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ABSTRACT

This paper gives the results of the determination of the

? coefficients associated with the three odd degree harmonics of the
geopotential of order thirteen. The opportunity to refine the values
ia of these coefficients was made possible with the launching of the
GEOS-IT (1968 02A) satellite.
1 A brief description of the method used i1s also included in
: {f addition to references where more detailed information can be
% found.
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INTRODUCTION

On January 11, 1968 satellite 1968 024 (GEOS-II) wes launched into &
retrograde orbit., A preliminsry analysis of the orbital characteristics
of GEOS-II revealed that 1t was in & near resonant orbit with respect to
the geopotential harmonics of order m = 13. From an earlier analysisc
of the doppler datae from satellites 1962 Pu, end 1965 65A [Yionoulls, 1966]
values for the harmonic coefficilents of degree and order (n,m) = (13,13)
and (15,13) were determined. For processing the 1968 02A doppler data,
these values did not adequately account for the effects of the 13th order
harmonics of the geopotential. Since the orbital characteristics of these
three satellites are significantly different it was possible to use the
combined information from all three to more accurately represent the effects
of the 13th order harmonics. Coefficients associated with the (13,13),
(15,13) and (17,13) harmonics were determined from an analysis of station
along track residuals generated by OIP (Orbital Improvement Program).

The geopotential expansion used is gilven by

© n e
~ I (sing)
_ I_{: o 7. m m ..
ot T3 Y g o s
]_"_1".:2> =0

where

r,p,\ are the geocentric radius, latitude and longitude of the satellite

AG = right ascension of Greenwich relative to Aries
K = gravitational constant (398601.5 Km.3/sec2
m ' m/2 .m
- n-m) s 2 d
n (x) = = 1 (1-x% 5;5 Pn(x)
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¥ = gin g
Cﬁ, Sg = coefficlents of the partially normalized assoclated Lependre
polynomials of degree n and order m (Hﬁ)b
ANALYSIS

In order to generate the error residuals used to determine the resonant
coefficients doppler data obtained from the U. S. Navy Satellite Trazking
System, TRANET, [Newton, 1963) is first processed by the OIP programs
[Guier, 1967]. Given a group of doppler passes from tracking stations
covering a speciflic time span these computer prcograms determine, via a
least squares fit to the experimental doppler data, a "best" orbit for this
time span. This orbit is a set of initial conditions for the equations of
motion of a satellite and is epoched at the beginning of the time span
encompassing the data. A numerical integration scheme is incorporated in
the programs to integrate the eguations of motion of the satellite., The
forces modeled, in addition to those derived from the geopotential model,
include the effects of solar radiation pressure, atmospheric drag and the
Sun and Moon gravita@?onal forces.

Using this "best" orbit a final analysis ls performed on each in-
dividual doppler pass within the given time span. The objective here 1is to
express the remaining differences between the theoretical and experimental
doppler shifts into a form suitable for further analysis. This is accom-

plished by determining new tracking station positions via a least squares



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
BILVER SPRING MARYLAND

fit to these doppler reciduals. These "navigeted" statlon positions are
‘ compared with the current best estimate of *he gtatlon's true positlon and
i the differences are glven in a coordinate system defined ot the time of
clogsest approach of the satellite to the station. One component of the
l error (ECR) is given along the slant range vector between the station

and setellite., A second component (ECA) is in the direction of the slant

renge veloelty vector as defined at tlme of closest approach of the satellite
to the station,

Guier [1963] showed analytically how these station position errors are
related to the satellite position errors. In his analysis the satellite

position errors are defined in a coordinate system moving in inertilel space

z-‘ - § M : MW

with its origin located at the instantaneous satellite pogitlon as defined

by the theoretical model, The three component directions are speclfiled as

‘\.M,“
A4 B

follows:

1) H, the altitude error, is defined along the radius vector from the

z

center of mass of the earth to the satellite,

a‘ - ”"

2) €, the crosgs-track error, is defined in the direction of the

negative instantaneous angular momentum vector,

!W %

3) L, the along-track error direction,is defined by a vector lying

in the orbital plane and perpendicular to the satellite radius

!« 4“}

vector.
Guier also showed that the station ECA residuals absorbed mainly the
satellite along-track errors. This fact is particularly advantageous for
studying the near-resonance effects on the satellite's motion as will

become clear from the following discussion.
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Guier derived a get of differential equations in the IH-C-L coordinate
gystem whose solutlons yleld the time dependence of' the satelllte position
errors due to errors in the geopotentlial model., A complete discussien of
these equations and their solutions is given in Yionoulis [1965). In this
paper it is sghown that when a satellite ils in & nsar-resonant orbit with

the harmonics of a given order of the geopotential, this results in a long

period oscillation in the satellite along~track direction whose amplitude
1s greatly magnified. This amplification in the along~track component lis
greater than that which occurs in the altitude component. Also the effects

of the geopotential harmonic can be accurately represented by using only

ey

those terms whose frequency yilelds the resonant period. BSince thils frequency

€

will be the same for all harmonice with the seme parity in degree (n = m)
for the given order (m), separation of these harmonics must be accomplished
through the dependence of theilr :influence coefficients mainly on the orbital

inelination. This necessitates the use of data from satellites with signi-

PRI S

flcantly different orbital inclinations.
The procedure used for separating the harmonic coefficients was as

follows, TFor each satellite orbit in near-resonance with the same harmonics

Ly

of a given order, a data span was selected approximately equal to 1 1/2 times

Lt

¥

the regonant period. The ECA residuals were generated using the OIP computer

programs as discussed earlier. TFrom an analysis of these residuals an

eas——

amplitude and phase was determined for the resonant oscillation contained
in each arc. From the analytic expressions for the satellite along-track
i effects contained in Yionoulis [1965] the desired relationship between the
harmonic coefficients were computed for each satellite gpan.

In Table 1 the orbital characteristics of three satellites usged in the

¥
%
L
2‘
%
l’:‘\:
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TABIE 1. Orhitel Characteristice of Satellites
Used in Determination of 13th Order
Harmonice Coefficlents of the Geopotential

————

§ Satellite No.  Semi-major Inclinabion  Hecentricity T (deys)
| Axis & i (deg.) e |
1
o ; W .
v 1962 Pry 1177 (Ro) 50. 127 . 006k 6
T 1965 65A 1,179 90. 024 0061 I
.
k¢
_— 1968 024 1.208 105.803 . 0327 6
g *R, = 6378.166 Km.
'% * TR = [Theoretical estimate of resonant period due to 13th order harmonic
2
f
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anslysis, cie given. The geopotential harmonies of order m = 13 and odd

degree n 2 13, are the major contributors to the long period resonaent

B PO

oseillations in the ECA residuals, This pericd, in days, is also taiu-
lated for esch satellite,

It should be noted at ‘this point that the even degree harmonice of
order 13 also contain terms with periods very close to the resonant period.

However, these terms are a factor of eccentricity down from those generated

-l

by the odd degree harmonics. Since the eccentricities of the satellite
orbits used are quite small, it was felt that thelr contributions could be
ignored. I also arbitrarily chose to absor®b the 13th order resonant effects

with the coefficlents of the three lowest degree harmoniecs which produced

R T

this effect, To solve for the coefficilents we generated two sets of three

simultaneous equations, one for the Cg coefficients and one set for Sg '

"
% They are arranged in order of ilcreasing inclinations., The equations have
; been normelized by the influence coefficient agsociated with the (13,13)
b harmonic.
13 13 13 -6
i 013 - 4,140 clb + 5,722 017 = 1.066 x 10
¥ 13 , 13, . 13 . -6
; (1) < 013 + 0,394 015 + 1,508 017 = -0,519 x 10
¥ 4
. | -
| \cig - 1.059 c::g - 1.632 cig - -0.248 x 107°
¢ 13 13 13 -6
E 813 - 4,140 815 + 5,722 317 = 1,562 x 10
13 13 13 . -6
(2) ¢ 833 * 0.39k 873 + 1.508 877 = 0,508 x 10
13 13 13 -6
[ 813 = 1.059 87 - 1.632 ST 0.428 x 10
-8 -
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Salutions to the above equations yleld the following values.

cig = -.u801 x 107° sig = hes2 x 1070

cig = -.3007 x 10°° sig = -.1459 % 1070

ci? = o527 x 1078 si% -~ .0931 x 1070
CONCLUSIONS

The metnod described in this paper for analyzing residuals obtained
from resonent satelllite orbits has been successful in accounting for the
effects of the resonant geopotential harmonics. It is recognized, however,
that this method does not fully utiliz all the information that is avall-
able for analysils. Therefore, alternate methods are being investigated

which hopefully will result in more accurate determinations.
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