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ABSTRACT

The LOGACS (LOw-G Accelerometer Calibration System) experiment,
which contained a miniature electrostatic accelerometer (MESA), was placed
in a low-altitude polar orbit on 22 May 1967. The experiment provided
approximately 100 hr of acceleration data from which the accelerometer
scale factor, accelerometer null bias, and atmospheric drag on the satellite
were calculated,

Many reports were written during 1967 and 1968 on the LOGACS
experiment and on the analyses that were performed on the data, These
reports have been combined into this document, which will be the definitive
report on the LOGACS experiment by The Aerospac: Corporation,

The mission description, the characteristics of the accclerometer,
the instrumentation used in the experiment, and a summary of the results of
the inflight accelerometer calibration are presented in Voluine I. The accel-
erometer's sensing environment is discussed, as arc the data reduction
methods used to extract the scale factor and bias of the accelerometer and
the methods of determining the acceleration due to aerodynamic drag.

Volume II contains data plots of the reduced accelerometer time
histories and of the deduced atmospheric densities over the flight. Peculi-
arities of the density data are examined in some detail and extensive com-
parisons of the data to various model atmospheres are made, These anal-
yses are the more interesting because of the intense solar and geomagnetic
activity during the latter part of the LOGACS flight, which enormously
affected the atmosphere,

Models of atmcspheric density have been developed over the altitudes
for which LOGACS data were available. Both midlatitude models and polar
and auroral models are formulated and presented.

An analysis was also performed on the LOGACS data to determine

the wind magnitude and characteristics normal to the orbit plane of the



experiment. The results confirm that the earth's atmosphere (up to the
altitude of 100 nmi) rotates with the earth and find that high-velocity winds
are present in high-latitude regions as a result of the great magnetic storm.
An analysis of these wind data shows they can be described as convective

mction due to excessive heating of the polar thermosphere.
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SECTION 1

UPPER ATMOSPHERE DENSITY DETERMINATION FROM LOGACS

A, THE ORBIT

I8 ORBITAL PARAMETERS

The LOGACS experiment was placed into a nearly polar orbit on an

Atlas-Agena vehicle from the Western Test Range at approximately 1830 GMT

on 22 May 1967, The perigee altitude was 80 nmi initially, apogee was

193 nmi, and the orbital period was very nearly 90 min, resulting in about

16 orbital revs. per day. During the eighteenth rev. one day later, two

small solid propellant rockets on the Agena were fired near perigee and

the orbit was adjusted such that its apogee altitude was raised to about

218 nmi to increase the orbital lifetime,.

The orbital parameters for

LOGACS at injection and after the orbit adjustment are summarized in

Table 1.
Table 1. Orbital Parameters for LOGACS
— After Orbit Adjust
fnySetion at Rev, 18.4

Date 22 May 1967 23 May 1967

Time 1839 GMT 2124 GMT
Perigee Altitude hp 80,0 nmi 79, 4 nmi
Apogee Altitude hy 193,0 nmi 217. 8 nmi
Inclination i 91,5° 91, 5°
Eccentricity e 0,015 0.018
Period P 89.4 min 89. 8 min
Longitude of Asc Node ép 43,3° N 40, 7°N
Argument Perigee wp 136, 7° 139, 3°

1-1




During the course of the flight, due to atmospheric drag and
gravitational anomalies, apogee and perigee decayed to about 160 and 76 nmi,
respectively, and the latitude of perigee moved northward from about 41° N

to 59° N as shown in Fig, 1,
2, TRACKING AND ORBIT DETERMINATION

The LOGACS vehicle, which had an S-band transponder on board,
was tracked by the pulse radar network of the U, S, Air Force Satellite Con-
trol Facility, Approximately eight tracking passes per day were obtained
and the orbit was determined from the data by two independent programs
(Refs, 1 and 2),

The quantity (and quality) of the tracking data used permitted solu-
tion of an ephemeris which was, in most instances, within 450 ft rms of the
radar range observations, This degree of accuracy, of course, is more
than adequate for effective merging of the ephemeris with the accelerations
measured by LOGACS.

Any ephemeris determined from tracking data, however, is always
more accurate in the vicinity of the tracking stations and less accurate at
points far removed from tracking stations, In this case, it is felt that an
accuracy of 2500 ft was achieved corresponding to regions in the southern
hemisphere where there was no tracking coverage, and, in a few instances
in the northern hemisphere when the spacecraft was adequately tracked but
the data were of poor quality, For the atmosphere density data presented

herein, the accuracy limitations imposed by the ephemeris are not significant,

B. AERODYNAMIC COEFFICIENTS

To deduce density values from the LOGACS acceleration measure-
ments, a detailed study of the acrodynamic coefficients of the Agena was
performed (Ref, 3), The coefficients were obtained, in the free molecule
flow regime, from the analysis of Sentman (Ref, 4), using molecular speed
ratios determined from the Jacchia 1965 model atmosphere (Ref. 5) modified

by Bruce (Ref. 6).
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For purposes of computing the aerodynamic coefficients, the Agena
configuration geometry shown in Fig, 2 was used, The frontal section was
assumed to be a flat plate, whereas in actuality it is composed of a number
of instrument components having shapes like spheres, boxes, an open section,
and some truss members, The assumption that this surface is flat instead of
being composed of complex concavities is not considered to significantly
affect the estimate of the overall drag coefficient (Ref, 7). The aft portion
of the Agena, in the region of the structural elements near the rocket nozzle,
was assumed to be a closed cylinder for aerodynamic purposes, The surface
of the Agena is considered to be rough on the molecular scale; therefore,
diffuse molecular reflection was assumed,

In Fig, 3 the drag coefficient at zero angle of attack is shown for a
representative value of exospheric temperature to illustrate its variation
with altitude, Free molecule flow is prevalent above 75 nmi, Similar
curves exist for other values of exospheric temperature and angle of attack,
During the LOGACS flight the vehicle angle of attack ranged between about
+2°, This resulted in no appreciable effect on drag coefficient variation,
although the variation in exospheric temperature and a'titude which occurred
during the flight did affect the drag coefficient by a measurable amount,
However, to avoid any possible confusion in the interpretation of the density
data contained in this report, a constant value of the drag coefficient (equal
to 2.6) has been purposely adopted throughout, This corresponds to a
ballistic coefficient CDA/W cqual to 0,0265 ftz/lb. For the density data
contained in this report, the cffect of not accounting for a variable Ch is
considered to fall within the uncertainty associated with the CD itself, which,

under the assumption of diffuse reflection, amounts to about +10 percent,

C. SOLAR ACTIVITY

During the latter part of the LOGACS flight the atmosphere was
strongly perturbed by extreme solar activity, The accelerometer measure-
ments that paralleled the several solar phenomena have revealed enormous

variations in atmosphere density never before observed.
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Two commonly used indices of solar activity are shown in Fig, 4
for the period of the LOGACS experiment, Geomagnetic activity, as shown
by the planetary range index Kp, was fairly quiet for the first 40 revs. of
the satellite. At about Rev. 42 a great geomagnetic storm commenced, and
near the end of 25 May the Kp index reached its maximum value of 9 for two
successive 3-hr reporting periods -- a similar event having occurred only
once before in the last 30 years, The great storm, which was accompanied
by auroral activity as far south as New Mexico, resulted from two class 2B
flares and one class 3B flare on 23 May, during which time solar X rays were
also detected, The 10, 7-cm flux, usually associated with solar EUV,
increased rapidly during this period from 170 (W/mZ/Hz X 10_22) to 220,
These levels were also well above the average value of 144 which prevailed
over the previous 90 days,

Solar protons with energies of 0,5 to 2 MeV were detected frequently
during this period, with intensities two to six times the normal background
level, On 25 May at 1335 GMT, an extremely intense proton shower nearly
20 times higher than the normal level was recorded, At 1600 GMT, the
protons began to fall off and within 0,5 hr had reduced by a factor of 5 from
the peak level,

Various types of ionospheric disturbances were also prevalent during
the entire period of the LOGACS flight,

D, ATMOSPHERE DENSITY DATA

The atmosphere density data contained herein have been obtained
from hand-reduced drag acceleration measurements from several selected
orbital revs, which span the LOGACS flight, The drag measurements were
obtained directly from the Bell MESA accelerometer data during the fixed
modes of operation. In the rotating modes, the drag data were obtained by
linear interpolation with time of the acceleration measured at each instant
the accelerometer was pointing along the drag vector,

Appendix A contains plots of the drag accelerations, while Appendix B
contains plots of computer reduced densities, Section II of this volume deals

with some analyses of these computer-reduced densities,
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The drag acceleration values are considered to be accurate to less
than 1 percent based upon the stable performance of the Bell MESA accelerom-
eter which was demonstrated throughout the experiment, The density values
deduced from the acceleration measurements are considered accurate to
wichin 10 percent, due primarily to the uncertainty associated with the drag
coefficient,

Variation of the density data with altitude, latitude, and time is
shown, and a number of interesting comparisons are presented,

1, ATMOSPHERE DENSITY BETWEEN 75 AND 120 NMI BEFORE
GREAT MAGNETIC STORM

Atmosphere density values obtained from satellite Revs, 26, 27, 28,
and 31 have been selected to illustrate conditions prior to the great magnetic
storm, These revolutions occurred during 24 May 1967 (see Fig. 4), when
the K_level was less than 4, These revs, are also particularly interesting
because they pass through the high latitude atmosphere density bulge found
and later modeled by Jacobs (Refs. 8 and 9). The size and location of this
density bulge is shown in Fig. 5 together with the groind traces of the
LOGACS satellite for Revs. 26, 27, 28, 31, Note that the points of mini-
mum altitude of the orbit are near the vicinity of the bulge and that Rev., 28
passes directly through the center, and most dense part, of the distribution.

The LOGACS densities versus altitude obtained during these revs.
are shown in Figs. 6, 7, and 8, As indicated, the solid circles represent
data obtained as the satellite was approaching perigee and the open circles
the data leaving perigee. For the most part, the data are shown at 1-min
intervals, although some gaps exist. During the 'toward-perigee' por-
tion of the trace, the satellite was moving through the high latitudes of
the northern hemisphere, and going south. For the '"away-from-perigee"
portion, the satellite was in the midlatitudes and approaching the equator,
This is the situation for all the data presented in this report. Therefore, for
every case, the toward-perigee data represent high latitude measurements

and the away-from-perigee data represent mid and equatorial latitudes.
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Upon close comparison of the data from Révs. 26, 27, and 28,
little evidence can be found to support the existence of the high latitude
density bulge modeled by Jacobs, If it did exist at this location, the densities
obtained toward perigee in Rev, 28 would be significantly higher (~30 percent)
than those obtained in Rev. 27, which in turn would be higher than the
density toward perigee in Rev, 26. This is not the case,

It cannot be concluded, however, that such a bulge does not exist at
some other location on the earth or under different conditions of solar
activity, Nor can it be concluded, as did Jacchia and Slowey (Ref, 10), that
the bulge-attributed phenomena are entirely of nonatmospheric origin, as
will be evident shortly, In fact, in the light of unpublished density data
recently obtained from satellite tracking data, Jacobs now contends that
there is clearly a bulge due to atmospheric causes but that it sporadically
changes position froni time to time or even disappears completely (Ref, 11),

Figure 9 shows the LOGACS density data for Rev, 31, which passes
over the north magnetic dip pole, The Rev, 31 data, contrary to the earlier
data, do suggest increased density at the high latitudes, This is best
illustrated by comparison of Figs, 10 to 13, which show normalized density
for these revs, versus latitude. The normalization eliminates the dominant
altitude variation and was accomplished by dividing the LOGACS density
values by the reference density model shown in Fig. 14 (Refs, 5 and 6).
Note, in particular, that the density between 50°N and 70°N during Rev. 31
is 20 percent greater than the earlier revs., which clearly indicates the
possibility of a bulge over the region of the magnetic dip pole even during
conditions of quict geomagnetic activity.

Further analysis of the data in the region of the dip pole may provide
better definition of this effect,

It is also evident in Figs, 10, 11, and 13 that there is a systematic
increase in density in the region of the sub-solar point at about 10°N to
20° N latitude, This is very likely a diurnal bulge effect, in part, since the

orbital plane was about 26° west of the noon meridian,
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2. ATMOSPHERE DENSITY BETWEEN 75 AND 120 NMI
DURING GREAT MAGNETIC STORM

To illustrate conditions in the atmosphere during the great magnetic
storm, density values obtained from satellite Revs., 46, 47, 48, and 57 were
selected. The ground traces for these revs., are shown in Fig. 15.

The density data exhibit enormous variations in response to the
extreme solar and geomagnetic activity that was prevalent on 25 and 26 May
(see Fig. 4) as shown in Figs. 16 to 21. In general, the toward-perigee (high
latitude) data are more oscillatory than the away-from-perigee (low latitude)
data, although regular patterns exist, Density variations of 50 percent at
the same altitude, but different latitudes, which occur within the same rev.,
are not uncommon, as shown in Fig. 16. In Rev, 47, Fig. 17, a 50 percent
spatial change in density is seen to occur at 81 nmi (150 km). A regular pat-
tern of behavior, not evident in Fig. 17, is clearly seen when the same data
are separated as shown in Figs, 18 and 19,

Rev. 48 data, shown in Fig. 20, indicate the same tendency for
density to begin decreasing with decreasing height at about 85 nmi as was
evident in Rev, 47,

Rev. 57 data, shown in Fig, 21, have been included to show a fac-
tor of 2 increase in density which was measured near 79 nmi at two points over
the earth separated by only 4° along the orbital path.

The density values for these revs., normalized and plotted versus
latitude in Figs. 22 to 25, clearly reveal the large fluctuating spatial and
temporal behavior that was characteristic during the storm.

In Fig, 22, during Rev, 46, an immense two-pronged high latitude
bulge almost 70 percent greater than the reference density was measured,
The diurnal bulge, although small in comparison, was still evident between
10° N and 20° N, By Rev, 47, 1,5 hr later, shown in Fig, 23, the high
latitude bulge, still two-pronged, had diminished somewhat, but the ""diurnal"
bulge increased (the quotes signifying that this effect may have been influenced
by other phenomena, e.g., the equatorial electrojet, Refs, 12 and 13),
Finally, by Rev, 48, Fig, 24, the high latitude bulge had essentially
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