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Predicted Solar Cycle Twenty-two

10.7 cm Flux and Satellite Orbit
Decay’

W. Kent Tobiska,? Robert D. Culp,® and Charles A. Barth*

Abstract

This study develops an empirical model of the 10.7 cm solar flux (Fy,4) through solar cycle
twenty-two as it relates to the problem of a low-Earth orbiting satellite and its orbit decay. A
comparison between the predicted orbit decay using the model and the first thirty-seven months
of actual altitude of the Solar Mesosphere Explorer (SME) satellite is conducted. The predicted
orbit semimajor axis is solved as a function of atmospheric density using a modified Jacchia
1971 atmospheric model (J71). J71 densities vary based on the empirically modeled Fi,, of
solar cycle twenty-two. The derivation of the orbit radius, r, related to atmospheric mass den-
sity, p, is outlined, as are the simplifications made in this study for atmospheric density model-
ing. The F\o7 model for solar cycle twenty-two is then detailed with a comparison to one other
model. Finally, the results of the predicted SME orbit decay are evaluated against the actual
orbit decay.

Introduction

SME is a NASA Explorer series satellite operated by the Laboratory for Atmo-
spheric and Space Physics (LASP) at the University of Colorado (CU) in Boulder.
The primary scientific mission of SME is to provide a comprehensive study of meso-
spheric ozone creation and depletion [1}. SME was launched from the Western Test
Range into a polar, Sun-synchronous three pm ascending node orbit on October 6,
1981. The nearly circular orbit had an initial eccentricity of 0.0032 with an altitude
near 540 km. The 97.5 degree inclination allows for orbit precession of approximately
one degree per day. Science and engineering data is received daily at the Project Op-
erations Control Center located at CU. This site houses the SME mission control,
mission planning, and data analysis teams.
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TABLE 2. Satellite Perturbations for Orbits Below 600 km®

Secular Periodic
Perturbing Source large small moderate small
Earth Grav. Field 0,0 — & i,
Atmosphere a, e i — Q0
Lunar-Solar — —_ — a, e i,

From King-Hele [21].

King-Hele’s analysis of satellite perturbations. While the Earth gravitational field will
secularly perturb the ascending node, ), and the argument of periapsis, o, these
variables are not used in determining the radius, r, as a function of density in this
study. Secular changes in eccentricity, €, and inclination, i, from atmospheric pertur-
bations become very small when £ = 0 and for an i such as SME’s. Only the large,
secular perturbation of the semimajor axis, a, by the atmosphere is considered in
this study.

SME Orbit Model

Radius as a Function of Density
Aerodynamic drag is described as
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where C, is the drag coefficient, A is the satellite area, p is the atmospheric density,
and v is the satellite velocity relative to the atmosphere. It can be shown that, assum-
ing a circular orbit where a = r, the work done by the atmosphere on a satellite af-
fects the rate change of its orbit radius, r, and can be written as
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where p is the Earth’s gravitational constant and 2 is the satellite mass. By substitut-
ing the time derivative of the orbit period, the radius as a function of density is
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Using a constant time interval, df, this equation can be readily integrated on the com-
puter, solving for the altitude as a function of a modeled atmospheric density.
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Atmospheric Density Modeling

Accepting atmosphere modeling [23] describes the density equation of a jth con-
stituent, based on the Ideal Gas Law of p = nkT and gravity, g(z), as a function of
altitude, z. The barometric law is derived from the hydrostatic equation and may be



