 4~91 28 4100 18 
:20 4342 21 4951 28 4090 15 
:40 4333 18 5013 28 4083 15 

18:00 4326 21 5076 29 4078 16 
:20 4322 22 5140 32 4076 15 
:40 4320 19 5204 33 4076 13 

19:00 4320 18 5270 31 4079 15 
:20 4323 19 4083 12 
:40 4328 20 4091 16 

20:00 4335 19 4101 16 
:20 4344 20 ~ 

:40 4356 21 
II 21:00 4370 20 

120 



Table A-30. Satellite EGRS 9, Orbit 1074 ,_ 

UT (hr) Paramaribo Austin Panama J Bermuda 
1- r [kmJ 1 c r:.11 r [km] 1 c Jill r [km] lC rMl r [km] lC [M] 

0951:20 4510 16 4300 7 
:40 4487 17 4290 10 52:00 4467 18 4282 9 
:20 4448 18 4277 9 
:40 4431 22 4274 11 53:00 4416 19 4273 9 :20 4403 21 5149. 16 4274 8 
:40 4393 19 5084 19 4278 10 54:00 4384 21 5021 18 4284 10 
:20 4378 22 4960 17 4292 10 :40 6156 68 4373 20 4899 14 4303 11 55:00 6117. 64 4371 20 4839 14 4316 11 :20 6075 63 4370 22 4780 14 4331 9 
:40 6033 61 4373 22 4722 16 4349 6 56:.oo 5994 62 4376 19 4666 13 4368 10 :20 5955 62 4383 20 4611 14 4390 11 :40 5917 64 4391 25 4558 15 4414 12 57:00 5881 65 4401 23 4506 12 4436 13 :20 5780 63 4414 22 4455 14 4467 15 :4o 4428 22 4407 12 4497 15, 58:00 4445 22 .. 4358_ . 12- . 4529. 15.. :20 5749 66 4464 22 4314 14 4663 16 :40 5720 65 4484 23 4270 12 4599 18 59:00 5692 67 4506 24 4229 13 4636 22 :20 5666 66 4531 27 4189 13 4675 16 :4o 5640 67 4557 23 4151 12 4716 17 1000:00 5616 72 4586 23 4115 11 4758 16 :20 5594 68 4616 25 4081 12 4802 20 :4o 5574 70 4648 27 4050 14 4848 23 01 :oo 5555 70 4681 23 4020 12 4895 22 :20 5537 68 4716 28 3993 12 4944 23 :40 5522 69 4754 28 3968 13 4994 25 02:00 5507 68 4792 30 3945 13 5050 26 :20 5494 71 4833 30 3925 12 5098 25 :40 5483 72 4874 31 3907 11 5152 27 03:00 5474 70 3892 13 5207 28 :20 5466 70 4962 32 3879 12 5263 28 :40 5460 72 5008 29 3869 11 5321 28 04:00 5455 73 5056 32 3861 12 5379 29 :20 5452 73 5105 31 3856 10 5439 30 :40 5451 75 5159 31 3854 11 5500 30 05:oo 5452 75 5207 31 3854 12 5560 33 :20 5454 73 5259 30 3856 11 5623 32 :40 5457 . 77 5313 30 3862 10 5686 34 06:00 

5730 33 

121 



Table A-31. Satellite EGRS 9, Orbit 1115 
-

UT (hr) Azores Paramaribo . Bermuda Panama 
r fkml le r:.n r fkml 1r. fill r [km] l c fi·ll r fkml 1 c frl] 

-

0730:20 4566 11 4312 17 
:40 4578 12 4293 16 6666 28 

31:00 4592 13 4276 15 6614 31 
:20 4609 11 4261 15 6561 24 
:40 4627 13 5793 8 4247 15 6509 25 

32:00 4648 9 5721 16 4237 17 6458 29 
:20 4671 14 5650 14 4228 20 6411 19 
:40 4695 13 5510 18 4221 17 6357 24 

33:00 4721 15 5441 12 4217 16 6308 25 
:20 4750 12 5373 14 4215 20 6260 24 
:40 4780 16 5306 17 4215 19 6212 26 

34:00 4812 13 5239 14 4217 19 6166 26 
:20 4846 16 5113 14 4220 19 6120 19 
:40 4881 19 5108 11 4228 21 6075 21 

35:00 4918 19 5044 12 4237 21 6031 20 
:20 4957 18 4981 8 4248 21 5989 20 
:40 4998 20 4119 11 4262 22 5947 15 

36:00 5040 18 4859 7 4277 23 5906 21 
:20 5083 23 4798 14 4295 22 5866 19 
:AO 5128 21 4740 8 4315 23 5827 17 

37:00 5174 24 4083 iO .. 4337 24 5790 18 
:20 5222 26 4627 10 4360 24 5754 24 
:40 5271 15 4571 10 4386 25 5718 24 

38:00 5322 11 4518 10 4414 28 5684 17 
:20 5377 21 4467 9 4444 25 5652 13 
:40 5433 20 4416 6 5620 20 

39:00 5480 21 4368 12 5590 17 
:20 5535 20 4321 9 5561 14 
:40 5591 22 4276 8 5534 20 

40:00 5648 19 4232 11 5507 18 
:20 5706 22 4191 6 5483 17 
:40 5765 24 4151 8 5460 16 

41:00 5825 24 4114 9 5438 16 
:20 5886 23 4078 8 5418 14 
:40 5947 24 4045 8 5399 18 

42:00 6010 24 4013 8 5382 21 
:20 6073 24 3984 9 5366 16 
:40 6137 21 3958 9 5352 17 

43:00 6201 25 3933 7 5340 14 
:20 6266 28 3911 10 5329 16 
:40 6332 24 3891 11 5319 17 

44:00 6399 26 3874 7 5316 17 
:20 6466 26 3860 8 5306 14 
:40 6533 26 3847 9 5302 12 

45ioo 6601 28 5299 15 
:20 6670 28 3831 8 5298 21 
:40 3826 6 5299 11 

46:00 3825 7 - 5301 19 

122 



Table A-32. Satellite EGRS 9, Orbit 1178 ,_ 
UT lhrl Azores Paramaribo Bermuda ... Panam;i 

------ r [km] 1 c r:.11 r [km] lC JMl r [km] l C [M] r [km] lC fMl 
1912:20 5670 155 

:40 6692 125 3973 136 5541 159 
13:00 6634 122 3978 134 5477 147 

:20 6577 118 3986 137 5414 147 
:4o 6521 115 3996 134 5353 144 14:00 6465 131 4009 139 5292 141 
:20 6410 129 5232 130 
:40 6355 96 4072 137 5173 129 15:00 6302 103 4083 136 5115 124 
:20 6249 96 5059 126 
:40 6196 92 4107 138 5003 123 16:00 6144 8~ 4133 132 4949 122 
:20 6094 90 4162 133 4895 119 :40 6045 86 4192 139 4844 121 17:00 5996 85 4225 140 4793 115 5426 185 :20 5948 89 4259 144 4744 115 5443 184 :40 5901 88 4295 148 4696 113 5443 184 18:00 5855 82 4333 143 4650 111 5453 183 :20 5810 83 4373 145 4605 109 5465 186 :4o 5766 80 4415 148 4562 106 5479 186 19:00 5723 n 4459- 146 . 452-0 . l06- . 5495- 189 :20 5681 74 4504 149 4480 103 5511 184 :4o 5641 72 4550 146 4442 105 5530 187 20:00 5601 69 4599 151 4406 100 5550 189 :20 5563 65 4648 152 4372 99 5571 190 :40 5526 82 4699 154 4339 99 5594 192 21:00 5490 87 4752 158 4308 98 5619 193 :20 5454 76 4805 157 4280 96 5644 194 :4o 5422 78 4860 162 4253 96 5672 195 22:00 5363 58 4917 162 4229 91 :20 5358 63 4974 162 4206 91 :40 5308 63 5033 165 4186 90 5829 203 23:00 5301 63 5092 168 4168 88 :20 5274 61 5153 169 4152 89 :40 5249 61 5214 171 4139 87 5864 202 24:00 5225 60 5277 172 4127 86 5905 207 :20 

I 
5203 58 5340 176 4118 85 5938 209 :40 5182 59 5404 178 4112 84 5977 . 207 25:00 5163 61 5469 180 4107 86 6018 212 :20 5145 60 5535 183 4105 87 6059 215 :40 5129 57 5602 187 4106 85 6101 215 26:00 5114 57 5669 190 4108 80 6145 219 :20 5100 55 5732 195 4113 84 6190 219 :40 5089 61 4121 79 6235 220 27:00 5079 51 4130 82 6285 224 :20 5071 53 4142 82 6330 227 :4o 5064 50 4156 82 6378 233 28:00 5059 56 4173 83 

123 



Table A-33. Satellite EGRS 9, Orbit 1182 

UT (hr) Azores Paramaribo Bermuda Panama 

r f kml 1 c n.n r f kml l r. fMl r fkml 1 c rr.n r [kml lC rMl 
0743:'20 5256 11 

:40 5260 14 6574 40 6562 23 
44:00 5265 18 6504 36 6493 20 

:20 5273 15 6430 34 4105 13 6425 23 
:40 5282 11 6356 35 4088 14 6357 26 

45:00 5293 17 6279 37 4056 15 6290 20 
:20 5306 17 6206 36 4026 16 6223 19 
:40 5321 18 6138 32 3998 16 6157 13 

46:00 5337 19 6067 37 3972 17 6092 18 
:20 5355 20 5996 31 3949 15 6026 21 
:40 5375 20 5925 35 3928 16 5962 14 

47:00 5396 18 5855 33 3909 16 5898 18 
:20 541~ 19 5786 30 3893 16 5835 17 
:40 5444 19 5718 31 3879 17 5772 23 

48:00 5471 24 5650 32 3868 18 5711 17 
:20 5498 19 5583 30 3859 16 5650 19 
:40 5528 21 5516 29 3853 16 5589 20 

49:00 5559 22 5451 28 3849 19 5530 17 
:20 5591 23 5386 27 3848 17 .5472 19 
:40 5625 22 5323 30 3849 19 5414 16 

50:()0 -5660 . 18 5260 26 3853 17 5302 19 
:20 5697 24 5198 29 3859 18 
:40 5735 22 5137 26 3869 18 5247 15 

51:00 5774 20 5078 26 3880 17 5194 16 
:20 5815 25 5019 26 3894 16 5142 16 
:40 5856 20 4962 25 3911 17 5091 11 

52:00 5899 23 4906 29 3930 19 5041 11 
:20 5943 32 4851 26 3951 20 4992 11 
:40 5989 28 4797 25 3975 20 4945 17 

53:00 6036 31 4745 27 4001 21 4899 14 
:20 6083 34 4695 24 4029 21 4854 12 
:40 6132 32 4645 26 4060 20 4811 15 

54:00 6181 40 4598 25 4092 20 4770 10 
:20 6232 43 4552 23 4127 21 4730 14 
:40 6283 39 4508 25 4164 21 4692 15 

55:00 6336 37 4465 26 4203 20 4655 14 
:20 6389 36 4424 25 4244 21 4620 14 
:40 6444 45 4385 24 4286 23 4587 14 

56:00 6498 45 4348 24 4331 26 4555 7 
:20 6554 47 4313 24 4377 24 4526 4 
:40 6611 44 4280 23 4425 26 4498 8 

57:00 6668 56 4249 21 4474 27 
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Table A-34. Satellite EGRS 9, Orbit 1203 ·-
UT (hr) Dakar Azores Paramaribo I Bermuda 

,_ r [km] 1C fl.11 r f km] lC lMJ r [km] lC [1-1] r [km] 1C [M] 

1856:20 6757 181 3986 184 
:40 6727 175 3985 185 

57:00 6668 173 3987 181 5586 152 ;20 6610 169 3991 179 5542 148 
:40 6552 160 3998 179 5479 145 

58:00 6029 176 6494 156 4007 179 5417 145 
:20 6082 170 6438 158 4018 177 5356 140 
:40 6079 169 6382 150 4031 179 5295 137 

59:00 61$6 163 6326 142 4047 175 5236 137 
:20 6132 162 6270 148 4065 177 5178 136 
:40 6130 158 6218 145 4086 177 . 5121 131 19oo:oo 6129 154 6165 141 4108 178 5065 131 
:20 6132 151 6113 141 4133 178 5010 128 
:-40 6134 146 6061 140 4160 177 4956 126 or:oo 6136 141 6011 132 4189 177 4903 120 
:20 6140 136 5961 129 4220 177 4852 114 :40 6145 136 5916 128 4253 180 4802 112 02:00 6151 130 5864 123 4288 182 4754 115 :20 6155 130 5818 114 4325 184 4707 111 
:40 5772 116 4364 188 4661 111 03:00 5TZT TOS- -- 4-4u4- Tffo 46T8 108 :20 5683 104 4447 186 4575 109 :40 

04:00 5599 99 4536 192 4495 103 :20 5558 97 4583 195 4458 102 :40 5519 97 4423 100 05:oo 5481 95 4389 99 :20 5444 94 4357 98 :40 5409 93 4328 96 06:00 6252 92 5374 93 4299 95 :20 6272 88 5341 89 4274 93 :4o 5310 90 4250 91 07:00 6317 89 5379 89 4229 88 :20 5251 89 4209 87 :4o 6369 84 5223 87 4192 87 08:00 6454 77 5197 84 4177 85 :20 6486 74 5173 81 4164 86 :4o 5150 79 4154 84 09:00 5128 79 4146 83 :20 5108 77 4140 79 :4o 5090 82 4136 82 lo:oo 5073 80 4135 80 :20 5058 78 4136 83 :40 5044 79 4139 81 ll:oo 5032 75 4145 83 :20 5026 76 4153 80 :4o 5013 76 4163 84 12:00 5006 75 4176 85 :20 5004 73 4191 84 
-- ----~··-·-
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Table A-35. Satellite EGRS 9, Orbit 1235 
-

UT (hd I Dakar Azores ParamarH>o Bermuda -
r [kml 1 c r:.11 · r rkml 1 r. f M 1 r rkml 1 c f[.11 r [kml lC rMl 

1740:00 5839 180 4802 257 
:20 5774 175 4805 255 
:40 5677 172 48li 254 

41:00 5647 171 4817 254 
:20 5584 165 4827 258 
:40 5523 159 4837 257 

42:00 5461 154 4851 255 
:20 5401 150 4865 259 
:40 5343 134 4881 257 

43:00 4738 74 5284 134 4899 257 
:20 4743 72 5227 140 4919 259 
:40 4751 69 5171 142 4941 256 

44:00 4761 72 5116 139 4965 258 5687 251 
:20 4773 72 5062 136 4990 258 5641 250 
:40 5009 135 5017 262 5597 244 

45:00 4957 132 5045 259 5554 238 
:20 4907 131 5076 261 5512 236 
:40 4858 128 5103 266 5471 232 

46:00 4810 126 5141 263 5432 230 
:-20 471i4 124 5176 267 5393 221 
:40 4719 115 5212 269 5357 221 

47:00 4675 114 5250 268 5322 218 
:20 4955 81 4633 112 5290 270' 5288 219 
:40 4983 84 4593 106 5330 268 5256 210 

48:00 5078 90 4554 107 5372 272 5225 211 
:20 5110 89 4517 111 5415 271 5196 204 . 
:40 5077 89 4482 109 5460 273 5168 202 I 

49:00 4448 109 5506 277 5143 197 
:20 5151 84 4416 103 5553 282 5118 196 
:40 5251 93 4386 105 5601 287 5096 194 

50:00 4358 105 5650 284 5074 196 
:20 4332 l 01 5700 291 5055 196 
:40 4307 99 5752 290 5038 196 

51 :00 4285 99 5804 295 5022 194 
:20 4265 96 5858 297 5008 192 
:40 4247 92 5912 300 4996 190 

52:00 4231 92 4986 190 
:20 4217 90 4977 190 
:40 4204 92 4971 190 

53:00 4195 92 6000 327 4966 189 
:20 4220 92 6199 316 4963 189 
:40 4182 93 6257 318 4963 189 

54:00 4139 94 6318 326 4964 185 
:20 4116 59 6379 324 4967 188 
:40 4113 93 6440 327 4972 183 

55:00 6569 333 4979 178 
-
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Table A-36. Satellite EGRS 9, Orbit 1261 ,_ 

UT (hr) Dakar Azores Paramaribo I Bermuda 

- r [km] 1 c r:.11 r [km] i c rr.n r [km] lC [fl] r [km] lC [M] 
1723:40 5885 146 

24:00 4727 275 5915 146 4873 264- 6463 257 
:20 4709 290 5848 143 4873 264 6405 254 
:40 4697 289 5783 141 6349 253 

25:00 4687 291 5718 139 4880 257 6292 246 
:20 4679 290 5654 132 4885 253 6237 239 
:40 4672 285 5591 127 4893 252 6182 233 

26:00 4668 290 5528 123 4902 252 6128 226 
:20 4665 289 5483 123 4913 251 6075 218 
:40 4665 286 5406 114 4926 252 6023 213 

27:00 4666 288 5346 114 4941 253 5972 212 
:20 4669 289 5287 111 4958 249 5922 204 
:40 4674 289 5229 112 4976 250 5873 202 

28:·oo 4681 290 5172 109 4996 248 5825 196 
:20 4690 288 5116 112 5018 253 5778 194 
:4o 4700 287 5061 106 5042 251 5732 189 

29:00 4713 289 5007 104 5067 253 5687 184 
:20 4727 289 4954 l 01 5094 251 5643 180 
:4o 4743 289 4903 93 5123 254 5600 177 

30:oo 4761 290 4853 84 5153 253 5559 167 
:20 4785 291 4821 85 5185 - 2-55- 5519- 168 
:40 4741 283 4757 89 5218 255 5480 166 

31:00 4764 290 4711 88 5253 254 5443 164 
:20 4851 293 4666 89 5289 253 5407 168 
:40 4877 294 4623 85 5377 253 5373 160 

32:00 4906 297 4852 85 5366 258 5339 161 
:20 4935 299 4542 83 5406 259 5308 l 58 
:4o 4967 299 4504 84 5448 256 5278 158 

33:00 4999 299 4467 81 5249 153 
:20 5034 298 4432 82 5535 264 5222 153 
:40 5069 295 4399 78 5580 267 5197 150 

34:00 5107 306 4368 78 5627 278 5173 150 
:20 4339 75 5675 278 5151 144 
:4o 4311 70 5724 263 5065 141 

35:00 4286 74 5774 275 5112 151 
:20 4263 68 5825 270 5095 l 50 
:40 4258 72 5881 276 5080 149 

36:00 4222 71 5066 148 
:20 4205 71 6326 286 5055 148 
:4o 4189 70 6386 389 5045 148 37:00 4176 70 6447 294 5037 149 
:20 4166 70 5031 145 
:40 4157 71 5026 142 

38:00 4151 69 5024 144 
:20 4146 68 5023 140 
:40 4161 65 5025 144 39:00 4153 61 5028 145 
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Table A-37. Satellite EGRS 9, Orbit 1273 
-

UT (hr) Dakar Azores Paramaribo I Bermuda -
r [km] 1 c r:.n r f km] l c fill r [km] lC [r-1} r [km] 1c DH 

0455:20 3851 4 5590 44 
:40 5055 14 3860 3 5586 42 

56:00 5004 11 3871 7 6485 56 5584 45 
:20 4953 13 3885 6 6425 53 I 5583 44 f 

:40 4904 13 3902 6 6307 54 I 5584 48 
57:00 4857 11 1921 5 6309 56 5586 43 

:20 4810 10 3943 4 6252 . 56 5590 43 
:40 3866 6 6195 56 5595 42 

58:00 3993 5 5140 51 5601 46 
:20 4021 4 6085 51 5609 43 
:40 4646 2 4053 6 6030 50 5618 44 

59:00 4604 10 4085 7 5977 49 5629 45 
:20 4569 13 4120 7 5924 46 5641 46 
:40 4534 7 4157 5 5873 50 5655 44 

0500:00 4502 12 4196 6 5822 52 5670 46 
:20 4471 8 4238 5 5686 46 
:40 4444 9 4280 4 5704 47 

01:00 4417 9 4325 5 5676 49 5723 47 
:20 4393 10 4372 6 5629 49 5744 50 
:40 4371 -9 tl~20 6 5583 o4 57£5 50 

02:00 4351 7 4474 4 5539 47 5788 53 
:20 4338 7 4521 2 5813 53 
:40 4318 8 4575 7 5453 46 5839 52 

03:00 4305 11 4629 14 5412 40 5866 53 
:20 4294 9 4685 12 5373 41 5894 54 
:40 '4285 8 4742 14 5334 46 5923 54 

04:00 4279 8 4800 17 5297 41 5954 51 
:20 4275 10 4860 16 5262 43 5986 56 
:40 4273 11 4920 20 5228 42 6019 53 

05:00 4273 9 4983 23 5195 41 6053 52 
:20 4277 9 5045 28 5164 43 6088 53 
:40 4281 9 5110 26 5134 42 6125 56 

06:00 4289 10 5175 32 5106 40 6162 57 
:20 4299 13 5240 35 5080 44 6201 60 
:40 4311 12 5307 37 5055 40 6241 58 

07:00 4325 12 5375 37 5031 40 62b1 58 
:20 4342 14 5444 43 5011 39 6323 59 
:40 4360 15 5517 40 4991 40 6366 60 

08:00 4381 14 5583 46 4972 43 6409 66 
:20 4404 13 5654 46 4957 42 6454 66 
:40 4429 16 5725 47 4942 40 6500 66 

09:00 4456 15 5797 47 4930 40 6545 66 
:20 4485 14 5869 48 4920 39 6592 70 
:40 4518 16 5942 52 4910 37 6640 69 

10:00 4549 16 6016 56 4903 37 6689 71 

-
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Table A-38. Satellite EGRS 9, Orbit 1466 ,_ 

UT (tir) Ascension Paramaribo Natal # I Dakar 

·- r [km] 1 c [:.1] r [km] l c fi·ll r [km] 1£ rr-n r [km] lC [Ml 
0400:00 4769 155 

:20 4729 157 
:40 4690 111 

01:00 4654 113 
:20 4619 106 
:40 4586 l 01 

02:00 6266 lld 4554 102 4779 75 
:20 4525 108 4778 72 
:40 5881 112 4497 100 4780 76 03:00 5838 106 4472 98 4784 80 
:20 5800 108 4448 98 
:40 5765 110 4426 98 

04:00 5730 108 
~20 5537 l 02 4440 93 
·:40 5528 107 4349 89 4834 81 os:oo 5505 108 4340 95 4849 80 
:20 5464 99 4329 99 4867 82 
:40 4327 93 4886 84 06:00 5479 106 4327 92 4908 84 :20 5387 89 4330 95 4931 83 
:40 5377 93- 4334 91 

07:00 5368 86 4380 115 5041 59 :20 5361 82 4390 no 3909 47 5073 59 :40 5356 85 4408 71 3904 47 4107 66 08:00 5350 82 4427 104 3902 61 5142 65 :20 5351 82 4449 l 07 3903 61 5178 68 :40 4473 111 3906 66 5218 71 09:00 5354 82 4513 113 3912 60 5256 66 :20 5358 84 4640 116 3920 61 5297 67 :40 5364 84 4658 114 3931 58 5339 62 lo:oo 5372 85 4695 116 5383 64 :20 5382 82 4734 121 3960 66 
:4o 5393 82 4775 120 3978 64 5474 76 11 :oo 5406 81 4817 125 3999 63 5522 89 :20 5425 80 4861 120 4022 63 5574 105 :4o 5435 82 4902 146 4047 69 5620 114 12:00 5453 80 4074 70 :20 5913 110 :40 5940 123 13:00 6307 169 :20 6353 169 :4o 6415 170 
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Table A-39. Satellite EGRS 9, Orbit 1596 

UT (hr) Natal Paramaribo Dakar I Azores -
r [km] 1 c r;.11 r f km] lC ff.11 r [km] l c [f.1] . r jkm] lC [Ml 

1551: 20 I 4890 256 
:40 4929 258 

52:00 4971 260 3992 216 
:20 5014 261 4000 213 6472 249 
:40 5059 261 4011 216 6415 251 

53:00 5104 270 4025 217 6353 248 
:20 4040 219 6136 223 6300 238 
:40 4058 221 6132 220 6248 239 

54:00 4078 221 6128 226 6193 233 
:20 5300 291 4101 227 6127 227 6140 229 
:40 5352 299 4125 239 6126 231 6087 225 

55:00 5405 313 4152 224 6127 227 6035 227 
:20 5458 316 4181 230 6129 231 5984 224 
:40 5514 322 4212 230 6133 227 5934 222 

56:00 5570 324 4245 231 6141 228 5884 215 
:20 5626 336 4280 236 6143 227 5836 213 
:40 4317 235 6150 231 5789 208 

57:00 4355 241 6158 234 5742 207 
:20 5800 354 4396 246 6167 234 5697 204 
:40 5862 361 6178 235 5653 197 

58:00 5922 364 5609 1~3 
:20 5983 373 5567 191 
:40 5527 188 

59:00 4622 261 5486 189 
:20 5448 191 
:40 5410 186 

1600:00 i ~ 6219 240 5374 185 
:20 6305 240 5340 181 
:40 6326 243 5306 178 

01:00 4943 291 6347 244 5275 173 
:20 6370 249 5243 172 
:40 6630 465 6394 250 5214 172 

02:00 6697 480 6424 248 5187 168 :20 . 6765 492 6445 248 5160 169 
:40 6833 508 6473 249 5135 168 

03:00 6901 512 6500 251 5,112 167 
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Table A-40. Satellite EGRS 9, Orbit 1608 , __ 

UT (hr Natal I Paramribo Dakar I Azores - r [kml , c r"t I I 1'1 . r [kml l c rr.1 1 r lkrn] lC r.r-11 r [km] i c rr·1J _ 
0324:40 I 4465 32 25:00 

I 5779 33 4494 32 
:20 5323 93 4525 33 
:40 5257 96 4557 36 26:00 5192 94 4593 35 
:20 5128 91 4629 38 :40 5065 95 4667 39 27:00 5003 94 4708 36 
:20 6102 183. 4942 94 4749 38 :40 6035 182 4882 92 4793 41 28:00 5970 174 4823 93 4838 42 
:20 5905 164 4766 88 4885 43 
:40 4710 93 4933 42 2.!:!':oo 4655 90 4983 46 
:20 4601 96 5034 44 :40 5653 145 4549 90 5086 45 30:00 5592 154 4500 86 5140 46 
:20 5533 153 4450 87 5195 50 :40 5474 149 4402 82 5251 49 31:00 4333 83 5308 53 :20 4JTJ 8T 5360 56 :40 5585 128 5425 52 32:00 5249 111 4230 86 5487 52 :20 5196 111 4192 85 5548 54 :40 5144 115 4156 84 5609 60 33:00 5090 115 4121 36 5673 57 :20 5044 106 4090 86 5733 64 :40 4996 106 4060 85 5654 173 5802 63 34:00 4950 105 4032 86 5670 185 5863 66 :20 4905 105 4006 89 5688 184 5930 64 :40 4861 112 3983 89 5708 185 5947 70 35:00 3963 89 5729 193 6065 75 :20 3944 86 5752 204 6134 79 :40 3928 85 5777 ao9 6201 77 36:00 4704 93 3914 87 5802 208 6304 76 :20 4668 99 3903 88 5829 213 6341 81 :40 4635 96 3895 86 5857 201 6411 79 37:00 4603 96 3889 90 5887 208 6482 80 :20 3886 89 5918 202 :40 4546 92 3885 89 5950 198 38:00 4520 97 3887 95 5984 188 :20 4497 93 
:4o 4475 93 

39:00 4455 91 
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Table A-41. Satellite EGRS. 9, Orbit 1620 -
UT (hr Ascension Paramaribo Natal I Dakar- -

r [km] 1 c r:.n r [km] 1 c rn 1 r [km] lC [r-1] r [kmJ lC [MJ 

1526: 20 4453 233 6893 214 
:40 4750 270 4438 228 6872 222 ' 

27:00 I 6007 166 4707 262 4425 229 6830 238 
:20 6077 173 4556 261 4414 227 
:40 4608 252 4406 228 

28:00 4560 247 4399 227 
:20 4515 244 4395 227 
:40 4471 239 4393 224 

29:00 6184 154 4428 228 4392 227 6599 225 
:20 6131 151 4383 237 4394 225 6564 227 
:40 6211 150 4398 229 6529 231 

30:00 6161 152 4311 224 4405 225 6500 224 
:20 6178 151 4276 219 4413 233 6464 221 
:40 6130 145 4242 218 4424 234 6433 221 

31:00 6149 185 4211 216 4436 234 6337 224 
:20 4181 212 4450 231 
:40 4154 208 4467 234 

32:00 4128 210 4486 235 
:20 6303 148 4105 205 4506 239 
:40 -4084 203 4529 244 6268 233 

33:00 6358 153 4013 199 4553 244 6129 240 
:20 4006 195 4579 248 
:40 6533 154 4001 198 4603 258 

34:00 
:20 
:40 4733 257 

35:00 4737 255 
--
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Table A-42. Satellite EGRS 9, Orbit 1636 
·-

UT (hr Ascension Paramaribo Natal J Dakar 
·- r [km] 1 c r:.:1 r [km] l c rrn r [kml l c rr.11 r rkml lC fM] 

1321 :00 4061 175 
:20 4049 171 4654 206 
:40 4036 170 6814 191 4631 205 

22:00 4026 169 6777 184 4610 202 
:20 4018 168 6740 168 4590 200 
:40 4012 168 .6705 159 4573 199 

23:00 4008 167 4558 198 
:20 4007 168 4544 200 
:40 6571 140 

24:00 6539 128 
:20 4018 164 6509 128 
:40 4027 166 

?5:00 4038 164 6452 109 4826 305 
:20 4051 164 4776 294 
:40 4066 160 6374 94 '4718 295 

26:00 6351 90 4669 290 
:20 6328 82 
:40 4126 178 6307 77 

27:00 4150 181 6286 73 4529 196 4519 2&4 
:20 4177 180 fi2fiZ 68- . 45.40 . 200 . 4478 2B3 
:40 4205 182 I 4552 201 4435 276 

28:00 4236 185 4567 203 4393 275 
:20 4268 186 4584 205 4353 271 
:40 4303 193 4602 207 4314 2C8 

29:00 4339 194 6217 59 4623 207 4278 260 
:20 6203 57 4645 209 4243 259 
:40 6190 54 4670 215 4210 257 

30:00 6178 53 4696 215 4179 254 :20 4502 203 6168 42 4724 217 4151 248 
:40 4547 208 6159 48 4753 217 4124 249 31 :oo 4593 213 6151 41 4785 225 4100 248 :20 4641 216 6144 40 4818 226 4007 248 :40 4691 218 6139 43 4852 231 4057 242 32:00 4741 221 6135 40 4889 238 4039 244 :20 4728 228 6133 35 4927 235 4024 242 :40 4847 233 6132 35 4966 240 4011 235 33:00 4902 234 6132 32 5007 237 4000 237 :20 4958 242 3991 236 :40 5016 246 3985 238 34:00 5074 249 3981 235 
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Table A-43. Satellite EGRS 9, Orbit 1645 

UT (hr ila ta l Paramaribo Dakar I Azores 
r [km] 1 c r:n r [km] l C r11l r [km] lC rt·i] r [km] l c [rl] 

1520:00 I 4020 163 6612 293 
:20 4021 161 
:40 6491 284 

21:00 
:20 4906 48 4038 160 
:40 4950 51 4048 157 

22:00 4996 59 4061 162 
:20 5044 63 4076 160 6200 267 
:40 5094 66 4093 160 5945 157 6144 264 

23:00 5144 71 4112 163 5942 153 6089 258 
:20 5196 82 4134 167 5940 152 6034 248 
:40 5249 87 4158 163 5940 152 5980 242 

24:00 5302 91 4185 165 5941 148 5928 233 
:20 4213 169 5944 146 5875 238 
:40 4243 171 

25:00 4275 168 
:20 5527 l 07 4309 169 
:40 5585 117 

I 26:00 5646 130 4383 180 5629 223 
:20 -4422 176 5584 211 
:40 5538 209 

27:00 5829 152 4507 182 5494 207 
:20 5892 154 4552 183 5451 208 
:40 5955 163 4598 192 5410 205 

28:00 6020 161 4646 193 5370 203 
:20 4695 193 5330 200 
:40 5293 198 

29:00 5256 193 
:20 5221 190 
:40 5187 183 

30:00 5155 186 
:20 5124 181 
:40 5095 185 

31:00 6620 226 5067 192 
:20 6688 238 5040 174 
:40 6757 236 5016 174 

32:00 6827 249 4992 i76 
I -
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Table A-44. Satellite EGRS 9, Orbit 1653. ---UT (hr Ascension I Paramaribo Natal .. I Dakar ---· ,_ r r km] 1c r:.n r [km] lC fill r fkml 1 c G·ll r [kml lC DlJ l 
1408: 20 11 4713 264 5648 307 

:40 4726 261 5601 307 
09:00 4723 261 5555 302 

:20 4787 262 5511 294 
:40 4784 268 5467 292 4000 194 

10:00 4725 267 5425 287 3986 195 
:20 4729 265 5384 282 3975 193 
:40 4736 266 5344 280 3966 192 

11:00 4745 268 5306 271 
:20 4755 269 5269 270 3955 189 
:40 4767 274 5233 265 

12:00 4781 276 5199 261 3954 192 
" :20 4797 276 5166 260 3957 189 

:40 5135 256 3962 189 
13:00 4834 278 3970 191 

:20 4855 283 5076 250 3981 194 
:40 4879 282 5049 252 3993 198 5098 381 

14:00 4903 280 

I 
5025 248 4008 204 5060 379 

:20 4930 288 5009 249 5023 377 
:40 4SZS 2-48- ~89- 3n 

15:00 4959 245 4091 206 4955 371 
:20 4941 236 4117 201 
:40 5052 294 4924 236 4145 209 4893 370 

16:00 5087 302 4910 231 4175 210 4865 366 
:20 5123 308 4896 235 4208 211 4838 369 
:40 5161 313 4885 236 4813 367 

17:00 4876 232 4242 214 4789 365 
:20 4868 233 4278 223 4768 360 
:40 5281 319 4863 231 4317 228 4748 359 

18:00 4859 216 4357 229 4730 355 
:20 4857 230 4398 234 4714 355 
:40 4857 228 4442 242 4700 352 

19:00 5459 348 4858 229 4487 248 4687 349 
:20 4862 229 4534 246 4677 347 

. :40 5556 360 4868 229 4582 252 4668 348 
20:00 5605 362 4875 226 4632 255 4662 349 

:20 5656 363 4884 226 4683 260 4657 352 
:40 5709 372 4895 230 4735 266 4654 354 

21 :oo 4908 229 4789 269 4653 354 
:20 4923 227 4844 270 4654 348 
:40 4940 230 4900 282 

22:00 4958 231 4958 297 
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Table A-45. Satellite EGRS 9, Orbit 2186 

UT (hr) Ft. Lamy Ascension Natal i Dakar 
r [kml 1 c r:.n r [km] lC rr.11 r [km] 1 C JM] r rkm] lC rMl 

0741:00 4454 47 
:20 5278 177 4444 51 6332 41 
:40 5228 176 4436 51 6320 33 

42:00 5179 176 4429 50 6309 33 
:20 5131 170 4476 46 6299 33 5506 78 
:40 5081 155 4423 50 6290 31 5488 74 

t3:00 4876 159 4423 50 6283 30 5431 70 
:20 
:40 

44:00 
:20 

4430 :40 4839 159 50 6277 36 5376 71 
45:00 4803 158 4364 52 6272 32 5321 70 

:20 4769 146 4436 54 6269 36 5267 76 
:40 4737 150 4445 52 6266 34 5215 71 

46:00 4706 148 4456 ~2 6274 34 5162 72 
:20 4677 152 6279 36 5114 . 71 
:40 4650 148 6286 37 5065 69 

4"l:OO. 4625 . 150 4500 55 6294 35 5018 68 
:20 4602 147 4519 55 6303 36 4884 6.9 
:40 4581 149 4540 58 6313 37 4841 68 

48:00 4557 143 4563 57 6325 41 4802 67 
: 20 4544 148 4587 59 6338 38 4764 66 
:40 4528 151 4614 61 6352 39 4727 65 

49:00 4515 146 4775 63 6367 41 4691 66 
:20 4504 145 4812 63 6384 41 4658 63 
:40 4494 146 4851 67 6402 43 4627 66 

50:00 4487 147 4891 69 6421 39 4597 61 
:20 4569 61 
:40 4543 61 
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Table A-46. Satellite EGRS 9, Orbit 2191 ,_ 

UT (hr) Ft. Lamy Ascension Natal I Dakar 
,_ r [kml 1c r:n r lkm] lC rr.11 r [km] 1C [HJ r [km] lC fMl 

2032:00 5112 310 3918 156 
:20 5366 129 3913 149 
:40 5371 133 5053 297 5732 331 3911 154 33:00 5436 113 4927 288 5682 335 3911 152 
:20 5453 112 4868 290 5632 325 3914 152 
:40 4810 282 5583 317 3920 155 34:00 5507 100 4753 279 5536 308 3928 156 
:20 5545 l 01 4590 269 5316 292 3968 137 
:40 5558 99 4538 266 5276 289 3951 149 35:00 5583 106 4488 265 5237 285 3966 154 
:20 5610 102 4440 262 5198 283 3984 155 :40 5638 100 , 5164 280 4004 159 36:00 5668 98 4348 253 5089 280 4027 162 :20 5700 96 4304 250 5087 276 4051 165 :40 5732 102 4263 249 5066 271 4078 168 37:00 5766 l 05 4223 245 5035 269 4107 173 :20 5801 106 4185 240 5007 265 4138 166 :40 5837 116 4149 237 4980 264 4172 168 38:00 5875 114 4116 230 4955 265 4207 16] :20 5913 120 4084 228 4932 264 4244 158 :40 5953 128 4027 220 4911 256 4283 161 39:00 5994 1'32 4002 221 4891 256 4324 166 :20 6037 138 3979 219 4874 255 4367 164 :40 6079 129 3958 215 4858 253 4412 163 40:00 6125 135 3940 214 4843 252 4458 156 :20 3925 210 483-1 250 4506 144 :40 3911 214 4821 250 4556 157 41:00 3901 215 4606 167 :20 4659 170 :40 4713 174 42:00 4768 179 
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Table A-47. Satellite E@S 9, Orbit 2203 

UT (hr) Ft. Lamy Ascension I Natal Dakar 
r il.!!!l lC f:.!] .. r [km] ll. [fl] I r [km] 1 c ri·1l r f km] 1C_fil]_ 

0828:00 5011 46 
:20 
:40 

29:00 3891 48 4974 36 5056 97 
:20 3891 50 4897 34 4992 89 
:40 3893 49 4954 36 4927 89 

30:00 6046 229 3898 52 4947 34 4867 89 
:20 6014 232 3905 52 4808 87 
:40 5983 232 3915 54 4938 34 4751 80 

31:00 5954 227 3927 55 4936 32 4695 80 
:20 5926 225 3942 55 4836 34 4640 77 
:40 5890 227 3959 57 4937 35 4586 74 

32:00 5873 222 3978 54 4941 32 4534 73 
:20 5849 228 4000 58 4946 46 4484 75 
:40 5826 226 4024 58 4954 41 4434 70 

33:00 5804 226 4050 61 4963 43 4387 70 
:20 5784 225 4079 59 4974 42 4341 70 
:40 5765 223 4110 57 4986 41 4297 69 

-34:00 5747. 225 4146 £J 5001 43 4255 71 
:20 5731 227 4177 65 5017 45 4214 68 
:40 5035 43 4176 66 

35:00 4139 61 
:20 5683 249 4214 63 4105 61 
:40 5681 226 4253 66 5055 45' 4072 62 

36:00 56.72 225 4293 63 5076 43 4042 63 
:20 5665 225 4340 66 5099 48 4014 62 
:40 4388 71 5124 47 

37:00 5655 228 4426 72 5151 49 3965 62 
:20 5652 225 4574 78 3943 62 
:40 5650 226 4626 78 5077 48 3925 63 

38:00 5650 227 4679 80 3908 56 
:20 5652 227 4739 79 3894 56 
:40 5655 225 4791 85 5380 52 3883 58 

39:00 5659 228 4848 87 5418 56 3874 58 
:20 5665 228 4907 87 5458 54 3867 56 
:40 5672 228 4967 92 5499 55 3864 58 

40:00 5681 231 5028 95 5542 59 3862 61 
:20 5692 233 5090 94 5586 60 3864 56 
:40 5153 96 5631 59 3867 57 

41:00 5217 102 5677 69 3874 56 
:20 5130 235 5282 69 5730 69 3883 57 
:40 5746 238 5348 85 5773 69 3894 57 

42:00 5763 244 5414 106 5823 70 3908 57 
:20 5782 241 5482 111 5874 73 
:40 5550 117 5925 76 

43:00 - 396S 53 
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Table A-48. Satellite EGRS 9, Orbit 2211 -
UT (hr) Ft Lamy Ascension Natal I Dakar 

- r [km] 1 c r:.n r [km] lC ff.11 r [kml 1 c rr.i 1 r rkml 1c r:u 
0725:00 4531 39 6458 36 

:20 5275 157 4518 44 6443 36 
:40 5249 151 4507 45 6430 40 5801 80 

26:00 5198 148 4498 47 6417 39 5740 77 
:20 5148 147 4A91 45 6406 31 5681 72 
:40 5099 145 4485 45 6396 31 5622 70 

27:00 5051 144 4482 45 6387 32 5565 70 
:20 5015 119 4481 44 6379 34 5508 68 
:40 4961 138 4483 45 6373 35 5452 64 

28:00 4917 137 4486 46 63.68 32 5398 62 
:20 4875 133 4491 51 6364 29 5344 68 
:40 4835 134 4499 48 6361 33 5292 63 

29:00 4797 132 4508 49 6359 32 5240 68 
:20 4759 131 4620 47 6359 32 5190 66 
:40 4724 134 4533 32 6360 30 5141 64 

30:00 4690 131 4549 57 6362 34 5094 64 
:20 4658 140 4566 50 6365 33 

I :40 4628 129 4586 50 6370 ·31 
31:00 4600 127 

--
4607 51 --6375 36 . - 4959 60 

120 4574 123 4631 53 6382 37 4917 58 
:40 4549 126 4656 54 6391 39 4876 59 

32:00 4526 124 4683 54 6400 36 4837 58 
:20 4506 128 4712 55 6411 40 4800 59 
:40 4487 124 4743 53 6423 38 4764 59 

33:00 4470 125 4774 54 6436 38 4730 59 
:20 4456 126 6451 35 4698 56 
:40 4443 123 6466 35 4666 57 

34:00 4433 125 6483 40 4639 56 
:20 4425 123 4612 54 
:40 4418 123 4587 55 

35:00 4410 121 6540 40 4564 50 
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Table A-49. Satellite EGRS 9, Orbit 3004 
-

UT (hr) Dak.::ir Catania Ft Lam·' C~1;1rus -.r..lJ5!n 1 1c r:n_ r .[km] lC fi.IL r r kiil] lC Ull r f kml 1 C.Jl:!J. .--·-

l 0018:00 3885 24 
:30 5893 41 6163 120 3856 22 

19:00 5852 41 5664 110 3834 21 5808 99 
:30 5814 43 5429 l 00 3816 22 5712 96 

20:00 5780 43 5327 97 3805 23 5637 93 
:30 5227 95 3800 23 5553 91 

21 :00 5722 43 5129 93 3801 22 
:30 5698 43 5033 88 3808 22 

22:00 5677 44 4939 88 3820 22 
:30 5660 48 4848 86 3839 23 5248 82 

23:00 5646 51 4759 82 3863 24 5178 80 
:30 4673 79 3893 26 5111 77 

24:00 3928 26 5047 71 
:30 3969 29 4987 72 

25:00 4435 73 4015 29 
:30 4065 27 

26:00 4294 65 4121 27 4826 66 
:30 4229 66 4181 - 28 4781 65 

2:7:00 I -4169 64 4245 Jl 4738 63 
:30 4113 62 4314 31 4700 60 

28:00 5108 68 4062 59 4388 32 4666 58 
:30 4636 56 

29:00 5763 75 3974 59 4623 40 4610 56 
:30 5798 71 4803 43 4589 56 

30:00 5833 76 3910 55 4572 56 
:30 5874 80 4559 54 

31 :00 5915 81 3862 50 4551 57 
:30 5961 85 4547 59 

32:00 6010 89 3839 51 4548 58 
:30 6055 93 3837 50 4554 57 --
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Table A-50. Satellite EGRS 9, Orbit 3071 

_ Dak~_: ___ =-i~ Ca~ania .. 
~ 

I UT !hi Ft Lamy Cyprus 

~035:30 
eL-1£<!!!1.~CUJl r•l lie r;11 r [km] 1 c r;.11 r [kml lC [M] 

5565 l 08 
36:00 I 5532 108 5130 35 4180 14 

:30 5440 105 5070 34 4181 13 
37:00 5350 102 5013 38 4188 19 

:30 5262 97 4960 34 4200 13 6140 128 
38:00 5176 92 4911 34 4218 13 6109 125 

:30 5093 89 4240 18 6045 123 
39:00 5013 88 4268 25 5984 123 

:30 4936 81 4300 21 5768 122 
40:00 4861 85 4337 19 5871 121 

:30 4790 81 4378 18 5818 114 

_4, ~~~ I 4722 79 4688 39 4424 20 5768 113 
4474 21 5721 108 

42:00 4528 23 5677 108 
:30 ,4586 28 5635 106 

43:00 I 4649 31 5561 103 
:30 4714 31 5561 98 

A4:00 I 4612 44 4783 33 5529 97 
:30 4613 45 -- 4855 34 5500 97 

45:00 4618 47 4931 40 5474 99 
:30 4628 51 5010 44 5432 99 

46:00 4643 53 5091 50 5423 101 
:30 4662 54 5174 53. 5417 102 

47:00 4224 60 4686 56 5260 53 5405 101 
:30 4208 61 4714 58 

48:00 
I 4201 54 4747 59 

:30 4201 60 4785 63 
49:00 4203 60 4826 66 

:30 4212 60 4872 69 
50:00 4254 58 4921 72 

:30 4309 58 4975 75 
s1:00 4333 63 
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Table A-51. Satellite EGRS 9, Orbit 3437 -
UT (hr)· Ft Lamy Cvorus Catania Addis Ababa M""' ,.,r1 -

r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M} r[km] lC[Ml 
0830:00 4221 90 4060 63 5972 191 

:30 4241 93 4082 59 6006 193 
31:00 4267 94 4105 58 5558 207 6046 195 

:30 4308 96 4150 66 6110 201 
32:00 4333 97 4176 66 5425 195 6143 199 

:30 4567 98 43.73 97 4219 67 6196 203 
33:00 4497 98 4417 99 4266 69 5285 189 6250 210 

:30 4430 94 4466 100 4317 68 5258 193 6309 217 
34:00 4367 93 4518 106 4374 71 6375 216 

:30 4307 88 4575 108 4432 72 6432 223 
35:00 4251 88 4636 109 4495 76 5086 177 6497 238 

:30 4200 90 4700 113 4563 77 5070 180 .6611 240 
36:00 4768 116 4632 77 6633 244 

:30 4112 85 4839 118 4706 83 6704 254 
37:00 4075 88 4913 120 4783 81 6776 254 

:30 4043 88 4991 124 - 4862 84 4934 177 6851 267 
38:00 4016 87 5071 125 4949 86 4924 179 6927 264 

:30 3994 86 5154 129 5030 88 4907 175 
39:_00 - -397-8. _as 5239 131 5118 94 4894 176 

:30 3967 88 5326 137 5208 93 4886 186 
40:00 3961 85 5416 143 5299 106 4881 160 

:30 3960 88 5508 149 5393 102 4885 171 
41:00 3965 87 5602 153 5493 106 4893 177 

:30 3976 88 5698 159 5587 109 4906 176 
42:00 3991 87 5795 162 5686 111 4922 183 

:30 4012 90 5294 166 5787 115 4943 183 
43:00 4039 91 5995 168 5890 121 4967 185 

:30 4071 94 6096 170 5993 121 
44:00 4106 96 6199 178 6100 135 

:30 4148 99 6303 188 6204 139 
45:00 4194 100 6408 191 6311 145 
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Table A-52. Satellite EGRS 9, Orbit 3445 -
UT (ht Ft Lamy Cyprus Catania I Addis 

,_ r [km] 1 c r:i 1 r [km] lC rf:l r [km] 1 c 11·1] r [km] lC [M] 

0727:30 5551 171 3970 86 
28:00 5476 167 3984 87 4666 69 

:30 5403 159 4003 89 4692 69 5027 173 
29:00 4722 73 4940 170 

:30 4756 76 4858 168 
30:00 5207 163 4091 93 4794 74 4780 164 

:30 5143 151 4130 95 4836 74 4702 162 
31:00 5084 148 4174 97 4881 75 4629 157 

:30 5029 146 4222 99 4931 77 4558 154 
32:00 4976 143 4275 l 02 4983 80 4492 148 

:30 4928 143 4332 104 5039 83 4429 149 
33:00 4883 142 4393 107 5097 85 
.. :30 4841 141 4457 110 5160 89 4316 145 

'34:00 4804 138 4528 113 5224 91 4265 144 
:30 4770 137 4598 114 5292 93 4219 140 

35:00 4740 136 4674 118 5362 97 4177 133 
:30 4751 121 4141 132 

36:00 4681 132 4833 128 5511 l 04 4108 132 
:30 4917 130 

37:00 466l Br 5Gu4 135 5668 109 4060 1':m 
:30 4652 134 5093 139 

38:00 4648 139 5184 144 5835 116 4032 130 
:30 4648 140 

39:00 4652 141 5374 153 6009 124 4026 129 
:30 

40:00 4673 142 5571 164 6189 131 4041 132 
:30 5671 171 

41:00 4711 144 6380 144 4077 133 
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Table A-53. Satellite EGRS 9, Orbit 3454 . 
-

UT (hr) 
Ft Lamy Cyprus Catania Addis 

r f km] 1C f:-11 r lkm] le nn r [km] l c r:n r [km] I l C [MJ. .. 
0919:00 4792 144 5139 194 4245 107 6427 106 

:20 4744 145 5172 200 4280 107 6399 120 
:40 4705 144 5200 199 4309 109 6376 112 

20:00 4664 140 5232 201 4344 l 09 6352 105 
:20 4625 138 .5267 201 4381 110 6330 l 08 
:40 4587 137 5302 202 , 4420 111 6309 102 

21 :00 4551 137 5339 203 4460 111 6290 102 
:20 4517 135 5378 206 4502 115 6270 103 
:40 4485 132 5418 210 4546 120 6253 103 

22:00 4455 131 5458 214 4592 119 6237 104 
:20 4426 133 5501 215 4639 122 6222 100 
:40 4400 133 5544 215 4687 125 6209 109 

23:00 4376 130 5590 219 4737 116 6197 105 
:20 4353 130 5636 221 4789 125 6186 105 
:40 4332 128 5686 221 4844 130 6176 127 

24:00 4315 129 5731 226 4895 130 6168 117 
:20 4300 129 5781 222 4951 129 6161 114 
:40 4286 128 5831 225 5007 143 6155 103 

25:00 4274 129 5993 2-32 5065 142 6152 100 
:20 4265 127 0935 238 5123 , 4, 6150 105 
:40 4257 129 5990 244 5182 149 6148 127 

26:00 4253 130 6044 246 5243 153. 6147 113 
:20 4251 129 5305 158 
:40 4251 128 5368 163 -
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Table A-54. Satellite EGRS 9, Orbit 3462 

UT (hr) 
Ft Lamy Cyprus Catania Addis Ababa Mashed 

I- r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[Ml rrkm] lfI!il ·-
0809:00 4139 57 

:30 
10:00 

4124 58 

:30 
11 :oo 

:30 
12:00 4157 85 

:30 5340 178 4155 82 4097 51 
13:00 5249 180 4154 88 4034 53 5883 269 

:30 5149 180 4159 90 4042 58 5801 263 5813 204 14:00 5065 171 4170 90 4055 60 5724 262 5849 217 
:30 4979 168 4185 89 4073 59 5886 197 ls:oo 4894 163 4205 90 4096 60 5928 196 
:30 4812 161 4230 91 4124 62 5971 205 16:00 4732 155 4260 92 4157 62 5436 243 6019 206 :30 4656 154 4294 92 4195 63 5370 234 6069 215 17:00 4578 152 4335 94 4237 61 5307 234 6121 218 :30 4511 149 4379 97 4284 67 5249 231 6177 229 18:00 4441 145 442ff 90 . 4335 . 6rr srrr . 220- -62J'J . 232 
:30 4390 68 19:00 4323 140 4449 68 6357 237 :3o 4268 139 4598 105 4512 71 6421 241 20:00 4216 138 4663 106 4578 '74 6489 250 :30 4170 133 4665 110 4648 77 4965 218 6557 261 21 :oo 4128 135 4675 115 4722 82 4931 215 6628 261 :30 4091 133 4798 83 4901 224 6701 274 22:00 4059 131 4877 87 4875 211 6776 280 :30 4032 131 4959 90 4853 214 6852 289 23:00 4010 131 5045 91 4835 213 6931 297 :30 3993 130 5131 98 4821 212 24:00 3981 128 5220 99 4812 210 
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Table A-55. Satellite EGRS 9, Orbit 3470 -
UT (hr),,_ Ft La!i'._ f Addis 

,,. 
I Cyprus Mashed 

I _r_[kmlu;__[;;J_ __ r [knD 1 c ri il r [k!ll] lC Ull r [km] I lC Hll 
0711 :30 II 4103 48 5284 191 4778 185 

12:00 3970 71 4802 149 
:30 3978 74 5041 190 4835 192 

13:00 3995 71 5012 177 4871 201 
:30 4010 74 4914 180 

14:00 4040 75 4958 177 
:30 4063 74 5006 185 

15:00 4098 75 5056 186 
:30 4137 77 5114 189 

16:00 5236 206 
:30 4229 83 5302 203 

17:00 I 4347 88 5369 210 
:30 4945 139 4398 90 4284 138 5441 213 

18:00 4904 138 4463 92 4243 136 5514 222 
:30 ! 4867 134 4531 93 4196 131 5591 242 

19:00 I 4834 134 4602 95 4153 131 5669 241 
:30 4804 134 4677 98 4116 132 5750 252 

20:00 4772 135 4756 100 4083 129 5833 270 
:30 4758 i 137 4837 105 4056 127 5919 292 

21:00 4740 
I 

130 lj.-gzr) l07 4034 l24 6006 300 
:30 5007 113 4017 129 6095 277 

22:00 4718 133 5096 116 4005 128 6185 288 
:30 4713 134 5187 116 3998 127 6277 294 

23:00 4713 138 5280 122 3998 129 6371 304 
:30 4717 138 5376 122 4002 131 6466 307 

24:00 4725 138 5473 129 4012 129 6562 310 
:30 4738 143 5572 136 4027 133 6660 369 

25:00 4754 145 5672 141 4048 133 6759 382 
:30 4775 145 5775 148 4073 146 6861 381 

26:00 4800 144 5878 153 -
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1--
- ' 

Table A 56 Satellite EGRS 9 Orbit 4885 

Mashed 
UT (hr) 

Singapore Chiang Mai Chagos Addis Ababa 

1-- r[km] lC[M] r[km} lC[M] r[km] 1 C[M] r[km] lCrMl rrkml lcrMl 
1733:20 4552 15 55.11 92 6190 84 

:4o 4593 18 5541 92 6162 81 
34:00 4635 17 5471 90 

:20 4679 18 6255 97 5402 91 6239 76 
:4o 4725 20 6228 94 5335 92 6082 73 

35:00 4771 20 6202 93 5221 88 5268 84 6056 76 
:20 4820 19 6177 94 5168 83 5200 88 6034 74 
:4o 4870 21 6"154 92 5182 87 5135 85 6012 68 

36:00 4921 21 6132 92 5198 89 5070 82 5991 65 
:20 4973 22 6112 88 5216 92 5007 81 5971 63 
:4o 5027 20 6092 88 5236 90 4944 78 5953 61 

37:00 5082 23 6075 88 4883 76 5936 63 
:20 5138 21 6058 90 5921 59 

" :40 
38:00 

:20 5313 23 
39:00 5435 26 5420 105 5860 56 

:20 5497 22 5989 81 5452 107 4489 71 5856 54 
:40 5560 25 5982 84 5486 106 4430 69 5850 53 

40:oo 5625 20 5977 82 5521 107 
--

4389 66 ' 5846 51 
:20 5640 24 5973 79 5843 56 
:4o 5755 26 5971 79 5841 51 

41:00 5821 24 5970 77 4252 68 5841' 51 
:20 5888 25 5970 80 4210 68 5842 44 
:4o 5955 26 5972 79 5718 -122 4170 67 

42:00 6024 23 5976 80 5765 131 4133 67 
:20 6093 24 5980 80 4096 66 
:4o 5987 80 5851 136 4063 67 

43:00 6233 31 5994 79 5897 135 4031 65 
:20 6303 30 6004 81 4002 66 
:4o -6374 33 6014 83 3975 62 5891 43 

44:00 6445 36 6026 85 6043 134 3950 62 
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Table A-57. Satellite EGRS 9, Orbit 4910 -
Singapore Mashed Chiang Mai Cha gos Addis Ababa_ 

UT (hr) 
r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] I r[km] ·1c1t!l 

1716:40 6380 172 5046 133 5824 236 
17:00 6343 169 5043 134 5780 235 

:20 6310 166 5042 133 5708 219 
:40 6276 163 5042 138 5636 214 6287 175 

18:00 6244 159 5044 138 5566 212 6258 174 
:20 6213 160 5049 138 5496 206 6230 163 
:40 6184 154 5055 139 5426 203 6200 172 

19:00 6155 152 5063 141 5357 201 6179 164 
:20 6124 157 5072 144 5290 192 
:40 6102 156 5084 145 5223 194 6132 149 

20:00 6078 154 5098 146 6110 151 
:20 6055 152 5113 148 5090 199 6090 148 
:40 6033 149 5130 152 5028 172 6070 146 

21:00 6013 148 5150 156 4965 171 6052 137 
:20 5994 144 5170 154 4903 167 6035 141 
:40 .5980 145 5192 157 4842 162 6020 135 

22:00 5894 146 5216 163 4782 157 
:20 5945 137 5766 165 4724 154 
:40 - --sg31 . -1-n 5278 l6ri 4titi7 148 5981 126 

23:00 5294 168 4611 146 5970 126 
:20 5329 175 4557 142 5962 126 
:40 5900 136 5362 182 4503 135 5954 127 

24:00 5892 135 4452 133 5948 125 
:20 5886 132 5668 154 4403 130 5943 120 
:40 5882 133 5671 150 4355 130 5938 121 

25:00 5879 130 5797 155 
:20 5877 131 5863 158 4264 127 
:40 5877 129 4221 124 6937 122 

26:00 5878 133 5996 159 4180 119 5939 121 
:20 5881 129 6064 160 4141 118 5943 116 
:40 5885 131 6132 162 4104 112 5948 117 

27:00 5891 134 6200 165 4069 109 5955 118 
:20 5898 132 6271 167 4037 109 5962 117 
:40 5906 128 6344 165 4006 102 

28:00 5916 132 6410 171 3978 99 

14& 



Table A-58. Satellite EGRS 9, Orbit 4918 ..._ 
UT (hr: ChienQ Mai Hong Kong Chaaos I Sinaann>"<> ·- r l kn!ll 1 c r ;.il r [km] 1 c_1u·1 r [km] l c lf.11 r [km] lC fMJ 

1612:20 5522 90 13:40 4132 37 5468 91 14·:·00 4114 40 5414 84 :20 4099 41 5012 34 5354 86 
:40 4086 36 5022 39 5311 80 15:00 4076 37 5032 39 6050 263 5261 81 :20 4068 45 5043 41 5984 255 5213 79 :40 4062 45 5057 38 5917 250 5166 75 16:00 4059 43 5080 41 5850 240 5120 73 :20 4058 44 5089 43 5785 234 5075 73 . :40 4060 49 5108 43 5719 222 5033 71 17.:oo 4064 46 5128 43 5655 213 4992 68 ' . :20 4071 45 5150 48 5592 215 4952 67 :40 4080 43 5175 45 

la:oo 4092 47 5200 48 5467 184 
:20 4106 47 5228 49 5406 181 
:40 4122 47 

lr 

5257 48 5346 173 19:00 4141 50 5287 49 '5287 168 
:20 4162 SS 53-19 52 5l29- 13£- 4750 55 :40 4185 55 5353 52 5172 153 4722 57 20:00 5116 148 4760 62 :20 4253 51 5430 50 5062 143 4673 60 :40 4268 53 5463 54 5008 139 4651 61 21 :oo 4300 54 5502 57 4956 136 4631 57 :20 4334 56 5543 58 4905 131 4613 60 :40 4370 58 5585 55 4856 128 4598 60 22:00 4807 124 4584 53 
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Table A-59. Satellite EGRS 9, Orbit 4935 
~ 

UT (hr) 
Singapore Chiang Mai Cha gos Addis 

~ 

r f kml 1 c r;.n r f km] , c ri 11 r fkml . 1 C rm r rkml lC rMl 

lYOl :20 6282 I 144 4970 118 5809 255 
:40 6245 147 4967 122 I 5737. 254 6414 174 

02:00 6211 143 4966 120 5665 255 
:20 6177 145 4967 120 5594 238 6356 156 
:40 6145 141 4971 123 5524 234 6328 137 

03:00 5454 222 
:20 5385 220 6277 150 
:40 4992 132 5333 208 

04:00 6029 135 5002 126 5250 210 6230 140 
:20 6003 121 5015 128 5183 204 6209 133 
:40 5979 127 5030 130 5118 198 6188 127 

05:00 5956 127 5046 135 5053 194 6173 109 
:20 5935 124 5064 134 4989 189 6151 116 
:40 5914 122 5084 138 4927 170 6134 117 

06:00 5896 123 5106 139 4866 168 6118 118 
:20 5878 123 4806 162 6104 109 
:40 5863 120 5154 139 4747 155 6091 112 

07:00 5848 123 5209 102 4689 147 6080 107 

I 
:--ZO 5835 11-9 4633 139 

115 :40 5823 118 4578 136 6060 
08:00 5813 120 5272 144 4524 127 6052 1 Ol 

:20 5805 120 5305 145 4471 124 
:40 5798 116 5340 149 4421 115 6040 99 

09:00 5793 114 5376 146 4372 108 75 :20 5789 108 5414 139 4325 102 6034 
:40 5786 114 5453 153 4280 99 6033 99 

10:00 5785 110 4301 96 6034 84 
:20 5785 112 5534 165 4195 91 
:40 5791 112 5578 162 4155 87 

11:00 5791 113 5622 169 4117 82 
:20 5796 115 5667 165 4081 79 91 :40 5802 116 5714 174 4047 78 6055 

12:00 5810 117 5761 176 4016 75 
:20 5820 118 3986 74 
:40 5831 117 3960 73 

13:00 5843 119 3935 71 
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Table A 60 Satellite EGRS 9 Orbit 4943 

Chiang Mai Hong Kong Cha gos Singapore Zamboango 
UT (hr) 

1--- r[km] IC[M] r[km] lC[M] r[km] lC[M] r[km] lCrMl r[km] lC[M] 
lssa:20 4084 84 4934 55 6323 245 5387 127 . :40 4067 87 4939 58 6255 246 5334 129 59:00 4053 88 4945 58 6186 247 5281 128 

:zo 4041 86 4954 58 6118 250 5231 126 : :40 4032 89 4964 60 6051 251 5181 125 1600:00 4025 89 49'77 64 5984 254 5132 123 :40 4973 121 01 :oo 4994 124 :20 4022 96 5045 67 5724 253 4953 122 6074 109 :40 4028 99 5066 69 5661 252 4912 118 6062 107 02:00 4036 102 5090 69 5598 252 4873 123 6052 107 :20. 4046 106 5115 72 5537 253 4835 130 6043 107 :40 4059 102 5142 73 5476 253 4799 123 6036 108 OJ:oo 4075 102 5170 77 5416 252 4764 113 6030 109 :20 4093 107 5200 81 5358 251 4732 116 6026 108 :40 4113 112 5232 84 5299 248 4701 112 6023 105 04:00 4642 119 I 6021 112 :20 4160 110 5300 85 5167 239 4645 120 6021 . 10£_ :40 4187 nz 5336 86 .. 5T33 239 4620 118 6022 106 os:oo 4216 113 5374 88 5079 228 4597 113 6025 105 :20 4247 119 5413 90 4576 114 6029 105 :40 4280 115 5454 92 4557 112 6034 104 06:00 4315 116 4927 212 4540 128 6041 104 :20 
:40 4397 128 5591 98 6059 104 07:00 4433 124 5629 100 4501 126 6071 103 :20 4476 126 5676 100 4492 120 6083 104 :40 4520 128 4486 119 6097 106 OS:oo 4566 129 4660 158 4482 114 6112 105 :20 4614 134 4622 153 4479 115 6129 111 :40 4663 140 4585 146 4479 114 6147 111 09:00 

4550 141 4481 118 6166 113 
~ "----
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Table A-61. Satellite EGRS 9, Orbit 4968 
-

Chieng Mai Hong Kong Cha gos I Singapore -UT (hr) 
r [km] 1 c f;_;_]_ [km] 1 C fH I r [km] le rrn r [kml 1 c f~·i] r 

1543:20 I 4871 129 I 

:40 4878 133 
44:00 4887 143 

:20 4899 145 5101 118 
:40 4912 146 5053 115 

45:00 4927 155 5006 122 
:20 4944 160 4961 112 
:40 4963 164 4917 111 

46:00 3989 159 4984 168 4875 112 
:20 3996 159 5007 174 4834 111 
:40 5608 33 4799 125 

47:00 5548 23 
:20 4031 171 5103 188 5489 25 4722 117 
:40 4048 158 5115 187 5430 30 4688 114 

48:00 4075 154 5146 193 4656 114 
:20 4088 140 5179 199 4625 115 
:40 I 4112 138 5213 151 5260 4597 125 

49:00 4138 132 5249 152 4571 125 
:20 4167 131 5287 144 4546 164 
:40 4197 128 5101 ' 57 4524 128 

50:00 4230 130 5366 223 5050 59 4503 136 
:20 4264 138 5408 225 5001 58 4485 131 
:40 4301 129 5451 231 4953 55 4469 122 

51:00 4339 126 5495 232 4906 53 4455 123 
:20 4-380 - 122 6541 235 4.86] so 4443 126 
:40 4467 119 481°7 42 4433 129 

52:00 4466 108 4775 40 
:20 4512 103 4734 34 4420 134 
:40 4559 99 5735 238 4417 140 

53:00 5786 244 4658 24 4415 137 
:20 5839 252 4622 18 4417 139 
:40 5947 257 4556 11 

152 



Table A-62. Satellite EGRS 9, Orbit 4976 ,_ 
.. > I 
UT (hr) Chiang Mai Hong Kong Cha gos Singa~ore 

--- r [ krn] -1.Lf_JJ__ r. [km] 1 c ri11 r [km] lC [ill r f km} lC D-iJ. 
1446:20 3975 126 4091 78 

:40 3998 129 4323 127 6314 347 4061 78 
47:00 

:20 4417 137 3998 80 
:40 4446 135 3969 78 

48:00 4112 127 4491 141 3944 80 
:20 4146 127 4538 143 3920 82 
:40 4183 128 4586 144 3899 84 

49.:00 4221 127 4636 149 6031 331 3880 84 
:20 4261 127 4688 152 5995 330 3864 86 
:40 4303 127 4741 151 5960 329 3850 87 

50:00 4346 125 4795 156 5926 322 3839 88 
:20 4392 127 4850 159 5894 312 3831 89 
:40 4439 126 4907 163 5862 302 3825 91 

51:00 4488 127 4965 165 5832 295 3821 94 
:20 4538 127 5025 167 5804 285 3821 93 
:40 4590 128 5776 274 3827 93 

52:00 4644 123 5750 260 3827 94 
. :20 4699 120 5209 177 5726 248 3834 95 

:40 4755 120 5273 178 5702 251 3844 96 
53:00 4812 121 5337 180 5681 245 3856 l 01 

:20 4871 120 5402 189 5660 234 3871 103 
:40 4931 121 5468 192 5641 228 3886 106 

54:00 4992 120 5535 l9p 5624 219 3908 110 
:20 5054 123 5603 199 

--
5608 213 3930 113 I 

:40 5117 126 5671 200 5594 207 3955 115 
55:00 5182 120 5740 202 5581 199 3982 116 

:20 5247 119 5810 203 5570 195 4011 121 
:40 5313 118 5880 207 5560 191 4042 123 

56:00 5379 114 5951 207 5552 186 4076 130 
:20 5971 116 6022 210 5541 182 4112 134 
:40 

57:00 6167 203 
:20 5655 108 6240 201 5336 179 
:40 5725 108 6313 200 5535 173 4274 149 

58:00 5796 112 6387 201 5537 174 4319 152 

153 



Table A-63. Satellite EGRS 9, Orbit 5108 

UT (hr) 
Chagos Ma shad 

I 
Addis I Cyprus ------

r lkn!l_ r [km] I lC [Ml. r1$r&1 [km] l.LJ:!! l 1 c [!-!] r '-d lv_J_•I : r 

0522:40 I . I 4303 155 
23:00 5244 13 4276 155 

:20 
:40 6131 261 4227 153 5708 188 

24:00 6080 255 4206 152 5640 173 
:20 5376 43 6013 250 4187 150 
:40 5412 39 4170 148 5501 170 

25:00 5450 50 5880 236 4156 149 5432 160 
:20 5490 53 5815 231 4144 148 5363 157 
:40 5750 222 5284 152 

26:00 5571 64 5686 219 4126 147 5755 155 
:20 5614 70 5623 213 4121 146 5686 153 
:40 5658 77 5561 208 4118 144 5621 136 

27:00 5500 202 4117 148 5625 152 
:20 5438 199 4119 146 5103 126 
:40 5378 190 4123 150 

28:00 5319 186 4129 150 
:20 5894 113 5261 182 4138 149 
:40 5945 120 5204 179 4150 150 

29:00 5996 130 5149 174 4162 151 
:20 5094 172 4178 152 
:"40 5040 169 

I 
4196 151 

30:00 4988 167 4216 147 
:20 lJ-gJ] T6-Z 4956 114 
:40 4887 159 4903 112 

31:00 4839 157 4850 l 09 
:20 6377 257 4792 155 4800 110 
:40 4747 154 4750 l 05 

32:00 6492 297 4702 149 4701 l 05 

154 



1-
Table A-64. Satellite EGRS 9, Orbit 5141 

UT (hr 
Cyprus Mashed Chiang Mai Cha gos Addis Ababa --- r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lCfMl rf kml 1C[M] 

0408:20 5222 116 
:40 5382 156 5214 119 09:00 6458 98 5315 152 6210 158 4787 174 5207 119 
:20 6399 98 5249 146 6196 160 4839 179 5202 117 
:4o 6340 92 5185 141 6183 159 4894 172 5200 119 10:00 6282 84 5120 140 6171 164 4949 191 5198 121 
:20 6224 83 5058 135 6161 165 5006 200 5198 118 :40 6233 76 4996 133 6151 165 5064 206 5200 116 11 :oo 4935 133 6143 168 5123 212 5204 119 :20 6056 96 4875 127 6136 168 5184 204 5210 118 :4o 6002 94 4816 123 6131 169 5244 208 5217 120 12:00 5949 90 4759 122 6127 172 5306 214 5226 121 :20 5896 93 4702 116 6124 173 5237 123 :40 5845 92 4647 115 6121 177 4249 122 13:00 5795 85 6121 182 5496 228 5264 125 :20 5746 88 4542 113 6121 181 5562 234 5216 121 :40 5698 87 4491 111 6124 177 5628 243 14:00 5651 86 4442 107 6127 192 5696 249 :20 5605 83 4394 106 6132 184 5763 252 :40 5560 82 4349 106 6137 187 5832 249 ls:oo 5517 78 4305 105 5900 268 :20 5475 77 4262 101 . 5910 . 269 154{)~ i28-:40 5435 76 4222 101 6039 266 16:00 5395 72 4183 100 6172 191 6109 286 :20 5358 66 4146 97 6184 193 6180 289 5527 134 :4o 5321 67 4112 97 6197 200 6252 292 5560 137 17:00 5286 67 4079 97 6211 194 6323 276 5595 138 :20 5253 69 4049 93 6395 302 5631 140 :4o 5221 70 4021 95 6242 204 6468 315 5668 151 18:00 5191 71 3995 89 6260 199 6541 325 . ...___ 

155 



Table A-65. Satellite EGRS 9, Orbit 5153 --
Chagos Mashed Addis Ababa Cyprus Chiang Mai__ 

UT (hr) 
1~ r[km] 1C[M] r[km] lC[M] r[km] lC[M] r[km] lCfMl rf km] 

1540: 20 4079 52 5723 158 
:40 4102 57 6138 352 5741 166 5552 85 

42:00 4126 60 6096 346 5761 169 5543 80 
:20 4153 58 6055 337 5782 168 
:40 4182 59 6015 328 5805 169 5530 87 

43:00 6013 65 4213 60 5828 171 5527 91 
:20 5942 73 4246 61 5854 174 5524 93 
:40 5871 67 4281 62 5880 172 5524 90 

44:00 5801 72 4318 64 5907 175 5525 92 
:20 5731 81 4356 66 5936 178 
:40 5665 90 4397 67 5798 292 5966 181 5533 90 

45:00 5594 95 4439 68 5766 283 5997 183 5534 98 
:20 5526 100 4483 69 5735 282 6029 185 5547 98 
:40 5460 98 4529 70 5705 270 6063 187 5557 100 

46:00 5394 103 4576 74 5677 269 6097 193 5568 102 
:20 5329 105 4625 75 5650 269 5581 99 
:40 5265 106 4676 81 5624 254 

47:00 5202 112 4727 84 5600 256 I 5623 112 :20 5140 110 4781 83 5577 245 
:40 5079 108 4835 86 5556 243 

48:00 5019 104 4891 90 5536 238 
:20 4960 106 4949 94 5517 236 

--

:40 4902 101 5007 9B -ssoo 234 
49:00 4845 106 5066 99 5485 231 

:20 4792 105 5126 104 5471 225 
:40 4737 104 518'8 108 5459 221 

50:00 4685 98 5250 115 5447 222 
:20 4633 96 5313 120 5438 217 
:40 4584 89 5377 129 5430 212 

51 :00 4536 90 5443 137 5424 214 
:20 4490 84 5509 148 5419 209 
:40 4446 81 5575 153 5416 210 

52:00 4420 78 5643 163 5415 205 
:20 4329 83 5415 202 
:40 4322 71 5780 181 5417 204 

53:00 4285 70 5849 201 5420 205 
l_-/ 

156 



- ' 1-
Table A 66 Satellite EGRS 9 Orbit 5166 

UT (hr) Cha gos Mashed Addis Ababa Cyprus Chiang Mai 

~ r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lCfMl rfkml lC[M] 
0352:40 5284 90 0353:00 5219 137 5280 88 6095 216 

:20 5154 137 5277 89 6082 215 
0354:40 4953 186 5091 134 5277 89 6071 213 
035s:oo 5011 186 5028 130 5278 89 6061 215 

:20 4966 127 5280 90 6053 216 
:40 5129 201 4906 125 5285 92 6045 215 

56:00 4847 121 5291 92 6040 214 
:20 4789 117 5298 91 6035 215 

, :4o 4732 109 5308 91 6031 216 
57:00 5378 225 4677 113 5319 92 5930 85 6029 216 
i :20 5442 228 4622 112 5332 91 5880 85 6028 215 
' :40 5508 233 4569 108 5346 93 5830 81 6029 215 sa:oo 5574 221 4518 106 5362 92 5781 80 6030 218 

:20 4468 101 5380 94 5735 79 6033 217 . :40 4419 99 5400 98 5689 77 6038 216 59:00 4373 96 5421 94 5644 70 6043 207 
:20 5844 265 4328 97 5443 97 5600 76 6050 212 ' :40 5915 270 4284 95 5468 97 5557 75 6058 214 0400:00 4243 93 5493 96 6068 215 

: :20 4203 92 5521 98 5477 76 6078 216 :40 4166 92 5550 104 5438 71 6090 212 01 :oo 4-l30 90 ·5580 10& 5400 . 73 - 6ior 2l2r :zo 6269 287 4097 88 5365 69 6117 218 :40 6342 310 4065 87 5331 69 6133 222 02:00 6414 328 4036 86 5300 66 6150 222 :20 6487 328 4009 84 5267 65 .6167 224 :40 3984 84 5238 60 6186 21"9 30:00 3961 82 5210 63 ----

157 



Table A-67. Satellite EGRS 9, Orbit 5497 

M-~9F UT (hr -~~·- Singapore Zamboanga I Darwin 

2021:20 I r 4;:';1134f'1- \ ~-\l.u ,, r [kn1'l lC n.11 r lkr.i l lC 11!11 

3993 27 I 
. :40 4229 48 4867 44 4004 42 
28:00 l 4213 46 . 4820 39 4016 33 

:20 4200 47 6067 58 4775 38 4031 32 
:40 4190 48 6042 57 4731 38 4049 30 

29:00 4181 49 6019 59 4689 38 4068 36 
:20 4174 59 5997 58 4780 39 4090 33 
:40 4170 52 5976 57 4610 35 4114 32 

30:00 I 4168 51 4141 33 
:20 4168 48 4170 31 
:40 4171 51 5922 57 4504 35 4200 31 

31 :00 I 4176 51 5907 58 4473 33 5233 . 31 
:20 4184 52 5893 59 4443 33 4268 32 
:40 . 4194 53 5881 60 4415 33 4304 32 

32:00 I 4206 53 4390 32 4343 32 
:20 4220 54 5860 55 4366 31 4383 34 
:40 4237 55 5851 58 4344 31 4425 36 

33:00 I 4255 57 5845 57 4325 32 4470 35 
:20 I 4277 56 5839 57 4307 30 4515 34 
:40 4300 58 5835 56 4292 30 4562 38 

34:00 4324 59 5833 60 4279 30 4478 57 
:20 4351 58 5832 58 4268 31 4661 34 I 

:40 4381 59 5834 57 4260 30 4713 40 
35:00 I 4412 61 5837 58 4254 31 4766 39 

:20 4445 62 5842 58 4250 30 4821 40 
:40 4480 64 5849 59 4248 27 4877 45 

36:00 4451 64 5856 60 4248 27 5141 40 
:20 4555 67 5866 58 4251 27 4922 42 
:40 5866 59 

37:00 5880 60 4264 25 5112 44 

I 
:20 5890 61 4274 30 5173 47 
:40 4726 65 5902 61 4286 31 5236 48 

38:00 5922 57 4300 29 5299 49 
:20 4997 83 5938 58 4316 29 5364 50 
:40 5952 61 4335 30 5429 50 

39:00 5971 70 4356 31 5495 . 51 
__,_. 

158 



Table A-68. Satellite EGRS 9, Orbit 5539 - -
l UT(hr) Manus Sinaaoore Z.:imhn.:inn;i Darwin r[knl [km] r [km] 

. 

1 c !>ll r [km] . -:---- r lC rill lC _Ul] i 
2058:00 5071 81 4586 w 

:20 5034 80 4533 28 
:40 5002 77 4481 27 

59:00 5129 46 4964 78 4432 28 4246 39 
:20 5120 86 4932 78 4247 38 
:40 5114 87 4901 74 4337 24 4198 39 

2100:00 4873 16 4292 27 4072 38 
:20 5106 86 4845 74 4249 24 4096 38 
:40 5104 81 4820 73 4208 23 4121 37 

01:00 5105 83 4796 73 4168 24 
:20 5101 84 4774 70 4131 23 
:40 5111 87 4754 72 4095 24 

02:00 5117 102 4736 71 4062 25 4246 32 
:20 5124 l 01 4719 69 4031 23 4282 36 
:40 5134 99 4705 70 4002 24 4320 36 

03:00 5145 100 4692 70 3975 22 4360 34 
:20 5157 102 4682 69 3951 23 4401 38 
:40 5172 l 03 4673 70 3929 22 4445 37 

04:00 5188 99 4667 7l 3909 22 4490 39 
:20 5206 103 4662 69 3892 22 4537 42 
:40 5225 100 4660 68 3877 21 4585 44 

05:oo 5246 104 4659 69 3865 22 4635 47 
:20 52&9 lQS 4661 . 57 3as& 2l 4687. SU-
:40 5293 l 05 4664 68 3848 22' l 4740 50 

06:00 5319 108 4670 67 3844 22 
:20 5346 107 4677 69 3842 20 4849 37 
:40 5375 111 4687 67 3842 21 4910 65 

07:00 4700 67 3845 21 
:20 5437 111 4712 69 3851 19 
:40 5470 114 4728 67 3860 19 

08:oo 5504 113 4745 66 3870 19 145 112 
:20 5540 114 4765 65 3883 21 l , •16 130 
:40 5577 137 4786 67 3900 23 

l 09:00 4809 66 f..') ::'. 137 .. ,, . 
-

159 



Table A-69. Satellite EGRS 9, Orbit 5564 __. 

UT(hr) Manus Singapore Zamboango l Darwin Guam --
r[km] lC[M] r[km] lC(M] r[km] lC[M] r[km] lC[M] r[km] l~ 

2041:20 5138 69 4725 44 5941 90 
:40 5125 64 4724 43 5887 S9 

42:00 5106 67 5190 54 4667 41 5834 88 
:20 5090 68 5152 55 4612 39 3946 19 5784 S6 
:40 .5115 54 4559 37 3955 20 5734 ss 

43:00 5061 70 5079 56 4507 38 3965 19 5685 S7 
:20 5050 70 5058 51 4456 35 3978 22 5637 S7 
:40 5040 68 5013 55 4407. 36 3994 20 5590 SS 

44:00 5033 72 4982 48 4359 36 4012 21 5545 S6 
:20 5027 67 4952 55 4314 34 4032 23 5500 S5 
:40 5022 66 4925 54 4270 34 4054 25 5457 S6 

45:00 5020 73 4899 49 4227 33 4079 23 5415 S5 
:20 4954 69 4879 52 4187 32 4106 22 5375 S3 
:40 4955 70 4852 . 52 4149 33 4135 24 5336 s5 

46:00 4958 73 4835 52 4112 32 4167 23 5298 Sl 
:20 4963 70 4812 51 4078 31 4200 24 5261 Sl 
:40 4970 72 4796 51 4046 31 ' 4236 25 5226 S2 

47:00 5044 71 4780 51 4016 29 4273 25 5193 S3 
:20 4767 52 3988 31 5161 s5 
:40 5067 72 4760 51 3962 31 5131 S6 

48:00 5080 73 4747 50 3939 30 5101 Sl 
:20 5096 75 4739 50 3918 30 5075 S2 
:40 

-

5132 74 4730 49 3900 28 

I 
5049 83 

49:00 5132 74 4730 48 3884 27 5026 so 
:20 5153 76 4729 50 3870 28 5003 S2 
:40 4729 53 3859 26 4983 S4 

50:00 4732 49 3851 28 4964 SL 
:20 4736 51 3845 27 4948 S2 
:40 4743 51 3842 27 4932 75 

51 :00 4751 50 3841 28 4919 so 
:20 4761 51 3843 27 4908 S2 
:40 5342 81 4774 54 3847 28 4898 85 

52:00 5375 83 4788 54 3854 30 5066 39 4890 S4 
:20 5410 83 4804 52 3864 28 5099 40 4~84 

S4 
:40 5446 86 4827 53 3876 29 I 5155 40 79 53:00 5483 84 4847 55 3891 25 4878 [__.-' 

160 



,;;,,;;,___ Table A-70 Satellite EGRS 9, Orbit 5572 

.. , Manus Singapore Zamboango Darwin Guam . .IJT (hr) 
,.: < 

r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] I'--
1942:20 6298 68 4859 45 4149 20 4725 44 ':40 4038 33 6273 72 4819 49 4169 20 4673 48 43:00 4032' 33 6253 70 4781 47 4192 21 4622 46 ' :20 4029 32 6234 69 4745 48 4217 23 4572 46 ' :40 4028 32 6216 68 4710 46 4244 20 4524 44 ' 44:00 4030 35 62'00 68 4677 46 4273 22 4477 46 ::20 4040 34 6171 84 4616 45 4337 21 4389 44 4S:oo 4049 33 6158 66 4588 44 4372 22 4348 44 :20 6147 68 4562 45 4409 23 4309 45 :4o 4075 35 6137 63 4538 42 4448 22 4271 45 46:00 4091 31 6128 66 4516 45 4489 24 4235 44 :20 6121 65 4497 43 4531 24 4202 43 :40 6115 67 4479 43 4575 24 4171 41 47:00 6111 65 4463 44 4621 26 4140 43 :20 4187 34 6107 67 4449 43 4668 27 4113 42 ·· :4o 4206 34 6105 63 4439 42 4717 27 4088 43 48:00 6109 62 4428 41 4767 26 4065 42 :20 6106 64 4421 41 4819 29 4044 44 :40 4299 34 6108 61 4416 40 4872 29 4026 41 49:00 6111 63 4413 39 4926 27 4010 43 :20 6116 60 4413 39 4982 34 3996 37 :40 6123 62 4414 - 19. - 5038- - 35 3985 39'-so:oo 4482 39 6130 63 4418 36 5096 33 r 3976 44 :20 4495 40 6139 73 4424 38 5156 33 3970 45 :4o 4539 38 6150 62 4432 40 5216 33 3966 43 51 :oo 4585 42 6162 67 4442 38 5277 37 3966 45 :20 4633 41 6175 63 4454 37 5399 37 3966 42 :4o 4682 41 6189 62 4469 38 5402 40 3970 45 s2:00 4732 40 6205 63 4486 39 5467 40 3976 45 :20 4784 42 6222 62 4504 39 5532 42 3984 43 :4o 4838 45 6241 65 4525 38 5597 43 3995 43 53:00 4892 46 &260 65 4548 39 4008 45 :20 4948 45 6286 64 4573 38 4024 47 :4o 

S4:oo 5005 47 6304 64 4600 36 4042 46 

'-----
5063 47 6331 63 4628 39 4062 49 

161 



Table A-71 Satellite EGRS 9, Orbit 5864 ---
Wake Guam Hong Kong Manus Zamboang~ 

UT (hr) 
ic_D1l r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[ML r[kml 

1739:20 4638 44 4469 45 
:40 4592 43 5853 66 4173 35 4434 41 

40:00 4549 47 5792 67 4401 41 
:20 6368 128 4507 43 5731 65 .4184 37 4370 40 
:40 6331 130 4466 41 5671 61 4193 37 4341 39 

41:00 6297 122 4428 40 4204 36 4314 41 
:20 6263 115 4391 41 4218 34 4289 38 
:40 4357 39 4233 37 4266 31 

42:00 4324 42 4245 40 
:20 4293 41 4271 31 4226 38 
:40 4265 38 5333 55 4294 33 4210 40 

43:00 4238 34 5280 51 4318 30 4196 37 
:20 4214 39 5229 50 4344 35 4184 38 
:40 4191 32 5178 49 4373 36 4175 38 

44:00 4171 32 5130 48 4168 37 
:20 4153 31 4163 38 
:40 4138 41 5036 41 4161 31 

45:00 4125 42 4991 44 4161 39 
:20 4114 41 4948 42 4164 39 
:40 4105 43 4906 44 4176 39 

46:00 4099 40 4866 41 4185 41 
:20 4096 42 4828 42 4197 41 
:40 4094 45 4791 40 4211 41 

47:00 4095 45 4756' 38 4857 39 4228 37 
:20 4099 44 4723 36 4247 40 
:40 4104 46 4691 38 4857 39 4268 41 

48:00 4112 44 4662 37 4908 40 4291 39 
:20 4123 45 4634 36 4316 41 
:40 4136 47 4608 35 5013 41 4344 42 

49:00 4151 47 4584 35 5068 41 4373 43 
:20 5831 132 4168 47 4562 35 5123 40 4405 43 
:40 5830 132 4188 49 4543 37 5180 42 4439 45 

50:00 5830 134 4210 46 4525 37 5238 43 4474 46 
:20 5832 137 4234 48 4509 37 5297 44 4512 44 
:40 5835 139 4260 52 4496 36 5291 47 4551 45 

51 :00 5839 141 4288 55 4485 38 5418 48 

162 



Table A-72. Satellite EGRS 9, Orbit 5873 --UT (hr) Guam Zambo Manus I Hong Kong ----- r [km] 1 c f:il r [kml l c [i 11 r f kml lC ff.11 r f kml le rrn 
1640:20 l. 5364 106 

:40 5350 104 3950 34 
41:00 3995 45 5335 105 3975 34 6409 168 

:20 3968 39 5324 104 4002 35 6365 168 
:40 3943 37 5314 106 4032 36 6321 165 

42:00 5306 104 4064 38 6279 160 
:20 3901 38 5300 105 4100 36 
:40 3884 41 5295 105 4136 42 6197 153 

43:00 3869 46 5292 103 6158 154 
:20 3856 49 5291 104 4214 6120 152 
:40 3847 46 5292 105 4256 43 6092 150 

44:00 3839 48 5293 103 4300 44 6047 155 
:20 3835 48 5297 104 4347 44 6013 148 
:40 3833 47 5303 105 4395 44 5980 146 

45:00 3833 48 5311 104 4445 45 5948 143 
:20 3837 49 5320 105 4495 48 5917 141 
:40 3842 48 5331 

I 
106 4548 49 5888 138 

46:00 3851 51 5344 107 4602 49 5860 135 
:20 3862 53 5358 108 4658 50 5833 135 
:40 3876 50 5314 110 4715 51 5808 134 

47:00 3892 50 5392 113 4775 53 5785 135 
:20 3910 48 5410 114 4832 56 5762 133 
:40 3930 48 5432 116 . - 5742 131 

48~00 5455 rm I :20 3981 54 5480 121 5018 39 5705 133 
:40 4010 56 5517 122 5082 314 5689 127 

49:00 4040 57 5532 119 5674 124 
:20 4072 59 5560 121 5661 124 
:40 4107 59 5591 124 5650 125 

50:00 4125 60 5623 126 5640 125 
:20 4144 60 5656 133 5631 122 
:40 4224 61 5625 121 

51 :oo 4267 65 5620 123 
:20 4312 66 5616 123 
:40 4358 68 56l5 123 

52:00 4407 66 5615 1'25 

163 



Table A-73 Satellite EGRS 9 Orbit 5922 
' --

UT (hr) 
Wake Guam Hong Kong Manus Zamboan~ 

r[ kin] lC[M] r[km] IC[M] r[km] lC[M] I r[km] lcrMl rrkml lClt!l 

1610:20 5493 105 
:40 3977 38 4069 35 5486 111 

11:00 3956 40 4095 39 5478 110 
:20 3936 44 4129 43 5471 109 
:40 3919 42 4166 42 5467 111 

12:00 3904 47 4204 43 5464 108 
:20 3892 47 6281 12 4245 45 5462 106 
:40 3883 45 624!? 15 4287 43 5463 106 

13:00 4498 118 3876 45 6210 15 4331 44 5465 106 
:20 4482 121 3872 46 6176 17 4377 44 5468 106 
:40 4468 111 3870 50 6144 17 4425 46 5474 109 

14:00 4457 108 3871 52 6112 16 4474 47 5481 111 
:20 4446 112 3874 49 6082 15 4525 47 5489 108 
:40 4439 107 3880 51 6053 19 4578 47 5500 113 

15:00 3884 52 6025 18 4632 48 5511 112 
:20 3900 52 5999 22 4687 48 5525 113 
:40 3914 50 5974 23 4744 50 5540 113 

114 16:00 4429 111 3930 53 5951 24 4802 49 5557 117 :20 4432 113 3949 52 5969 36 4862 52 5575 117 :40 4437 115 3970 55 4922 53 5595 
17:00 4445 117 3993 55 5893 24 4984 55 

:20 4454 113 4019 63 5875 23 5046 53 125 :AO _ 44fr5. 114 4_047 63 5B5.9 23 5]]0 55 5664 124 18:00 4479 115 4078 66 5844 24 5175 56 5690 124 :20 4494 115 4110 68 5831 24 5240 59 5718 126 :40 4512 115 4145 70 5819 24 5747 128 19:00 4531 114 4182 70 5809 23 5375 59 5777 131 :20 4553 114 4221 73 5443 57 5809 135 :40 4576 117 4262 73 5512 60 5842 134 20:00 4601 116 4304 77 5784 17 5582 58 5877 136 :20 4628 117 4349 78 5780 13 5652 60 5912 137 :40 4657 117 4395 80 5781 10 5723 59 5950 139 21:00 4688 119 4443 84 5781 8 5795 62 5988 160 :20 4720 118 4493 83 5782 3 5860 64 6028 148 :40 4755 121 4544 89 5780 3 5941 60 6068 151 22:00 4790 122 4597 90 5784 4 6110 
[__./ 
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Table A-74 Satellite EGRS 9 Orbit 5939 
' ---

'UT (hr) Wake Guam Hong Kong Manus Zamobango 

1- r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] 
1653:40 6123 63 4402 55 5912 180 4537 63 

54:00 6085 63 4360 60 5858 177 4508 61 
:20 6048 59 4320 61 5801 180 4482 59 

' :40 4282 57 5740 180 4457 57 
55:00 4245 57 5684 179 4083 17 4434 56 
: :20 41311 59 5629 178 4101 17 . 4413 56 
' :40 4179 58 5576 178 4121 21 4395 58 
56:00 4149 59 5523 180 4143 21 4378 56 
' :20 4121 57 5476 180 4168 19 4364 54 . :40 5826 71 4095 57 4195 21 4352 56 
57:00 5734 63 4071 54 5372 175 4224 20 4342 57 

:20 5774 67 4050 59 5324 180 4255 22 4334 59 
:40 5750 71 5278 179 4288 20 4329 60 

58:00 4015 59 5232 179 4323 23 4325 58 
:20 5773 64 4000 59 5193 178 4360 23 4324 57 

·.· :40 5687 61 3989 57 5146 178 4399 23 4326 57 . 59:00 5669 66 3979 59 5105 178 4440 27 4329 58 
:20 5652 68 3973 57 5066 ' 177 4482 34 4335 59 

1 
. :4o 5636 66 3968 59 5028 178 4527 28 4343 59 

700:oo 5622 66 3967 60 4991 176 4573 28 4354 58 
:20 5610 66 3967 62 4956 174 4621 39 4366 59 
:40 5599 66 3980 60 4923 172 4669 29 4381 59 

01 :oo 5582 §.g. J.g.]6- 61 489£- 176- .. 4720 31 4398' 59-
:20 5582 69 3984 62 4862 175 4772 33 4417 61 

' :40 5575 68 3995 63 4835 174 4825 33 4439 61 02:00 5570 74 4008 61 4813 170 '4879 34 4462 62 
:20 5567 73 4023 67 4785 168 4936 33 4487 63 
:40 5565 73 4041 66 4766 173 4993 33 4515 64 Ol:oo 5564 74 4061 66 4742 177 5051 36 4544 66 
:20 5565 77 4083 70 4724 178 5110 40 4576 70 
:40 5568 75 4108 71 4708 177 5171 41 4609 71 ·04:00 5572 74 4135 72 4697 179 4644 71 :20 5578 81 4164 73 4681 179 4681 71 
:40 5585 .80 4195 75 4671 178 4720 72 os:oo 4228 75 4663 180 5423 50 4760 73 
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Table A-75. Satellite EGRS 9, Orbit 6194 

i--UT (hr}~ Guam -¥. Zambo ~ Manus 

1:~J IC _[j_l_ ~l IC [;I] _ _r_[!:rnJ -, c fi·!l r r krn 1 lC rtll 

0306:20 I 4419 188 
:40 I 4215 177 4401 185 

07:00 4196 177 4378 186 
:20 4203 177 4358 185 
:40 4213 178 4339 180 

08:00 4226 180 4322 180 
:20 4240 183 4308 184 
:40 4257 183 4296 176 

09:00 4276 184 4285 177 
:20 4296 187 4277 179 
:40 4319 187 4271 177 

10:00 4344 189 4267 179 
:20 4371 193 4266 177 
:40 4400 187 4266 180 

11:00 4431 190 4269 178 
:20 4464 196 4274 181 
:40 4499 198 4281 180 

12:00 4535 202 4291 181 
:20 4573 205 4302 182 
:40 4613 208 4316 183 

13:00 4654 210 4331 183 
:20 4697 214 I 4349 184 

-:40 4741 - £20 4369 l85 
14:00 4787 223 4391 187 4157 179 

:20 4835 224 4415 189 4189 178 
:40 4884 227 4441 189 4222 185 

15:00 4934 231 4468 192 425.7 188 
:20 4985 239 4498 192 
:40 5038 242 4529 198 

16:00 5091 244 4563 197 
:20 5147 247 4598 202 
:40 5202 253 4639 213 

17:00 5260 251 4673 212 
:20 4713 212 
:40 4755 216 

18:00 4798 218 
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Table A-76 Satellite EGRS 9 Orbit 6214 
' -

UT(hr) Wake Guam Manus Zamboango Palau 

i- r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] 
1359:20 4829 62 5675 104 

:4o 4769 67 5635 100 
1400:00 4710 65 3847 72 5597 97 

:20 5675 117 4652 63 3832 75 5559 96 
:40 5622 118 4596 63 3820 74 5523 93 

01 :oo 5570 107 4539 68 3812 72 5489 90 
:20 5520 109 4488 67 3805 70 5455 89 
:4o 4437 66 5424 88 

02:00 4386 67 5393 86 
:20 4338 65 5364 83 
:4o 4291 63 5337 81 

OJ:oo 4246 65 5311 80 
:20 4203 65 5287 79 
:40 4162 65 3833 77 5264 77 . 04:00 4123 64 3848 77 5243 76 
:20 4085 65 3865 74 5224 75 
:4o 4050 61 3884 76 5206 74 os:oo 4017 64 3906 75 5190 71 
:20 5009 89 3987 63 3931 75 5176 70 
:40 4978 82 3958 66 5164 70 06:00 4947 80 3932 66 5153 70 
:20 4917 78 3908 66 . 5l44 . 71J 
:40 4889 80 3887 65 5137 70 07:00 4862 76 3868 63 5132 71 
:20 4839 75 3852 66 5128 71 
:40 4816 73 3838 65 5126 71 oa:oo 4795 76 3827 68 5126 71 
:20 4777 79 3818 68 5128 72 :40 4759 76 3812 69 5136 73 09:00 4744 80 3809 69 5138 74 :20 4731 79 3808 72 5145 72 :40 4720 76 3810 75 5154 73 4268 52 lo:oo 4711 77 3815 77 5165 75 4281 50 :20 I 47o3 76 3822 77 5178 73 4293 51 :40 4698 75 3832 76 5192 76 4316 53 11 :oo 3844 82 5209 75 4342 53 
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Table A-77. Satellite EGRS 9, Orbit 6227 --
Guam Zamboango Manus Palau I Wake _-UT (hr) 

r[km] lC[M] r[km] lC[M] r[km] lC[Ml r[km] lC[M] r[kml 1coo 

0147:40 4029 175 
48:00 4023 173 5628 258 4575 210 

:20 4018 169 5606 255 4597 242 
:40 . 4016 166 5586 253 4641 249 

49:00 4016 169 5568 250 4647 229 
:20 4018 171 5551 246 4647 234 
:40 4023 171 5535 247 4703 235 

50:00 4030 171 5520 245 4734 236 
:20 4039 170 5508 245 4768 240 
:40 4051 170 5496 243 4802 236 

51:00 4065 172 5486 244 4838 233 
:20 4081 172 5478 246 
:40 4099 177 5471 242 4914 244 

52:00 4120 177 5466 245 4131 201 4955 245 
:20 4143 175 5462 243 4104 199 4997 248 
:40 4168 181 5460 247 4078 200 5041 247 

53:00 4195 176 5459 239 4055 200 5086 260 
:20 4224 178 5460 240 4034 190 5132 264 
:40 4255 181 5463 241 5180 266 

54:00 4288 181 5466 242 4751 200 5230 266 
:20 4323 183 5472 243 3985 196 4785 205 5279 269 

' ' :40 4360 188 5479 245 3974 190 4820 209 5330 269 
-55:00 - 4399· 189 5488 243 3964 rn~ 4858 213 5382 271 

:20 4439 195 5498 244 3957 189 4897 216 5436 273 
:40 4481 195 5509 248 3953 189 5490 276 

56:00 4525 196 5522 247 3951 186 
:20 4570 206 5537 252 3951 190 
:40 4617 203 5554 252 3954 189 

57:00 4666 211 5571 246 3959 191 
303 :20 4715 205 5590 246 5776 

:40 4767 210 5610 246 5836 300 
58:00 4819 211 5632 247 5896 305 

:20 4873 217 5656 253 5958 312 
:40 4920 220 5680 252 6020 313 

59:00 4984 226 5706 256 6082 314 
:20 5042 230 5734 253 6146 320 
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Table A-78. Satellite EGRS 9, Orbit 6377 
!"--.. 

_UT (hr) Guam Zamboango Manus Palau Wake 
' 

I--- r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lCrM] r[km] lC[M] 
0015:20 4222 130 4297 136 

:40 4219 132 6109 205 4321 136 
16:00 4218 132 6093 205 4346 137 

:20 4220 131 6078 202 4374 136 
:4o 4223 133 6064 208 4483 146 4403 140 

' 
17:00 4230 134 6051 205 4443 145 4435 141 

:20 4237 134 6040 203 4403 142 4467 141 
:40 4248 134 6029 202 4365 137 4502 146 

' 
la:oo 4260 135 6020 203 4330 134 4540 150 

:20 4275 137 6013 203. 4296 132 4860 157 4578 152 
; :40 4291 137 6007 204 4264 133 4855 160 4618 154 19:00 4310 136 6002 203 4234 132 4660 156 

:20 4331 139 5998 200 4206 130 4703 158 : :4o 4354 140 5996 203 4180 129 4748 161 _20:00 4378 141 5995 200 4156 127 4854 166 4794 164 
:20 4405 143 5995 203 4135 126 4858 169 4842 168 
:4o 4434 144 5997 204 4115 125 4891 168 21 :oo 4465 147 6000 203 4098 123 4942 173 :20 4497 148 6004 204 4083 121 4993 178 :4o 4531 147 6010 203 4070 121 5046 188 22:00 4567 148 6017 200 4060 120 4907 160 5100 179 :20 4~05 lSl 6025 . 203 . 4-05} . 117 . 4923 . 163· -

!40 4645 154 6035 204 4046 114 4940 160 5213 191 23:00 4686 155 6046 205 4042 117 4958 160 5270 194 :20 4728 160 6058 206 4041 118 4979 162 5328 200 :40 4774 160 6072 205 4042 118 5000 164 5388 200 24:00 4818 164 6086 206 4046 117 5025 166 5448 210 :20 4865 168 6103 206 4052 117 5050 169 5509 215 :40 4913 168 6120 209 4060 116 5077 167 5571 220 25:00 4963 172 6139 209 4071 116 5106 169 I 5634 226 :20 5016 175 6160 207 4084 117 5136 169 5698 228 :40 5067 180 6180 213 4099 115 5762 229 26:00 5120 182 6203 215 4117 117 5202 180 
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Table A-"/9. Satellite EGRS 9, Orbit 6521 

UT (hr Guam I! Wake Manus I Honiara _ 

r ~~;ilr-6s'l1~ lUlll 
-~- rkrnl 1 c li·l°I r lli1!.l _JLD'JJ. 

0951:20 I 4347 41 
:40 6071 165 5070 100 5345 125 4359 43 

52:00 6027 163 5043 74 5335 126 4373 43 
:20 5984 160 4981 69 5326 125 4389 44 
:40 5941 162 4921 65 5318 126 4407 45 

53:00 5914 159 4861 65 5313 129 4428 45 
:20 5860 163 4803 62 5309 130 4450 46 
:40 5820 160 4746 63 5307 132 4474 47 

54:00 5780 159 4690 60 5306 132 4443 47 
:20 5747 160 4635 59 5308 135 4530 50 
:40 5712 158 4582 57 5311 137 4560 51 

55:00 5678 159 4531 56 5315 139 4592 52 
:20 5646 160 4481 54 5321 140 4627 53 
:40 5615 158 4433 53 5329 139 4663 53 

56:00 5585 155 4386 51 5340 143 4700 54 
:20 5557 156 4341 50 5351 148 4740 57 
:40 5530 155 4298 48 5364 150 4780 57 

57:00 5516 157 4256 48 5378 148 4823 59 
:20 5480 154 4217 46 5395 149 4867 &l 
:40 5458 155 4180 46 5413 151 4913 63 

58:00 5438 155 4144 46 5432 153 4960 65 
:20 5418 154 4110 44 5453 154 5008 66 
:40 -5400 . 1-56 4080 44 

I 
~47i5 157 5059 68 

59:00 5385 156 4050 45 5500 . 158 5110 71 
:20 5370 155 4023 42 5525 159 5162 73 
:40 5358 153 4000 42 5553 160 5216 74 

1000:00 5347 156 3977 39 5582 164 5327 79 
:20 5338 159 3957 40 5612 167 5384 83 
:40 5330 156 3940 41 5643 168 5442 88 

0.1 :00 5324 155 3925 41 5676 169 
:20 3912 41 

-

170 



Table A-80. Satellite EGRS 9, Orbit 6544 -
UT (hr) Guam Wake Manus I Guadal Canal - r [km] I IC ffi. r [km] i c ri 11 r [km] . l c Ull r [km] l c [r·l] ~ 

2329:20 3955 68 4815 145 
:40 3955 71 r 4833 149 5323 149 

30:00 3958 70 4856 153 4407 94 5272 148 
:20 3962 70 4885 147 4365 91 5223 144 
:40 3970 73 4915 150 4323 90 5174 142 

31 :oo 3979 71 4947 153 4284 89 5127 138 
:20 3991 72 4981 154 4247 89 5081 137 
:40 4005 71 5016 155 4211 85 5037 132 

32:00 4022 73 5053 159 4178 87 4994 131 
:20 4041 75 5091 162 4146 85 4952 132 
:40 4062 76 5130 168 4117 85 4912 129 

33:00 4085 76 5171 171 4089 83 4873 125 
:20 4111 74 5214 170 4064 81 4836 123 
:40 4138 78 5258 175 4041 80 4801 124 

34:00 4168 80 5303 178 4020 80 4767 122 
:20 4200 82 5349 181 4002 82 4735 121 
:4o 4234 79 5397 183 3986 78 4704 118 

3S:oo 4270 84 5445 187 3972 79 4676 118 
:20 4307 86 5495 191 3960 79 4649 116 
:40 4347 86 5546 192 3951 79 4624 114 

36:00 4388 89 5598 196 3945 79 4601 114 
:20 4431 90 5651 199 3941 79 4579 111 
:4o 4475 94 5-7G5- 20fr 3939 - 7g - 4560- - 110 

37:00 4522 95 5760 213 3939 80 4542 110 
:20 4569 95 5816 217 3943 79 4527 108 
:4o 4619 96 5872 222 3948 77 4513 107 38:00 4669 95 5930 228 3956 82 4502 l 07 
:20 4722 100 5988 233 3966 81 4492 105 
:40 4775 102 6047 236 3979 79 . 4485 106 39:00 4830 l 03 6107 240 3994 85 4480 104 :20 4886 105 6168 250 4012 83 4476 104 
:4o 4943 110 6229 254 4032 83 4475 104 40:00 5001 110 6291 253 4054 82 4476 102 
:20 5061 113 6356 260 4078 82 4428 102 
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Table A-81. Satellite EGRS 9, Orbit 6556 

UT (hr) Guam Wake Manus I Guada 1 Cam:i 1 -
r [kml 1 c r::1 r [km] lC fill r [km] . 1 c frl] r rkml lC [Ml -

1122: 20 5131 115 I 4195 36 
:40 5066 111 4196 39 

23:00 5003 109 6121 143 3960 67 4200 39 
:20 4940 107 3935 67 4206 40 
:40 4880 108 3912 '66 4215 41 

24:00 4819 109 5950 138 3892 68 4225 41 
:20 4760 104 5903 136 3875 69 4238 41 
:40 4702 100 5850 135 3858 69 4253 42 

25:00 4646 l 02 3845 71 4270 42 
:20 4590 102 3835 72 4291 44 
:40 4537 101 3827 74 4312 44 

26:00 4485 101 5646 116 3821 73 4336 45 
:20 4434 98 3819 74 4362 45 
:40 4385 89 3818 76 4390 47 

27:00 4338 85 3820 78 4420 48 
:20 4-292 88 3827 81 4452 48 
:40 4248 87 

\ 
3834 81 4487 49 

28:00 4210 88 3845 84 4500 50 
:20 4166 88 3858 84 4560 53 
:40 4128 87 3875 87 4600 54 

29:00 4092 84 3890 91 4640 55 
:20 4058 82 4683 56 
:40 4026 71 4728 58 

30:00 3997 65 4774 59 
:20 3969 60 4821 59 
:40 3944 68 4017 102 4870 62 

31:00 3921 82 4050 104 4920 65 
:20 3901 76 4084 108 4970 68 
:40 3883 78 4120 106 5025 71 

32:00 3868 82 5078 74 -
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Table A-82. Satellite EGRS 9, Orbit.6647 ,_ 
UT (hr) Guam Wake Manus Guada l Cana 1 

,_ r [km] 1 c r;.11 r [km] Ile rill r [km] lC fi.11 r [km] lC fMl 
0835:20 6329 318 4760 291 

:40 6292 320 4780 296 
36:00 6255 322 

:20 6220 321 4827 305 
:40 6186 326 4853 308 

37:00 6157 326 4881 312 
:20 4910 315 
:40 

38:00 
:20 
:40 5055 328 

39:00 5980 330 5082 330 
':20 5121 333 
:40 5932 329 5162 330 

40:00 5911 334 4341 248 5204 336 
:20 5890 336 4313 248 5883 264 5247 337 
:40 5871 336 4280 245 5893 264 5292 336 

41:00 5854 340 4249 243 5912 264 5338 336 
:20 5838 342 4220 242 5933 258 5386 334 
:40 5823 338 4193 238 5955 257 5434 33.3 

42:00 5810 334 4169 234 5979 256 
:20 5798 342 4146 237 6004 252 
:40 5788 344 4126 232 6030 249 

43:00 5779 346 4108 227 6059 249 I 
:20 5772 347 4093 227 6087 247 5695 317 
:40 5767 348 4080 225 6117 247 5750 313 

44:00 5762 351 4069 220 6149 246 5806 307 
:20 5760 353 4061 222 6182 248 5863 303 
:40 5759 355 4055 221 6215 246 5921 296 

45:00 5759 357 4051 219 6250 244 5980 294 
:20 5761 357 4050 219 6286 244 6050 285 
:4o 5765 362 4052 216 6324 241 6100 279 

46:00 5770 362 4056 218 6362 240 6162 274 
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Table A-83. Satellite EGRS 9, Orbit 7045 
-

UT (hr Pago Pago WakP. Guam Guadal Canal -
r [kml 1 c r:.11 r [km] lC ff.11 [km] lC [M] r [km] 1c DU 

1823:20 5734 135 4466 13 4935 32 
:40 5703 134 4514 14 4957 33 

24:00 5669 134 4565 14 4981 34 
:20 5637 132 4617 17 5007 35 
:40 5606 130 4670 15 5034 35 4153 37 

25:00 5576 129 4'725 18 5063 36 4119 36 
:20 5548 129 4782 17 5094 35 4086 37 
:40 5521 127 4839 17 5126 37 4056 35 

26:00 5496 126 4897 19 5160 37 4027 36 
:20 5472 125 4958 19 5195 36 4001 35 
:40 5450 124 5018 18 5231 38 3977 37 

27:00 5429 123 5080 21 5270 39 3956 35 
:20 5409 122 5142 23 5309 40 3937 33 
:40 5392 122 5206 23 5350 41 3920 35 

28:00 5375 124 5270 23 5392 41 3906 35 
:20 5361 125 5336 24 5436 41 3894 34 
:40 5347 130 - 5403 25 5481 42 3885 34 

29:00 5336 129 5470 26 5527 44 3878 34 
:20 5326 131 5546 23 5574 43 3874 34 
:40 5318 134 5607 26 5622 45 3872 34 

30:00 5311 134 5677 30 5672 46 3873 34 
:20 5306 135 5746 27 5723 47 3877 34 
:40 5302 135 5818 29 5774 49 3883 35 

31 :·cro -s3cr1 T35 -sB88 2~ 0827 48 4891 34 
:20 5301 136 5960 33 5881 52 3902 35 
:40 5302 138 6033 31 5935 51 3916 35 

32:00 5305 136 6101 36 5991 54 3932 33 
:20 5310 137 6179 35 6048 54 3950 34 
:40 5316 136 6252 36 6105 51 3971 34 

33:00 5324 139 6328 36 6163 55 3994 36 -
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Table A-84. Satellite EGRS 9, Orbit 7053 
~ 

UT (hr) Pago Pago Wake Guam I Guadal Canal 
,_ r [km] 1C DU r [kmj lC rMl r [km] lC [Ml r [km] lC [M] 

1713:20 6148 55 4325 15 6246 58 
:40 6079 56 4323 12 6233 57 

14:00 6011 57 4323 16 6222 58 
:20 5944 56 4325 15 6211 59 
:40 5877 56 ,329 13 6202 57 5978 47 

15:00 5811 55 . 336 15 6194 57 5918 47 
:20 5745 54 4345 13 6188 57 5858 46 
:40 5680 54 4356 15 6182 58 5799 43 

16:00 5616 51 4369 15 6178 58 5741 43 
:20 5553 51 4384 15 6175 56 5684 43 
:40 5491 50 4401 15 6173 59 5627 42 

17:00 5429 50 4420 15 6173 58 5572 42 
:20 5369 49 4441 15 I 6173 58 5517 44 
:40 5310 48 4464 16 6175 57 5464 42 

18:00 5251 48 4489 15 6179 59 5411 42 
:20 5194 46 4517 16 6184 54 5360 44 
:40 5137 46 4545 17 6189 51 5310 45 

19:00 5082 45 4576 17 6196 60 5261 45 
:20 5028 44 4609 16 6205 62 5213 43 
:40 4975 44 4643 18 6215 59 5l67 44 

20:00 4923 43 4679 17 6225 58 5122 45 
:20 4874 42 4717 18 6238 62 5078 45 
:40 4825 42 4757 15- 6251 . 61 503& . 45-

21 :oo 4778 41 4798 17 6266 63 4995 46 
:20 4732 40 4840 16 6282 65 4955 46 
:40 4688 39 4885 17 6299 64 4917 46 22:00 4645 40 4930 17 6317 63 4881 46 
:20 4604 39 4977 18 6337 64 , 4846 45 
:40 4565 39 5026 17 6357 65 4813 47 23:00 4527 39 5075 18 6379 68 4782 47 
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Table A-85. Satellite EGRS 9, Orbit 7078 -
UT (hr) Pago· Pago Wake Guam Guadal Canal 

r [km] 1 c r:.:1 i l' [k~l] 1 c r: :1 r [km] 1 c UlJ r [km] I lC frl] 

1657:00 6365 90 6419 109 
:20 6283 77 I 6354 96 6368 106 
:40 6149 78 6340 95 6304 107 

58:00 6079 72 6327 93 6241 104 
:20 6010 73 4374 22 6315 97 6178 99 
:40 5942 71 4'375 22 6305 93 6118 99 

59:00 5874 71 4378 20 6295 94 6057 94 
:20 5807 69 4384 19 6287 90 5996 92 
:40 5741 ' 69 4392 23 6280 90 5937 87 

1700:00 5675 68 4402 23 6274 91 5878 90 
:20 5609 67 4414 23 6270 90 5820 88 
:40 5546 66 4428 22 6267 88 5763 81 

01:00 5483 65 4444 22 6265 90 5707 76 
:20 5420 64 4462 24 6264 90 5652 81 
:40 5359 63 4482 26 6264 87 5592 79 

02:00 5298 63 I 4504 25 6266 86 5542 75 
:20 5238 62 4528 26 6269 88 5492 74 
:40 5180 61 4554 27 6273 86 5441 72 

03:00 5123 61 4582 27 6278 86 5390 72 
:20 5066. 60 4611 28 6284 88 5341 70 
:40 5011 60 4643 27 6292 88 5294 68 

04:00 4957 60 4676 28 6301 89 5247 67 
:20 4905 61 4711 29 6312 86 5202 67 
:40 485-3 -61 41413 29 ~323 89 5158 66 

05:00 4803 58 4786 32 6336 88 5115 65 
:20 4755 60 4826 37 6350 87 5074 63 
:40 4708 59 4867 30 6365 88 5034 62 

06:00 4662 60 4910 29 6381 85 4996 61 
:20 4619 57 4955 32 6399 89 4959 60 
:40 4576 57 5000 34 6417 91 4924 60 

07:00 4535 58 5048 32 6437 89 4891 61 
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Table A-86. Satellite EGRS 9, Orbit 7103 ---· UT (hr) Pago Pago Wake Guam I Guadal Canal 
,_ r (km] IC f ;.11 r' [km] 1c nn r [km] 1 c fr·l] r rkml lC n-1] 

1640:20 4471 31 
:40 6398 73 4468 22 6637 137 

41:00 6366 74 4456 29 6573 134 
:20 6295 68 4446 29 6462 107 6509 . 130 
:40 6223 69 4438 31 6447 109 6445 128 

42:00 6152 67 4433 32 6433 107 6382 126 
:20 6082 64 4429 32 6420 106 6319 123 
:40 6012 63 4427 31 6409 107 6258 119 

43:00 5947 63 4428 32 6196 116 
:20 5874 63 4431 33 6389 103 6136 110 
:40 5806 59 4435 32 6381 103 6076 109 

44:00 5739 59 4442 32 6373 104 6016 107 
:20 5672 57 4451 32 6367 100 5958 100 
:40 5607 57 4462 33 6363 99 5900 102 

45:00 5542 57 4475 36 6359 99 5844 98 
:20 5477 55 4490 36 6357 95 5788 94 
:40 5414 54 4507 33 6355 95 5732 92 

46:00 5351 53 4526 35 6355 96 5678 91 
:20 5290 53 4547 35 6357 92 5625 86 
:40 5229 53 4570 36 6359 97 5573 90 47:00 5170 52 4594 36 6363 94 5522 86 
:20 5111 52 4621 38 6368 97 5472 84 
:4o 5054 51 46SQ 39- 637-4 96 - 5423- &2-

48:00 4998 51 4680 39 6381 92 5375 81 
:20 4943 51 4712 39 6389 93 5328 81 
:40 4889 49 4746 43 6399 95 5283 80 49:00 4836 49 4781 41 6410 93 5239 78 
:20 4785 47 4819 44 6422 94 5196 78 
:40 4735 48 4857 42 6435 95 5155 78 so:oo 4687 48 4898 46 6449 97 5115 75 :·20 4640 48 4940 46 6465 99 5077 77 :40 4595 47 4983 49 6482 102 5040 75 51 :oo 4552 ~6 5028 45 6500 98 5004 74 
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Table A-87. Satellite EGRS 9, Orbit 7145 

Paoo Paoo Wal<e Guadal Canal ,. 
I Christmas UT (hr) -

r [km] 1 c r: il r [km] i c ri·ll r fkml . l c rr·ll r rkml l c rMl -
n114:20 

:40 6389 105 . 3899 21 5504 131 
15:00 6346 105 3910 26 5437 131 6270 113 

:20 6289 106 3920 28 5371 130 6252 112 
:40 6232 103 3931 27 5308 128 6235 110 

16:00 6176 102 3946 24 5244 126 6219 110 
:20 6121 104 3963 26 5179 126 6205 113 
:40 6067 103 3982 26 5118 124 6192 112 

17:00 6014 l 01 4003 26 5057 123 6181 114 
:20 5961 103 4027 28 4997 122 6171 114 
:40 5910 104 4053 29 4938 121 6162 114 

18:00 5860 103 4082 29 4880 121 6155 113 
:20 5810 l 04 4112 30 4823 119 6149 113 
:40 5762 103 4153 30 4767 119 6144 117 

19:00 5715 103 4179 26 4713 117 6140 114 
:20 5669 102 4216 28 4660 114 6138 117 
:40 5624 102 4254 32 4609 115 6138 116 

20:00 5580 100 4295 30 4559 111 6138 120 
:20 5538 102 4337 30 4510 109 6140 118 
:40 5497 l 01 4381 32 4463 110 6144 120 

21:00 5457 102 4427 32 4418 105 6148 120 
:20 5418 102 4475 34 4374 104 6154 127 
:40 5381 l 01 4524 36 4332 104 6162 128 

22:00 -S-345 . 99 4514 33 42-92 loo 

.• 
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Table A-88 Satellite EGRS 9 Orbit 7153 , -
UT (hr) Pago Pago Wake Guadal Canal Christmas Maui 

~ r[km] lC[M] r[kr:i] lC[M] r[krn] lC[M] r[km] lC[M] r[krn] lC[M] 

1614:00 4592 83 
:20 4606 86 5900 149 4933 31 

, :4o 4623 88 5846 148 4970 34 
15:00 5284 159 4642 89 5793 147 5008 36 

:20 5221 157 4663 89 5741 143 4825 58 5049 37 
:40 5116 158 4686 90 5690 141 5090 46 

16:00 5099 153 4710 92 5640 140 
:20 5040 158 4736 94 5592. 136 4784 56 
:40 4982 151 4765 96 5544 136 4774 56 

17:00 4924 150 4794 99 5497 134 4766 58 
:20 4868 149 4826 100 5452 130 4760 57 
:40 4814 147 4859 97 5408 129 4756 57 

18:00 4760 145 4894 103 5365 129 4754 59 
:20 4708 146 4931 102 5323 128 4753 60 
:40 4658 144 4969 106 5283 126 4755 59 ' 19:00 4609 143 5008 108 5244 137 4759 61 
:20 4561 141 5049 108 5207 125 4765 61 
:4o 4:15 139 5092 110 5171 126 4772 60 

20:oo 4471 137 5136 111 5136 122 4782 60 
:20 4428 136 5181 113 5103 122 4793 62 

I :40 4387 137 5228 116 5072 121 4807 64 
21:00 4348 Bl 5276 . 116 . 5042 . 119 ·482Z 64-

:20 4311 131 5325 119 5014 119 4839 63 
:40 4276 135 5375 120 4987 119 

22:00 4242 135 5427 121 4963 118 
:20 4211 134 5479 123 4940 119 
:4o 4182 133 5534 121 4918 118 23:00 4155 129 5588 123 4899 117 
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Table A-89 Satellite EGRS 9, Orbit 7156 
~ 

UT (hr) Pago Pago Wake Guada 1 Cana 1 Christmas -
r [km] 1 c r;.11 r [km] l c ri:il r [km] 1 c fj.1] r f kml 1 c rnJ 

0509:40 4796 248 5620 397 4101 223 
10:00 4817 268 5552 395 4099 224 

:20 4841 274 5485 388 4099 231 
:40 4867 279 5419 381 4101 234 

11 :00 4895 284 5353 367 4106 234 
:20 52S8 361 4113 236 6183 379 
:40 4956 288 5224 350 4122 238 6176 380 

12:00 4989 291 5161 344 4133 242 6171 377 
:20 5024 297 5100 336 4147 246 6167 371 
:40 5059 309 5038 325 4163 248 6164 371 

13:00 5097 316 4978 318 4182 252 6163 372 
:20 5136 325 4919 315 4202 256 
:40 5176 333 4861 312 4225 260 

14:00 5218 339 4804 302 4249 264 
:20 4749 292 4276 268 6171 351 
:40 4695 284 4305 270 6176 371 

15:00 4642 279 4336 273 6183 368 
:20 4591 270 4369 277 6191 369 
:40 5446 382 4541 265 4403 286 6200 369 

16:00 5496 390 4493 258 4440 290 6210 369 
:20 4446 249 4478 297 6220 370 
:40 4401 244 4518 299 6234 369 

17:00 4357. 239 4560 308 6248 368 
:-ZO JJ~Hi 246 4604 315 6264 369 
:40 4276 234 4648 318 6280 372 

18:00 4238 225 4695 322 6298 372 
:20 4202 222 4743 330 6317 379 
:40 4168 217 6337 374 

19:00 4135 219 4844 342 6359 376 

--

.' 
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Table A-90. Satellite EGRS 9, Orbit 7207 
1--

·UT (hr) Paao Paqo Wake Guadal Canal Christmas 
1- r [km] 1 c r;.11 r [km] l c fill r [km] lC l]L r [km] lC fM] 
0442:20 --

4927 293 4297 263 
:40 4873 284 4315 266 5981 343 43:00 4816 279 433q 270 5984 343 
:20 5143 348 4761 273 4365 272 5988 344 
:40 5188 348 4707 268 4393 274 '5993 342 44:00 5235 355 4657 263 4423 278 6000 346 
:20 5283 359 4603 257 4455 282 6008 345 
:40 5332 363 4553 251 4489 283 6017 346 4S:oo 5382 368 4505 250 4524 290 6028 349 :20 5433 371 4458 244 4562 293 
:4o 5486 374 4413 234 4601 297 6053 353 46:00 5539 383 4369 231 4642 302 6067 352 :20 5594 388 4328 226 4684 305 6083 352 !40 5649 391 4288 224 4728 311 6100 353 47:00 5705 396 4249 226 4775 315 6118 358 :20 5763 399 4213 222 4820 321 6138 359 . :40 5821 401 4179 217 4868 325 48:00 5880 409 4147 213 4920 329 :20 5939 415 4116 209 4969 335 ':40 6000 417 4088 209 5022 335 49:00 6062 422 4062 204 
:20 6123 426 4039 202 5132 349 6293 376 :40 6185 429 4017 199 5186_ . 35-4 .6JOB. . 37& so~oo 6248 433 3998 195 5245 360 6336 376 :20 6313 442 3981 195 5301 366 6366 387 !40 3967 193 5360 370 51 :oo 3955 194 5420 377 :20 3945 188 5481 388 :40 3938 187 5543 388 52:00 3933 186 
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Table A-91. Satellite EGRS 9, Orbit 7219 --
UT (hr) Paqo Paqo Wake Christmas .. I Maui -

r [~~__Lll.~r [km] i c rii., r [km] . 1 c rrn r [km] 1 c E:ll 

1627:20 6379 I 28 I I 
5616 6 

:40 6316 27 3944 9 6049 34 5635 9 
28:00 6255 28 3947 9 6026 32 5656 11 

:20 6194 26 3953 8 6004 31 5678 7 
:40 6133 28 3961 7 5984 34 5702 9 

29:00 6074 27 3972 9 5964 33 5727 7 
:20 6015 28 3986 7 5947 33 5753 9 
:40 5958 29 4001 11 5931 33 5780 10 

30:00 5900 29 4019 10 5916 35 5810 4 

I 
:20 5845 30 4040 9 5903 33 5840 8 
:40 5790 30 4063 10 5890 35 5872 11 

31:00 5736 30 4087 10 5880 34 5905 8 
:20 5683 31 4115 11 5871 35 5939 14 
:40 5630 32 4144 10 5863 35 5975 10 

32:00 5580 31 4177 9 5857 36 6012 12 
:20 5530 33 4209 11 5852 35 6050 16 
:40 5481 33 4244 10 5849 36 6090 8 

33:00 5433 33 4282 11 5847 36 6129 10 
:20 5387 33 4321 13 5846 36 6170 11 
:40 5342 33 4362 12 5848 37 6213 12 

34:00 5298 32 4405 11 5850 37 6256 
,, 

:20 5256 33 4450 11 5854 38 6301 14 
:40 5215 34 4497 T2 0860 38 

35:00 5176 34 4544 14 5867 39 6392 16 
:20 5137 32 4594 12 5875 37 6439 13 
:40 5101 34 4645 13 5885 39 6487 13 

36:00 5066 35 4828 15 5896 40 6536 16 

182 



. 
' ....__ Table A 92 Satellite EGRS 9 Orbit 7626 

i 

·01 lhrl Christmas Wake Midway Maui Shemya 

~ r[km] lC[M] r[kml lC[M] r[km] lC[M] r[km] lC[M] r[km] l.ill!l. 
l1J1 :4o 6094 141 3928 10 l2:oo 5133 63 6079 146 2907 12 :20 5068 60 6065 149 4584 10 3887 12 6123 12 · :4o 6053 153 4589 11 3869 11 6153 16 13:00 5008 59 6042 157 4597 13 3854 11 6212 17 :20 4881 56 6032 166 3841 12 6272 18 :4o 4820 53 6024 168 5143 12 3841 12 6333 19 14:00 4760 51 6017 173 4632 13 3824 11 6395 17 :20 4702 50 6011 180 4648 15 3819 12 6457 20 :40 5990 212 4665 14 6521 21 ls:oo 4578 46 6003 192 6584 21 :20 4534 42 6001 190 6648 20 :40 6001 199 6712 18 16:00 4431 43 6001 204 4754 17 6777 18 :20 4382 42 6003 206 4781 17 6842 18 . :40 

11:00 4334 39 6007 215 4810 18 
4286 39 6011 220 4840 20 :20 4244 39 6017 228 4872 19 :40 

ls:oo 4201 37 6025 231 4905 22 
4161 36 6033 239 4940 18 :20 4121 36 4977 21 
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Table A-93. Satellite EGRS 9, Orbit 7702 --
UT(hd Wake Maui Midway I Christmas -r [km] 1C f:i·I r [km] 1 c ri 11 _r fkmJ . 1C ff.I] r [kml 1C 1111 .. 

1025: 00 3930 12 
:20 I 6334 43 3907 9 
:40 6322 41 3887 11 

26:00 6311 40 3868 11 5009 71 
:20 6336 44 3852 12 4947 78 
:40 3839 12 4798 261 

27:00 6287 44 3828 11 4810 264 4824 72 
:20 6281 44 3820 08 4824 265 4764 71 
:40 6276 45 3815 09 4839 263 4705 70 

28:00 6273 49 3812 10 4856 266 4647 65 
:20 6271 45 3812 11 4875 265 4591 64 
:40 6270 47 3814 06 4896 266 4536' 63 

29:00 6220 46 3819 10 4919 266 4483 60 
:20 6271 54 3826 14 4943 267 
:40 6274 52 3837 10 4969 266 

30:00 6278 53 3849 14 4997 266 4332 57 
:20 6283 56 3864 15 5026 267 4285 53 
:40 6290 57 3882 15 5057 269 4240 52 

31:00 6297 56 3903 11 5093 269 4197 50 
:20 6306 60 3925 14 5124 220 4155 50 
:40 6316 63 3950 12 5159 269 4116 51 

32:00 6327 65 3978 13 5197 268 4079 49 
:20 6340 68 4007 13 5235 270 4043 49 
:40 6354 70 4039 14 5275 268 4010 47 

33:00 6368 72 4073 17 5316 269 3979 46 
:20 6385 77 4110 16 5359 220 3951 45 
:40 6402 78 4148 14 5403 272 3924 42 

34:00 6420 83 4188 17 5448 273 3901 45 
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Table A-94. Satellite EGRS 9, Orbit 7711 
I---

UT (hr) Wake Midway Maui I Shemya 
. .__ r [kmJj 1 c [; j) r [km] l c [ill r [kml l c [rll r [km] l c [ti] 
llls:oo 

-
4024 19 5195 16 

:20 4020 21 5210 16 5979 13 
:4o 4018 18 5227 14 

19:00 4018 18 4146 5 5245 14 6126 14 
:20 4020 20 4184 9 5265 15 6200 15 

. :40 4025 19 42'23 9 5286 14 
20:00 4033 17 4264 9 5310 13 6348 13 

:20 4043 19 4307 9 5335 15 6423 16 
:40 4056 19 4351 9 5361 13 6500 13 

21 :oo 4070 20 4398 7 5390 14 6574 15 
:20 4087 20 4446 12 5420 14 6650 16 
:40. 4106 19 4496 11 5451 15 6726 16 

22:00 4128 21 4547 12 5484 14 
:20 4152 17 4600 12 5517 15 
:40 4178 19 4655 13 5554 13 6958 19 1212: 20 4449 16 4790 7 . :40 4407 15 5206 18 4848 7 la:oo 4367 15 5191 18 4907 8 
:20 4330 15 5179 20 4967 8 
:40 4295 16 5168 21 5029 8 14:00 4261 13 3867 3 5160 20 5091 8 
:20 4229 12 3868 2 5152 18 5155 6 ':40 4204 12 3872 4 J 5147 19 52J9- 10 ls:oo 4172 T4 . 3878 5 5143 . 19 5285 11 
:20 4147 21 3887 3 5141 20 5351 10 :40 4123 20 3898 3 5142 18 5418 10 16:00 4102 19 3912 5 5144 15 5487 9 :20 4083 20 5148 18 5555 11 :40 4067 23 5154 18 5623 10 17:00 4053 20 5161 18 5695 12 :20 4041 22 5171 16 5765 10 :40 4031 20 5182 18 5835 12 23:00 4206 19 4710 12 5590 14 :20 4237 18 4767 12 5628 13 :40 4270 21 4822 12 5668 15 24:00 4303 20 4902 13 5709 14 
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Table A-95. Satellite EGRS 9, Orbit 7736 . 
Wake Maui Midway Christmas Shemya 

UT (hr) 
lC M r[km] lC[M] r[km] lC[M] r[km] lC[M] r[km] lC[M] rrkml 

1156:00 4722 16 

:20 4541 17 
:40 4493 20 7 57:00 4451 19 4836 
:20 4845 8 

:40 4379 25 3855 6 4950 10 

58:00 4343 23 3850 5 5015 7 

:20 4309 22 5088 13 3848 3 5077 9 

:40 4277 24 5075 15 3848 4 6150 35 5140 8 

59:00 4247 22 5072 12 3850 4 6104 37 5205 10 

:20 4219 23 5067 15 3855 5 6060 36 5270 9 

:40 4193 23 3863 6 6015 35 5335 10 

1200:00 4170 25 3874 5 5972 35 5402 11 

:20 4148 22 5065 15 3887 6 5930 35 5470 9 

:40 4128 23 5067 16 3902 8 5890 35 5538 9 

01 :00 411 l 24 5851 33 5606 11 
13 

:20 4096 21 5079 13 3940 5 5813 33 5677 12 
:40 4080 23 3963 5 5776 34 5746 

02:00 4074 22 3990 5 5741 34 5817 9 

:20 4066 20 4016 5 5707 33 5889 10 

:40 4060 19 4046 6 5675 30 I 

03:00 4057 22 4078 7 5579 31 I 

:-zo -Lr057 -Zl 4H2 -; ~£14 32 I 

:40 4058 22 5176 14 4148 8 5585 32 
04:00 4063 26 5197 14 4186 8 5559 30 

:20 

I 
4069 24 5220 15 4227 7 5533 29 

:40 4078 24 5244 16 4270 9 5510 30 
05:00 4090 25 5270 14 4313 7 5487 30 

·:20 I 4103 27 5299 13 4359 9 5467 30 
:40 4120 27 5327 15 4407 10 

06:00 4137 28 5358 13 4456 11 
:20 4158 27 5390 13 4503 10 
:40 4181 27 5424 15 4555 9 

07:00 4206 28 5454 12 4613 11 5388 28 
:20 4233 29 5496 12 4668 8 5378 26 
:40 4262 28 5534 10 4725 9 5368 26 

08:00 4294 28 5575 12 4783 8 5361 27 
:20 4327 28 5614 17 4838 9 5355 26 
:40 4362 29 5656 15 4903 10 5351 26 

09:00 4400 30 5700 16 5349 25 _[__/ 
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Table A-96. Satellite EGRS 9, Orbit 7807 
I-

UT (hr) Wake Maui Midway Christmas ----,_ r (kml 1 c J:l] r [km] 1 c ri ii r [km] 1 c Ull r fkml lC UlJ 
2227:20 6419 248 4343 240 

:40 16380 245 4332 236 28:00 6323 236 4312 240 
:20 6266 232 4294 237 
:40 6211 222 4278 233 29:00 6156 210 5401 397 4265 233 
:20 6102 202 5346 380 4253 229 
:40 6049 192 5291 373 4243 233 30:oo 5997 182 5238 358 4236 233 :20 5946 173 5186 346 4231 232 
:40 5898 159 5135 334 4228 235 31 :oo 5085 326 4228 233 :20 5036 312 4229 232 :40 4233 234 32:00 
:20 5635 120 4249 237 :40 5613 123 4855 279 4258 241 33:00 5570 115 4814 271 4270 240 :20 5529 108 4773 259 4285 241 :4o 5488 100 4734 263 4302 245 34:00 5449 92 4698 256 4321 247 :20 5411 85 4663 251 

I 
4342 249 :40 5374 8l 4629- 24& r . 4200 249 3S:oo 5339 77 4597 243 4390 251 :20 5305 71 4567 237 4417 260 :40 5273 65 4538 227 4445 259 36:00 5242 53 4512 231 4476 264 :20 5217 37 4487 225 4509 267 :40 4465 221 4543 271 37:00 4443 216 4579 274 :20 4425 215 4617 283 :40 4408 212 4656 284 38:00 4393 210 4445 217 4697 287 :20 4380 207 4404 212 4739 291 :40 4370 ~04 4364 212 4783 294 39:00 4361 199 4829 301 :20 4354 194 4875 313 :40 4925 313 
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Table A-97. Satellite EGRS 9, Orbit 7849 -
1· UT (hr) Christmas I Wake Midway Maui _.. 

r [kml IC-1:!,L 1 r [km] I 1 c [i:l r f kml i c r.rn r [II.ml lC fr!].. 
-

I I 
2304:40 4696 266 

05:00 5226 295 4652 266 
:20 
:40 

06:00 
:20 4494 249 
:40 4458 244 4769 488 5465 458 

07:00 5352 314 4425 242 4720 477 5441 448 
:20 5379 316 4393' 241 4670 468 5420 440 
:40 5406 319 4363 238 4622 460 5400 427 

08:00 5435 324 4336 233 4576 457 5381 416 
:20 5466 326 4310 232 4531 451 5363 412 
:40 5498 330 4286 229 4487 445 5348 396 

09:00 5531 335 4265 231 4446 455 5334 393 
:20 5565 342 4245 227 5321 383 
:40 5600 346 5310 373 

10:00 5638 352 4213 223 4408 456 5300 371 
:20 4200 225 5246 362 
:40 5715 363 4189 229 5286 355 
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I...__. 
Table A-98 Satellite EGRS 9, Orbit 7911 

< UT (hr) Christmas Wake Midway Maui Shem ya 
I..__ 

loos:oo 
r[km] lC[M] r[km] lC[M] r[km] lC(M] r[km] lC[M] rf km] ·1c[M] 

:20 4446 10 :40 5081 119 4559 7 06:00 5036 112 3975 10 4607 10 :20 4991 114 3947 11 4657 8 :40 4947 112 3922 9 4708 4 07:00 4905 112 3900 11 4760 8 :20 6158 204 4864 111 3880 9 :40 6099 198 4826 113 3862 10 4869 9 08:00 6040 194 4787 114 3847 10 4925 9 :20 5981 191 4752 113 3834 11 4673 38 4982 9 :40 4717 117 3824 11 4653 41 5042 10 09:00 4684 119 3817 13 4635 42 5101 10 :20 5812 176 4654 116 3812 15 4618 37 5161 9 . :40 4624 116 3809 11 5223 12 lo:oo 4597 114 3810 14 5286 11 :20 4572 115 3813 14 4582 40 5350 9 :40 5639 158 4548 116 3818 15 4574 39 5414 10 ll;oo 5652 153 4526 117 3827 15 4568 38 5480 12 :20 5601 149 4507 116 3837 16 4564 36 5546 13 :40 5551 143 4484 117 3851 16 4563 40 5613 14 12:00 5502 135 447J i1a 3861 19 . 4563- . 42- ··5680· 15 :20 5454 129 4466 120 3885 18 4566 46 115748 16 :40 5319 122 4448 125 3906 19 4572 43 5817 14 13:00 5277 120 4438 121 3929 21 4578 47 I 5887 16 :20 5236 118 4431 124 3955 19 4588 45 5951 21 :40 5196 110 4426 122 3983 21 4600 47 6028 15 14:00 5159 107 4422 121 4013 20 4613 43 6100 17 :20 5122 104 4421 124 4628 44 6171 17 :40 
ls:oo 5088 101 4422 125 4646 42 6243 18 

5055 96 4426 126 4666 50 6316 19 :20 5023 97 4431 133 4687 45 6384 20 ~ 
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APPENDIX B 

IONOSPHERIC DELAY TIME MEASUREMENTS FROM THE EQUATORIAL NETWOJtl{ 

ENGRS 7, ORBIT 2106 

1 . Mau i 1 7 . 1 2 
2. White Horse 18.38 
3. San Diego 19.49 
4. Cold Bay 16.47 
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Fig. B-1. Satellite EGRS 7, Orbit 2106. 
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Fig. B-3. Satellite EGRS 7, Orbit 2462. 
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Fig. B-6. Satellite EGRS 7, Orbit 2594. 
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Fig. B-7. Satellite EGRS 7, Orbit 2616. 
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Fig. B-8. Satellite EGRS 7, Orbit 2642. 
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Fig. B-9. Satellite EGRS 7, Orbit 2649. 
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Fig. B-10. Satellite EGRS 7, Orbit 2667. 
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Fig. B-52. Satellite EGRS 9, Orbit 3445. 

241 

8.26 
9.39 
8.26 

10.02 

80 



80 

N 60 2 :c 
:::!:: 
0 
0 
ID 
r-

~ 
0 
'+-
,.-., 
I/) 

"'O 
c: 
0 
u 
Q) 
I/) 40 0 
c: 
m 
z: .__, 
l-" 

Q) 
E 4 

•r-

~ 
I-

>, 
m 
r-
Q) 
c 

20 

20 

EGRS 9, ORBIT 3454 

1. Fort Lamy 
2. Cyprus 
3. Catania 
4. Addis Ababa 

3 

~ 

40 
Elevation Angle a 

60 

Fig. B-53. Satellite EGRS 9, Orbit 3454. 
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Fig. B-55. Satellite EGRS 9, Orbit 3470. 

244 

80 



80 

~ 
~ 60 

~ ... 
I. 
~ 

~ 
l 
Cl 

~ 
~ 
~ 40 
~ 
~ 

" 
~ 3 

" ~ ... 
~ 

20 
2 

~ 
1 

20 

5 

EGRS 9, ORBIT 4885 

1. Singapore 
2. Mashed 
3. Chiang Mai 
4. Cha gos 
5. Addi~ Ababa 

40 
Elevation Angle a 

60 

Fig. B-56. Satellite EG RS 9, Orbit 4885. 

245 

0.29 
21.32 
0.09 

22.23 
20.09 

80 



EGRS 9, ORBIT 4910 

1. Singapore o. 12 
2. Mashed 21 .15 
3. Chaing Mai 23.52 
4. Cha gos 22.06 

80 5. Addis Ababa 19. 52 

N 
:c 
::::E: 60 
0 
0 

'° .....-
~ 
0 
'+-
r-'I 
II) 

-g . 
0 
u 5 QJ 
II) 3\ 0 
c: 40 ltS z 2 L--1 

I-' 

QJ 
E .,... 
I-

>, 
ltS .....-
QJ 

Cl 

20 

20 4 60 
Elevation Angle a 

Fig. B-57. Satellite EGRS 9, Orbit 4910. 

246 



80 

~ 
3 

~ 

g 
IC) 60 
..... 
s.. 
~ 
,..., 
~ 
c:: 
8 
QI 
Ill 
() 
c:: 
~ 
" 40 .. 
~ ... 
I... 

~ ..... 

~ 

20 

20 

EGRS 9, ORBIT 4918 

1. Chiang Mai 
2. Hong Kong 
3. Cha gos 
4. Singapore 

4 

1 

~ ~ 
2 

40 60 
Elevation Angle a 

Fig. B-58. Satellite EGRS 9, Orbit 4918. 

247 

22.49 
23.50 
21 .03 
23.09 

80 



80 

N 
:::c 
::::E: 

0 60 0 
\0 ,.... 
s.. 
0 

I+-
l""""1 
Ill 

"O 
--C: -
0 
u 
QJ 
Ill 
0 c 
ttS 

40 c 
L-1 

... 
QJ 
E .,... 
t-
>, 
ttS ,.... 
QJ 
c 

20 

2 

'\\ 
4 

20 

EGRS. 9, ORBIT 4935 

3 

1. Singapore 
2. Chiang Mai 
3. Chagos 
4. Addis 

40 
Elevation Anqle a 

60 

Fig. B-59. Satellite EGRS 9, Orbit 4935. 
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Fig. B-60. Satellite EGRS 9, Orbit 4943. 
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Fig. B-64. Satellite EGRS 9, Orbit 5141. 
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Fig. B-65: Satellite EGRS 9, Orbit 5153. 
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Fig. B-67. Satellite EGRS 9, Orbit 5497. 
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263 

3.59 
2.32 
0.30 
2.42 
l.01 

80 



80 

N 
:r: 
:::E: 

0 60 0 
~ ..... 
s... 
0 

"'"" ,....., 
--V) -

"'C 
c: 
0, 
u 
QJ 
VI 
0 
c: 
IO 
c: 40 L-J 

.... 

QJ 
E .... 
I-

>, 
n:s ..... 
QJ 

0 

20 

20 

2 

EGRS 9, ORBIT 6194 

l. Guam 12.45 
2 • Zambo 11 . 14 
3. Palaul].48 

40 
Elevation Angle a 

60 

Fig. B-75. Satellite EGRS 9, Orbit 6194. 
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l 

• 
..... --------- .. 

·······-· 

··--------- ~ 

.-· 
-· . -·--·-

. -- ... 
--· -· = .11100-.01. . ..... --

(J 
w .... 

• oooa 

-··-- -
l 

--·----··=-~-
I 

··-· -· --···- x . -- .. . ·- ·- .,,·· 
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I N P U T ·----·------···- .. --.-·------------- ........ . 

.. -· ------·---------·-RADIUS or THE. URTH 
DEL-ALPHA : lD• DEG 
ALPHA•"IN : 10• DEG 
H-LOW : 7Do KH 

='no. KM · ----.---- ·-------.. -------.. 
OCL-THCTA : .aas DEG 
ALPHA-MAX : 70. CEG 
H•HIGH =•co. KM 

.•.•.••.........••...•.•..•...••......•...•.•...•..•..••••• --·-- ·-------- --· - . . . 
r U N C T I 0 N S - U S E D 

·•····•···················· 
U : loO - 0.01 • PSI 

----- - ------- - ..... v· = 1.0 - a.as • oMcoa 

W IHl HZ Hl HHl HHZ HHl 8 Cl 
10. ,5. 210. 120. z15. 10s. 1.6 •·o 5.0 

.•••..••...................................•...•.........•. 

l 
2 
3 

• s-
. -·- ------- --- ' 

• 7 

• ., 
10 
11 
lZ 

OUTPUT ........... 
ALPHA IOEGI 

10. 
zo. 
10. 
.o • 
:itr. 
r;o. 
60. 
so • .o. 
10. 

----·---... zo. 
10. 

ELECTRONS IE-17/"••ZI 

•• u 
3.19 
3.35 
Zo'2 
2.u 
z.u 
z.u 
3.01 
3.71 •• 7, 
5.n 

10.01 

······························~···························· 
·-~-~~..;.~.:.-.;.-~..;.;_~ .. _..;.;.:....;.;;;_,~.;..;~---·-~------·-:.------·--:.-;.~_;- .. .;.~------;......,._...,. __ ,.,. .. _.-----...-· 
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--------·----··-- --···-·-·. ··- ----------·-------· ---··. --··-·-----· -------
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• 
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I x· 
I 

·-----···...:.- ·--·----------··---... 
I X . 
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-- ·uo1us OF THE EARTH 
OtL•ALPHA = 10. OCG 
ALPHA-MIN • 10• Ota 

--- H·l.CV : TO. KM 

:5JTO. KM -· ·····- -- -·-- ----·-··-- ·----------·-----
CCL•THETA : .COS Ota 
ALPHA-MAX • TO. DEG 
H•HIGH =•oo. KM ·--. --------

--·------ !~-·~·····~··················································. -- ----.- ---------
F U N C T I C N S • U S [ 0 ........................... . ·- ------------------

U : l•O • 0.01 • PSI 

Y - l~O • 0.01 • OHtGA 

---------------·-V IH1 
10. 

HZ HJ HH1 HH2 HHl 
SS. 210. 120. 215. JOS. 

A 
1.5 

I 
•·O 

Cl 
5.0 

. - --- -·-- ------ -.......................................................... . 
----···· --------·---------·- -·-· -
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_··------------------------.ALPHA COCCI 

l 10. 

£L£CTACNS 1£•171N••21 

l.fs 

··-------------· 
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·---·· -· ------
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---------- z____ ____ 20. l '"'30 •. 
•• ss --- _ .. --r-
•.zo • •o. l.•D 

--------------:------- - -::: '·" ----·--------2.51 
l ,o. 2.53 
• so • 

. 9 ----·--- •D• - . ··-- -- -- - .. 2.11 ----------- - ·- ---l.Z• 
10 30. 

----------- ---· u -··-----··-· 20. 
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----- ------- s.oo -------------' 12 10. s.ss 
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• -------··---------· _____ ,: __ .,. _________ , _________ ·-------·----------·--------·--................ 1oo<oi ...... ------. . 

. ·-------:----
------- ----- --------------~--------------;.-______ : ___ 

---------- -----·" -----------·-- ·-- ----···-- -- - .. --·--. --------- ----·---------
·-----·--~-- ... -

------- ------ ~--.-

-x 

.uco.-010 
... - -- -·- -x--··--------·--·-·----- .. 

··x -

-·-··· --------· x 
I 

-- ----- -- ··------ - --- ·-·---- ·------·- ·- --· . 2 

·---:- --
... -:---

.......... 
-. ·---------:.·· 

-----,-· -r- - ---------:..,,... ---------
--- ------ --------2---~--------------:--...... 

ELEVATION ANGLE O'. 

306 

·------
_;------

"': ........ 
-- -- ---· -··--------

---- -· -------



~)' 
Ii 
I: 

' \ 
J.~ 

J. 
• .t 

'! 

-~· 

.:! 

!! 

.!! 

!! 

' 
l' 

.! 

.!! 

.!! 

'! 

.!! 

..............•................•........•.•......•........• 
I N P U T ..•....... 

----·-----------RADIUS OF THC URTH :u10. K" . - - - -- ··-· 
OEL•ALPHA : 10. OCG DEL-THETA = .005 0[0 

. ·-------·-- -·-- _ ALPHA•MIN : 1Co OCG ALPHA-"AX : 70. OCG 
H-lOW : 10. KM H-HIGH =-oa. KN 

-----. ------·-· ••• _. !• ·~.!_ ..... ~ ••••••••••••••••••••••••••••••••••••••••••••• 

--····-------· 

-- -··----

F U N C T I 0 N S • U S E 0 ••••........•..•........... . . 

u = 1.0 - 0.01 . PSI 

y - 1.0 0.0075 . OM[Gh•J / ABS IOMCOAI 

J IH1 HZ HJ HH1 HHZ HHJ A • CJ 
10. 95. 210. 120. us. JC5. 1.& •·D '·O ...................•....................................... 
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OUTPUT ........... 
ALPHA IOEGI 
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JO. •o. 
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ELECTRONS 1[•17/"••ZI 
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--------- ---· ·-· , .. ,o. 
J.16_ 
2.79 
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-----------·-·---g .. ----·-· 

60. 
so. 
•O, 
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10. 
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z.91 
J.u 
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---- .. ---------·---·-----------· -- ------··--- -·----·-- -
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I II P U T - _____ .. ___ -- -·-----·-----·-· . ....... . 

- ·----------·-RADIUS or THt URTH 
DtL-ALPHA : 10• OtG 
ALPHA-HIN : 10. DtG 
ff-LOii : 700 K" 

-- --· ·-- ---------------------:G37C. K" 
OtL-THtTA : oODS 0£0 
ALPHA-HAI : 7C. CtG 
H-H.UH =•ca. KH -- -·- - ----·-- ----------

...•.•....•.......•...•••.....•.....•....••.....•.••....... -- ... ----- -· - - . --- .. ----·--··· -r U H C T I 0 N S - U S [ D 
--------------·- - ~· ........................ . 

U : loO - DoDl • PSI 

y : loD - C.DOZ5 • Offt0A••3 I A8SIO"tGAI 

11 IH1 
·-·-. --------.- 70. 

HZ HJ HH1 MHZ HHJ 
95. zia. ·uo. us. 305. 

A 
1.5 

Cl 
5.D 

•••••••••••••••••••••••••••••••••'••••••••••••r•••••••••••• . . . . 

------·- --··----- ... -

1 
2 . . ·------- - --·- .. 3--. 
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-5 ·--· ·-··-·--

' l 

0 U T P U T ........... 
ALPHA IOtOI 

10. 
zo. 
3Do 
•O· -so. 
50. 

ELECTRONS lt-17/"••ZI 

s.11 -··· 3o9J 

--·-· -------· 
····--- .. ---

---
. -· ··-----------

----~ -· 

--- -- -···-----·--·_... 
·- ____ _.! _____ ____ 

·--- - --- -' 10 

,a. 
so. 
•o• 
30. 
zo. 
10. 

3.27 
z~.u 

z.ss 
:r.s, 
2.11 
J.37 ·--·-·---·--·--------

ll ·-· - .... ·-··-u 
•·19 s.n •·'1 ........ , ••...•......•....•..•.•.•••••.••...••........•..•• -------------.-'· 

·----~----·-~-------·---------·---------·----~----·---~-.:_·---------·---------·---------·---------· • ---oUCO•OZ• 
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••••····•··•···•·····•······•····••·••··•·•••••··••····••·· 
"" ----- ·-·· -··· -- --···· --·- ··-. - I N r U J ......... . -·-------·-···-·----·-----

•ADIUS or THE EARTH 
DEL•ALPHA : 1Co CEO 
ALrHA•MIN : 10. DtO 
H•LOW : JD. KM 

:UJOo KM 
DCL•THETA .CDS DEC 
ALPHA•MAX ~ JD. DEO 
H•HIOH =•cc. KM 

.•......... , •.................•...........•.....••••......• 
r U N C T I 0 N S • U S E D 

. ----- ··-·---··· - -. -·- .. ----· ... . ......................... . 
u = 1.a - o.a1 • PSI 

·-··-·-·-----··-···· V :··1.a·- SINClS•O"tOAI 

----· · -----·------ _w ~~! a~! 21~! 1~~~ z~~! J~~! A 
1.5 

····-· --··- ·- ----·-----------

CJ 
5.0 

~·~·-· ••.••• ...................... ······ ....... ·············· 
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.... ---·--------------:----·--· 
' ···- •. --- ------------- _5 _____ •• 
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11 
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ou1ruT ........... 
ALPHA IOUI 

10. 
10. 
30. •o. 
so. 

'"· go. 
50. •O. 
30. 
zD. 
10. 

ELECTRONS IE•171"••ZI 

z.o. 
.39 

·" 1.39 
!-el.f-
1.n 
i.za 
..oz 
1.2, 
1.11 

10.u 
u.u --·· --- - ---------------

•···••·•····•··················•·····••····•·······•••·••·• 
·-------·---~-----·-----·-------·-------·---------·--------.-:-------·--·--·-· ---· - .. •lZOO•OZ• • 
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I 

• 
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() - . -- -·--·-·------------- --· 
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~ ------------------------------· ·- - -
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• 

----·----- -
------·---------·----------------------
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I 
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••·•····•··•··•·······•·····••···•········••····••··•···•·· I .N P U T .. ___ ----- ----------- -. -- .... -· -- ·-----------------------

-· - ·------ ...... ___ . ·- -· 

.•......• 

RADIUS or TH[ tAATH 
DEL-ALPHA : 10. Oto 
ALPHA•"IN : lCo DEG 

:'37Do K" 

·---·---.-- ---·- H-LOV: 70. K" 

DtL-THCTA 0005 DEG 
ALPHA-"AX TC. DCG 
H-•UOH =•oD. K" 

•••·•···•··••··········•···········•··•·•··•········•····•· 
F U N C T I 0 N S • U S £ D 

------- -----
- -- -- ---------

--··--.--
••...•.•.....•.••.....••..• -----------·--·--- . .. --------· ----------

U : 1.D • Oo01 • PSI 

---· ------------· ---, - loO • SlNUO•DNCCA·20~DCLTAI 

_ ·------------- v_. IHl HZ HJ HH1 HHZ HHJ A B Cl 
1a.·· 95, 210. 120. z1s. 10s. 1.& -.a 5,0 

•.•.••••••..•..•.............•...........•...•........••..• 

1 
2 ---------J --· -----
• 5 

' . 1 

D U T P U T ........... 
.ALPHA IDEGI [LCCTRONS 1[•17,N••ZI 

1.0. 
z,5s, 
3.DJ 
J.O, 
3.c• 
3.01 
J.12 

_____ ___.. 

-----·-------
---------

----·-
---

. ------
• - . ------------- ' - -----· 

10. 
zo. 
30. •O. 
5D. 
60. 
,D • 
5D • •o. 
30. 
zo. 
10. 

----- -·· ,.SJ s.n --· ---------- -- -----------~ 
10 
11 
1Z 

7.33 
lOo\J 
u.n 

-·-~---- -______________ .. 
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I N P U r 

-. .. .. . .. . -- ----·--:---------- --: -- -------

·--·------------RADIUS ·or TH[ ·c•RTH 
DCL•ALPHA : 1c. otc 
ALPHAl-"IN : 10. etc 
H·LOV : 70. K" 

:&J7De KM . - - ..... ·- .. 

DEL-THETA : .co5 DEG 
ALPHA-"AX : re. 0£0 
H•HlOH :•DO• K" 

••.•••.....•..............•.......................•.......• 
FUNCTIONS-USED ........................... 

U : 1.0 - OoOl • PSI 

V : loO - SINllS•OMCCA•ZO•DELTAI 

V IH1 HZ HJ HHl HHZ HHJ 8 Cl 
10. 95. 210. 120. 21$. lt~. !.. ..o ,.o 

··- ---------··-·-· - --~····~····················································· 
OUTPUT ........... 

ALPHA IOCG I 
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2 

----------- ---- J --- -----·-- -··--
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' 1 
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' 10 
11 
12 

10. 
zo. 

. JO. 
•c • 
so. 
50. 
60. 
so. •O. 
JO, 20. 
10. 

ELECTRONS IE-17,M••ZI 

1.c, 
1.0 • 
1.,-s-
2.ttl 
z.n 
z.rc 
•• co ..u 
,.~J 

r.12 
10.u 
10.56 

~ ..•.....•........•.........•..........••.....•.........•.... 
.,_-:.,._ __ .. -· ·-~~.;..:: _ _;.,~--__;.-·------·-----~·--------·------·------ ... ----·------· -- -

•lZCO•D2• • 
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··------------------··--- ·-------
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-·------------------·-----.,DIOS or TM[ EAATH :,310. KM . - -- ··--··· 
DEL-ALPHA : 10, DtO DEL-THETA : ,005 DEG 
ALPHA•MlN : lC, DtG ALPHA•"AI : 10• GEO 
H-LOY : 10. KM H-HlGH =-oo. KM 

.. --------'-'''!~.'.!!•·················-································ 
F U N C T l 0 N S - U S t D ••.••....•................. 

u : l.o - DoOl • PSI 

v : 1.0 - SINllO•OHEGA·-D•DELTAI 

y IHl HZ Hl HHl HHZ HHl A 8 Cl 
lD, 95, uc. 120. 21fl. 305. 1., ',o 5.oD 

·········································~················· 
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G U l P U l ........... 
ALrHA IDCGI 

10. 
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30 •. ,G. 
_so. 
10. 
go. 
50. ,a. 
JO, 
zo. 
10. 

ELEClRDNS IE•17/N••ZI 

z.,1 
,.zo 
.. ... 2 ,.u 
,.oo 
3,15 
•• so 
s.:z 
1.za 
1.u 

10·3' 
UeH 

.•••....•..••.....•.......•...•••...••..•..........•.•.•••• 
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. -------~--#~ 
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.1ZDO•CZ• 
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- --·· ·--- ·--------·------ ·-··--·--------------..... -:-

----·------·-·-----·-- ------------------·-------------------~··""' . . ~ 

-----·---------·-··--·-----·-·-·- -------·--------------------------------· 
··---------•---------·---------•---------•---------•---------•---------•---------•---------·------.-;:oo•o' 

elCDD0•02 oZ5DCO•D2 .~OCCO•CZ o55DCO•CZ •lCODO•DZ •1 
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l'j ... 

I 

.J.' 

..! 

...! 

.!! 

!1 
! 

!' 

!! 

.II. 

!! 

.!! 

l!. 

.!! 

!! 

!! 

!! 

.!! 

!! 

································~·························· ·I N P U T ......... 
:CJlO • ICM ·· ··-·-· __ .. ----·-- --··- ·uozus er THt EARTH 

DtL-kLPHA : 10. DEC 
• ALPHA-HIN : 10. DCC 

----------·-----·- H-LOW : 70, KM 

CCL-THETA : .005 CEO 
ALPHA-MAX : 70, CCG 
H-HXOH =•co. KH 

--- - -~~~···-·~································ ...... _ ............ . 
f U N C T I 0 N S - U S E C 
''! •••••••••••••••••••••••• 

u = 1.c - 0.01 • rsI 

W CHl 
·-- -------------·-·· 10.· 

HZ H-3 HHI MHZ HHJ 
s5. 210. 12c. 21s. 10s. 

A 1., Cl 
5,0 

··~~····· ................ ··············· .................. . 

1 
z 

. --- ---- ----- J 

• 5 ,-
7 
I 

' 10 
11 
1Z 

0 U T P U T ........... 
ALPHA IOEGI 

10. 
20. 
JO. 
•o • 
so. 
50. ,o. 
·so. •o. 
Jo, 
10. 
10. 

ELECTRONS CE-11/M••ZI 

.11 
2.20 
J.zz 
J.s• 
J.£-2-
J.65 

'·'' s.u 
'·" 1.00 
s.u 
1,SG 

-· -- -- -·---··························································· 
·-·· .. ---·· -·-----

, ______ ..;,~.; ___ ..;. __ ·~-=:..-----·--·-------·--------·-·--------~·--------·-----·------·--------.--- -- -
•UCO•OZ• • 

. -·---------·--------·--
•SIOOO•Ol• I • --- ··-- ·-- - --- ----------"' 

------ ------·------------·- --·- ---x 

.. ---.. -··- ·---···· .. -·---.-·------·- --· 

~ • 7Z00~01 • - --------··-··-- .-- --· 

I 
... 
Ill 

I\ .. 
'o 

I .. U •"•co,,.01• 

~ 
• 

··-----·---· - •. 
I I . x· 

• 
• --·---.- - ···- ---·--- ... ---·-·-- - -- . ..._ -- - . ··--· ··-- -·-·- ·--------------- -- --

·------------------------- ·-···- ·--····· --· -- -·- ----- --- -- ··----------------;.. 

---------·------------. ------ -·-· -·----------------------- -· -x 

•Dooo • ---·-··----- ---·-----.·--
·---------·---------·---------·---------4---------·---------·---------·~------·---------·---------· 

.1CCOO•D1 . .uoe0•02 ·•DOOO•DZ • .ssooo•ez_ - --- .... -- .1cooO•OZ ..• UDOO•Ol 
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.! . 

. ! 

. 
!.! 

.. 

!' 

!! 

.!!. 

!!. 

. , 

~ 

" 
... 

~ 

------
.••.....•.•.•...........•.•..............•.•••.•..•••••.•.• 

l N.P U f . ....... . ---- ·-----:.£,..-·- _;___, ---- -------------·-

·-· - -------· ·------··lDIUS .. O, THE EARTH =6:no. KM . •... --·--------·-
DtL•ALPHA : 10. DCC DCL•THtTA : .CDS DCC 

. ---···- ----·-··· ·-···· -· ALPHl.-MIN = 10. DEG ALPHA-MAX : re. DCO 
H•LCW : 10. "" H•HIGH =-co. "" ·--·-·-----........................................................... - --- ----- ----------

F U N C f 1 0 N S • U S l D ........................... ---·· -- ---··· - ----------·-----
~ : loO - OoOl • PSI 

--·----··-----··- -- v - loO - SlNllD•OH£GA•20•0ELJAI 

V IH1 
- ------------ .. - -· 10. 

HZ HJ HHl HH2 HHJ 
9Se 210. 120. ~l•• JOS. 

ii 

- .o 
Cl 

,,o 

- -· -----·--·-· ~-· •••••••••••••••••••••••••••••••••••••••••••••••••••••• ! •• 

OUTPUT •..••.•.•.. 

---- ·-·--···----·---- ___ ,,ALPHA IDCGI 

1 

z ··--·---
• 

-·--·--·- . ·---- ··- 5 ____ .. 

' 1 

tLtCTRONS IE•11/M••21 

,51 
,JI 
.11 

leOJ 
loll 
1.?, 
z,10 

··-------------

·-- ----- -- ___ .. -

·-----··- -.- -

--··-------
.. ___ ----·----

.!!. I - ·- ---·-------·--·-. a-· . ------
' 10 

10. 
zo. 
30. 
-o • 
so. 
60. 
60. 
so. -o. 
30. 
20. 
10. 

-- -·--··-·· ·---· 2.'1 J,U 

________ ... .-· 

.!!. 

ol2CC•D1• 

11 . 12 --------

s.01 ,.,, ---··-----------· -·- _____ _...--" 
lJ,15 

•.••....•..•.•......•.......•.....•.....•............•...•. 
·-------·---------·---------·---·------·---------·--------·---------•-:-------·-------·----... 

x 

--·---- -····-----·-··--------___...--

------- -----·--. -- ____ ,, ___ ---· ·-----· -

·- -;- -·· 

------~---. ,,.. 
------·-·-------.. _ ......... 

---------
-,,.----·-------,,,,. 
--· -------· 

N' 
::!: 
()j z .1100..01• 

0 
a: 
t; 
w 
..J 
w ,... 

u 
w 
I-

·-· --· ---- ---·- -- .. J( -· -·- --- -

7"----------------·-------- -----. 

-,,,,.,,,.,..,.,. 
- --- ...... -··,,,,. 

-,,.,, 
. --·-·--- --· -·-·· --·-·· - - ·. ·------_ ___..·----: 

./ 

- --4-- -------------·--- -------· .• -----·· ---- ------ ---- ------------ ·--------- __ ....... ; 

x 
- -----·-·--· 

•,,./ 

------------~ 
·/ 

- -· ~-----·-··--·-·-·---··-----------------------·--·---------------------- -
x x ·/ 

: - .. -------- ---- -·- i------- ___ x __________ -- ... --·-·- -------------------------'; 
~ ~ ~ 

.ooco . :- ·---·-------- ----···--------·· ·--· ------- .. -----·-·--------·----~----·--------- ...... , •• -.. o•°'· 
•---------•---------•---------•---------•---------•---------•---------•---------•---------•----- 1500 . • 10000•02 .zsooo•oz .,0000•02 .ssooo•o2 __ ..... 10000•02 • 
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.J 

J! 

·" 

!' 

1! 

•DDDQ 

....................................•.•........••.. ~ ...... . 
I H P U T 

- .......... ------
_____ ""7 ______ RADIUS or THC tARIH 

I DCL•ALl'HA 100 DCC 
:6310.· KN·----------·--------------------

''.- ALPHA•HIN : 10. DCO 
H·LOV : 70. K" 

DCL•THCTA : 0005 DCll 
ALPHA-HIX : 70. OCO 
H•HlGH ••DO• KN 

- -· .. ·- ·---·- ·······.~···~··············· ................................ . 
r U N C T I 0 N S • U S C D 
.•·························· 

U : loO - 0.01 • PSI 

y : 1.0 SIN11S•OMCGA•20•DCLTAI 

V IH1 H2 H3 HHl HH2 HH3 8 Cl 
10. ~5. 210. 120. z1s. JOS. 1·' '·D ,.o ......................................... ··················· 

1 
2 
l 

• 5 

' 1. 
I 

• 10 
11 
1Z 

o U T P U T ........... 
ALPHA 10£01 

10. 
20. 
JO •. 
•o • 
so. 
6Co 

'°·-so. 
•o • 
JO. 
20. 
10. 

ELECTRONS IC·17/H••21 

J.63 
.33 
• 30 
.60 
.11 

1.11 
z--.;n-
1.01 •·22 '·1' •• u 

u.u 

•·•··••·······•·················•··•················•·•••·· . ---..:--~· ~..;.·-----·----·--;.:~--·---------·---------·--------·-~----- ..... ~ --------~·-------·---------· --·· 
• 

x --·------: 

• 

• 
----------·. ------··· x 

-r 

x 

x • • -- ---- ----------- ------ --- ·---------·---------- ------- ----

x .. -- ------------ --------------

.-----·----~-- ---~----- ·-----····--· ---·- .... -- ·---------------··-------------.. --
·---------·---------·----------·---------.---------·---------·---------·--------·---------·---------· ol0C00•02 .25000•02 ·•DOD0•02 055000•02 070000•02 085000•02 
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••••••••.••.•••..••.••..••.•...•..•...••.........•...•..... 
J II P U T ·--------------------·-; ......... - -----

--- . -··-·--------------- 1iao1us· OF THC""tutif--:010; °K"------·-·-

N" 
~ 
(;; 
z 
0 
a: 
t; 
w 
.J 
w 

u 
w 
f-

DEL-ILPHI : ~· DEG DEL-THETA : ·DDS DEG 
ILPHl-"IN : •· DEG .. ·-·. ALPtfA-"AX: 3Do OEG···----------------
M-LOll : 70, KN H-HJGH =•ODo KN 

. ______ __:.-.---

r U N C T J 0 N S - U S E D ...... !._• ···-·~·!.!!.•••• .. !_!!..• __________ ..:.___-;--

U : loO - OolO • PSl ___ ..... _.. 
·- ··---------V : loD - OolD • ONEGA 

. V IHl HZ Hl HHl HHZ HHl A I Cl ----Jc. ts. z10. 1ia. 21s. 10s. 1., '.a 1.0 

.•••••••••••••••••••••••••••••••••••••••••••••••• ~-..... ·-!. • •. ~ -~----- ----------

1 
2 
J 

' -s 
' 7 
I 

• lD 
u 
12 
.u 
l• 

0 u ' , u ' .........•. - ... ··-- --· ·--· -· ---------- ·----------· 
ALPHA IDEG I ELECTRONS IC-17/NUZI __ _:--·---------~-----

••• 1.!.2 
1.n 
z.os 
2,.u 
z,z, 
f.l .. 

- - . . ·-·· J,Jl 
3,15 
.. ... 1 

---·-···- Soll '·lZ 1.23 
. 1.to 

. --· -------------:----
-- -------------~---- ________ .. -
--·---··---- ------ . ·--· -------··- _ .... -·. 

.. A•' -----·------
·---------- -----·--· . 

__ .,.. ~ 

••••••..•...•.........•••......•............•.•.........•.. 
·---------·~-~-.. .;--~,..:.;.;__~-~-.-..:..-~:-~~.~==;.~~~-~·~----.;..;,.=-._~~~~---:,.;-·-=-..:;..;.;....~.=---------·-~--·. 

olZOO•OZ• ..... · 
-----·-------------·--·------------------· -------·- -

-. 
-~500•D1• --- - -- .. ·-··· ----~---------·-------·-·-·-·------- -··--

.ODOD 

I 

I 

·-· -·-·-·------------------·- --·- -··------ - - - -- -···· 

x ----

x 

-·---·-·· ----- ···------
I 

I--··-------·-·---···-···--·--·-· 
I 

--- ... . 
.......... 

---
-- ·-·. 

-.. -' ___ .. .,. 

. -
:_.../ 

-;; 
·-- --------- ·--·----------------------------·--·----~---- -
- -··-··---------------- ... -·--· ,,. --- ---·- ···- -----·-·--------·-· ----· -. -·- ·--· :_,,,/ 

... - - ·-·-··---·------·-------·:·-·--- --~---------------··· -·····-···-- ---·· 
. ·-----·------·-------·------·------._------·------·-------·------------;;:oO'°' 

olDCOD•OZ o25DCD•Dl ,,OOCO•DZ o5SOC0•02 .10000•02 ' 
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......................................... ···················· 
···---"----------------!NP U.T --·--••••••••• 
·----- ----- RADIUS 0, THE°--URTH. =6no •. KM- ---------"----

DEL-ALPHA Jo DEG DtL•THtfA : .DOI DtG 
--· ------- - ALrHA-KIN : '· Oto ALPHA-MAX : Jo. DEG 

If-LOW : 70. KM H-KIGH =•ao. KM --· ··-- ····-· ·-----·----------
.. ·~~~·•••••••••rt••••••• ••'•••••••.••••••r• •••••••• •• ••.••••••~-·- ---- ·--·-·-·· ·-----·. _ ----- _ ·- ·-- --· 

,UNC TIDNS-UStD 

-------·~·----- !.~ ~ .~.! ! !.~. ~_. .!! !.~ !_ ••••••• ~ ••. ! • -----------------------·---
U : loD - OolO • PSI 

-- -----------,-: ·1.0 --o.os--• OMEGA 

V IH1 
70• 

HZ HJ HHl HHZ HHJ 
"5· 210. 1zo. 21s. Jos • 

. ••••••••!••······~··································~········ 
OUTPUT 

·- ----·-·-----·------·--·---__!!•!·~···~··· 

--------- ______ __ALPHA _IDCOI 

1 ,, 

CL[CfRONS lt•17'M••ZI 

2.11 ________________ z _________ 12·-~-·----------- _ 
l u. Zo!S 

· z.n 
z.;, • 11. 

S- ------· ---· Zi-. _ _ ___ ..... _ 
5 Z•• 
1 :n. 

--- --- --- • --- 21. 
' 2'. 

10 21. 
-· 11 11. 

2'• 75-
ZoG& 
2.59 
Jo07 
J.u 
lo!D 

--------···-··-- ---------
12 n. •·42 

1.05 ---- --- ------------·--- -- ----- --------· 
1l 12· s.11 

n '• '·" -------------------·-·--·--· 
•·•······•····•·····••········•·•······•···········•··•··•• 

-, ____ .;.;.._.;._,_~;_:__; __ . ___ -:__;,;._~-·;.~ .. :;.:,;_~.;.;.;;~.;.:.._.:__..:. ... ~;..:.;..;_~-·--·;:..._----·~.;.._---·-----· 
•Uoo .. oz• 

•Oooo 

--

• 

---- ---· --------------------- - --------
-------------------· -·--------·---. 

--·· --- ----- -- ---------------- --------------·-··-----------

- -------·-----------· -·-- ·- ----~-· 

--i··-- -----------------------------------

x 

-x·--------------------------.--- -- .. --·- - --· 

x -- 1· -----
1 

x 
I 

I 

• 

• 

• 

·--·-
----------··----- ------ -- -

---· .--·--·---------·--------·--------·--------·---------·-----·---------"------· __ .. __ ---··-------· 
0 1cooo•o1 .zsooo•oz .,oocc•oz .ssoto•oz. ___________ .1coo• ·nz .esooo .cz 
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N-
~ 
Iii 

............................................................. 
X II P U T ·- --------·---------........ . ----· 

--- ---------RAOXDS ·or" THl:0 °l:AATll-·:,na·~·-il" ______ _ 
_____ .... ----

D,EL•ALPHA : J. OCG DEL-THE U : 0005 OED 
·~l.PHA•"lN : 9. DEG ALPHA-MAX : JO. DEG 
H-LOll : TCI. K" H•HlGH :'CIO • K" 

...................................... ··················!··-----~------ ----·- .... ----- ... -· 
FUNCTJONS·USED ............................ - . . 

U : 1.0 - 0.10 • PSI 

. --- - --·--y - loCI • OoOl. • O"CGA 

____ 11 IHl HZ HJ Hiil HHZ HHJ A CI 
To.· 95. uo. 1zo. us. Jos. 1., ,.o 5.0 ............................................................. 

OUTP'UT ........... 
____________ AL!'HA IOEOI 

1 •• s.zo 
___ z ·---------- u. ,.u 

J n. ~.u 

' 11. l.so 

-···--·-----:------:----- ~::-----·--·------- ~::: 
T ZT. Zoll 

--·----· _ ... 

---·--
·--· _____________ ..--.. 

·- ---- -----· .. 27~---------·-· -·- z.u --··-----·--------··-··-·-------• 2111. 2.,. 
lCI 21• J.21 

~~ - . -··- ·--·---··· ~::. ---- - ---··--· ;::: 
13 u. 4.11 

. -- ------···---·-- 1'·---·-·-------· '··----------· '"" ·-----------------------....................... .. ................... ...... ......... , 
·---· -·-·· • .;._,.:_-_-~_.-;.-;,;:.:.;..;_-;;=-;.,.;..":_-;.:;;.;,;~--~-==::.;:..~-=.-.-:;;.:=.;.~-=-·.;.=:.::-.;..;·,~~-;;;.·;..:.~~ •. ------..-... -__..,,... 

.12CO•CZ• • ----::-· ..... 

·-

"· 

z .7100•01• 
0 
a: 
t; 
w 
.J 
w 

..... .. 
'o .. 
0 
w .... x .. 

••N01E. 

"··" 

-...--· 
------------------------- -·---- -- ----- ---· --- ----··-.;,· 

......... --·- ... 

. .,...--
---------------- -------:· 
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................................................ ······· .... 
-·--·- --- __________ % .N P U .T ......... 

··-·-----uorus-or THE.EARTH ·=,no~ KM ·----- ···------- ------ ··· 
DEL·A~PHA J. DCC DEL•THETA : .OCS DEG 
ALPHA•MIN 9. DEG ALPHA-MAX : JO. DEG 

-----H-LOW: 10. KM -----·-H-HICH =•oo. KM ·--·------------ --

----- -·~.!···-·-~··· ....... ·~··········· ·~········· ............ ····· !••.·-------------------·-. --
F U N C T I 0 N S • U S [ D --- --········!·················· -- -·-------------· -----· 

U : 1.0 • 0.10 • PSI 

··- ----··-- -·--····· 1.0 ·-·a.oars • OMECAot3 I ASSIOM[GAI 

W IHl HZ HJ HHl HHZ HH~ A 8 Cl 
1D. 95. 210. "120. 215. JCS. 1., -..a '·D ............................................................ 

OUTPUT ........... 
ALPHA IOEG I 

1 '· ___ z ____ 1z. 
3 u. 
' 11. 5 _______ 21. 
' ·- z.•• 

ELECTRONS 1[•17/H••ZI 

z.~1 
Z.l!O 

· loCI 
3oC'J 
3.01 
z.n 

?- 2-le- Z-e-1£-
·- ------- •--- ___ 11. ____________ 2.n 

' z,. J.zz 
10 21. 3." 
11 u. ..11 

--·-·--- 1Z 15.----------- •·l'J -----------·------
13 12. s.as 

- --·----"·--------'·-------·------ 1.11 .. ________________ _ ............................................................ 
·----·_;_;._-=~--..:..";.~~~.";.'_,.;_:.-~-~_.;;.-·:,-..;._ __ ~-·-.;;--.:.~-.;.=.;; • ...:~.;_,.:._;~--.-;.· ___ _;,,,._-;..~-=..;,;._.;.;, __ .;,.__·_·· 

•1200..0Z• • 

•Coo a 

.-

• 

x 

I 

x 
x 

-·--------- ----------- ------ ---- --------·-·---------- ··--·-- ---··-· 

---------· ---------------·--:· 
I 

____ i ____ -· 

-·---· x .. 
----------------------------·- -- ------ ---------------

z----- -------------- ------. -·- --------···· 

• 

• 

• 

-· 

---------·------

-----------·-------

-- --· --------------------·--- -------·----'--·-------------- -------. 
·---------·---------·---------·---------·---------·---------·---------·---------·-------·---------· olDCDD•OZ oZ5DCO•D2 ••OOOD•OZ ' o550r.O•OZ olCOOO•O:l ol5000•DZ 
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u 
w 
I-

........................................................... 
---- --------- ___ INPUT ---~--------------

: ~-

RADIUS O' THE EARTH :637D. K" 
ML-ALPHA : J. DEG DEL-THETA : oDDS DEG 
ALPHA•MIN : ~. OED ALPHA·"U ::. JO. DEO 
H-LOW = 10. K" H-HIOH =-oo. K" ..................... ...... ........... .... ..... ............ -~ . 

,UNCT?ONS•USED 
. - - ---- ---- ·- --· -- ........................... . 

U : 1.0 - O.lD • PSI 

-·-··----.; ·: loO - DoDDZS o UMEOh•J i H'HO"EOAI . 

_________ W IH1 HZ HJ HH1 HHZ HHJ 
10• -,s. 210.·120. 215'· 305· 

A 

l·• • ... D 
Cl 

6.D . ........................................................... 

\ 
z 

OUTPUT 

~-·!~···•!•.•- -·- .... - ···-------- -·-

ALPHA IDCGJ ELECTRONS I C•ll/"••Z I . 

'· ,.,, 
iz. J.11 

. -- -··--- -· 
---- -·-

··-----· 

---· --~ 
----------:i~--· 15.-----·--··-·---··--·-J.,. ·-- ---··--------

.. 
--· ··---- s 

' l 
• 
' 10 

-· ·-- -· ---·---. 11 u 
u 

-·- -· ---·- -· n 

11. J.ftS 

··-- -~~· ~- ~!:~--------· ~:~~. --- - -------- --·-·--__..~-
21. 2.11 

·----- 21. _____________ z.es ---211. J.11 
21. J.'3 

~-- ---- u. -----------· J.81 .. ·--- -----·----1s. -.29 
lZ. ft.17 

--------- '·------·-----~ s.sa -·--------·----------------__..... ........................................................... 
·----·-·--.~.;~..:_.;..~.~=~-:...;·_·=.;;.;.:..;.:,:..: • ...:-.;.;.;.;..;_·:.~;...;.=.;;;;=.-;:.;.;-...;_.;.~~";..-..... _ . ...;......; __ .,__. __ __; .... --~·. 

olZDO•OZ• 

,DODD 

----------..------------------------~-

--------- ---------·----··---·-- ·-. 

--··-
•. 

--------------·--------------·--------- -- --------~ ----

-. -- --···--··-

·-
···--· ... ----·---·----·----------·-·----------;··----· -- . ----·-. • - .I-•··--·····-:· .. -•. 

I 
~. ---z· - ------- ----·. 

-- .. -· 
----·------------- --.. - •' 

·-. - ·- - ··-· - --- ----------·--~- --- ------------ ----------- --· -·- ------ ----·--
··------•-~---~_.-------~~-·; __ :·~~-~~~--------•--:~~-.~-=~--::~~~~--•-----·----:;;;ao"1 

olDDDO•DZ oZSCCD•DZ .-Dlll!D•DZ o55DDD•C1 • lCODO•DZ 
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I N P U T ---- -------------.. -....... --· 

·- .. ···---· ----,,:--· IAOlus" ·a,. THE-EARTH-=6370~ MN . 
,.. DCL-ALPHA : l. DtG DtL-THtTA : .aos DCC 

- __________ ALPHA-"IN : '· CEO ALPHA-"AX : la. Oto ____ . ---
H-LOV : 7Do KM H•HIOH =•co. KM 

. ·-- ~~ ~ •.• ·-· • .••••••••••••••• ~- •.• .•. •.• ~ ~-. _ •••••• ·~. ·~· ••• ~ _ ••• ~ •• .! .!_! ·------ -----------
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- . ----- aADHIS or THC -EARTH :'JlO • ..• " ·--·---·- -------------·---·-
DEL•ALPHA : l• OCG OCL•THCTA : .DDS DEG 
ALrHA·HlN 9. DEG ALPHA•HAX : JD. DCI 

.. --- -·------··M-LOV : 10. -K" . H-HlOH :fJQO. KM -----------
................................................ ¥••·········· -----· ---· .. ··-·· ---·--------------

r U N C T l 0 N S - U S C D 
_____ .ll!_~·~~!.9!~-~~.!•_e_.•_!_!.•.••!.~·~!! -- --------------------·-·----"" -

U : 1.0 - o.1D • PSI 

-·-··----"-'"1 
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·-·--···!!'!!•_!•••• ----
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---------------• --·------- n. __________ ,.-n 
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-·· ----------·-··· ---- _______ . ______ _ 
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RADIUS OF THE EARTH :63700 KM 
DCL-111..PHA : 3o DEO DEL-THETA : oDOS DEO 
ALrHA-"IN : '· DCO ALPH•-"•x : 30. DCG 
H-LOV = 70. KH H-KIGH =•oo. KM 

••.•.......... , ............................... , .......•...• 
F U N C T I 0 N S - U S E D ........................... 

U : 1.0 - OtlO • PSI 
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OUTPUT ........... ,----·-------·-·---· ----·-----···------· --

··--·----------__ALPHA IOEGI .ELECTRONS 'IE-lUM .. 21 

1 '· ,55 
·-· -----·-- z 12. ·•2 J ·------·-·1s. .11 

-- 1-8--c- 1.ts---- --------- s _________ 21. __ . ______________ 1.u 
' 2•· 2.01 ·---------------------
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. - --·---·,-: 1~D --· SINUO•O"EOA~-C•DCL TAI -----· ·---------- --···-·· _ ... 
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1 '· , ... 
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··············································~············ I N I' U T ----........ .. 
---------.ADius· 0,-·rHE -EARJ~ 

Dtl·ALPHA : 3. DEG 
ALrHA•HIN : 9. DCG 

:'J70 .. -K" -·--·- --·- -·--· 
DCL·THCTA : .DDS DCC 
ALPHA•HAX : JD. DCO 

-----------
··-·-. ---------- H-LOV : 70. K" . H-HICH =•oo. KH -··----------------

···!"········ ... ·······~················· ....... ··············-----.. ·---------- . 
F U N C T I 0 N S • U S C D 

- --------------- _____ ._•!•.•••_!!~!·•••!.•.·.~.!······· 
U : 1.0 • DelO • PSI 

··------- y = 1.0 

__________ W_IHl HZ HJ HHl HHZ HHl A 
10.···-,5.· 21Q. 120. 215. 

0

305. ·1.g Cl_ ---- --· ---- .. 6.D ........................................................... 
OUTPUT •.•.•...... 

··--·---------· -------·-

ALPHA I DCG I 

1 '· __________ 2 -------- 12. 
l 15. 
• 18. 

. 5 21. 
·-------- S- Z-'-s-

ELECTRONS IC-17,H••ZI 

.56 .,. 
1.5. 
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l.1s---
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···- ----~----:----------:::------------ ::~:-----------·---------
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-----------g------·---- !::------- -----~:~~. 
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······················································~···· 

elZCD•OZ• 
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-- ·-----·--·RADIUS OF THC C.RTH :010; K". -------
DEL-ALPHA = J. DEG DEL-THETA = .aos DEG 

--··-·--------~~~~~-~I~D= .:· DEG ~~~~~~"::o~.J~~ DEG .. -·--·---·····-----·-........ ... ........ .. ...... ....... .. .. ... .... .... .. ........ -------·- -- - - ~--------------·--

F U N C l l 0 N S - U S [ D ................ ········· ... --------------· - . ... ·----------·-------- .--:_---

U : 1.D - Do10 • PSI 

··---,-: loO - SJIH1D•OH[OA•ZO•DCLTAI 

V IHl HZ HJ HHl HHZ HHJ A B Cl 
-· - ·-----··10. ~. 210. lZD. 215. l05o lo& ••O 6 .o 

•••• ~ •.•.••••••..... ~······················~··········~~!•• .... 
0 U T P U T ........... --- . ·--

ALPHA IDCOI ELECTRONS ~C-ll/H••ZI 

9. oZ9 
z u. .11 

· ···· ··-· -·· -----..l-----·----1s_-----·-- .n · ·1-·--------
• 11. -~~ 

·------- ... s ··---·--···· ..... 21 •. _ ----------·· .n 
' Z•• .n ---- ----------·-· - -·-------- ---
1 21. 1.12 

·--·---------··--·---- 27··----------- J,'9 t Z•· J,JI ---------------~· 
10 21. •.1s 
11 ··--------- u. _______________ s.o' --- -·--·- --· . 
12 1s. ,,11 
13 120 loll . ______________ 1' __________ 9 , -~----- a.u _________________ _ 

..............................•....... , ...•.......••..•..•. 
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_"!'--· -----------------------------------------------·------------------
• - -- - -· ---·-·---------- ----------------------- ------------·-·- ·-
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-----:-----
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---------,-. ---llADl<IS "or"THE EARTH-=637D;·-KM- ----------------
DU-ALPHA : J. OED OEL-'THETA : oDD5 OED .··. 
ALPHA•MIN : 9o DCG ALPHA•MAX : 300 DCG 

. - ----- ---- ·H-LOW : 70. K" H-HIGH =-ao. K" ·-- ,.. ______ _ 

·------~··-~ !'.·.~ •.••• ....... ! ••••••• •! ............................ '! ~·· ------

, U H C T I 0 H S - U S C D 
••••••!!!•••···~··········· 

U : loD - 0.10 • PSI 

·-- -------·---y-·:·i~a·:.: SINClSiOHECA•ZD•i>ELTU 
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OUTPUT •...•••.... - ..... --· ---------------- ... --
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10 21, &,7, 
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