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Two mass speclrometer experiments were included among the instruments on a recently
launched US Air Yorce research satellite. The satellite was designed to study the density, com-
position and heating sources in the thermosphere. Measurements were performed during a
geomagnetic storm of moderate intensity. Results show the N, density was enhanced by a
factor of two, Ar by a factor of ten, and O is unchanged or slightly lowered near the 150 km
region. At higher altitudes near 400 km, the O and N, concentrations are both increased.
These results substantiate the carlier measurements of this laboratory and recent results of
other groups.

During the period of 8—12 November 1974, a sudden commencement and the early develop-
ment of a geomagnetic storm were studied. The larger effccts of the sudden commencement
of 8 November were delayed by about one day. The effects of the geomagnetic storm of 11 No-
vember followed the time history of Kp at low altitudes in the auroral region with a delay
of about 6 hours at mid-latitudes. The largest changes in the neutral atmosphere occurred in
the auroral region between 65° and 80° geomagnetic latitude.

1. Introduction

A recently launched US Air Force rescarch satellite was instrumented to per-
form measurements of atmospheric density and composition as well as measure-
ments of some of those parameters associated with heating processes in the atmos-
phere. The satcllite has a perigee near 150 ki to study the low altitudes and a
high apogee to allow a 6—9 month lifetime. The satellite is programmed by ground
commands to turn on the experiments and record data below 500 km. The cxperi-
ment complemet includes accelerometers, density ganges, mass spectrometers,
and measurements of ion density and temperature, energetic electrons and solar
nltraviolet radiation. The first results of the mass spectrometer measurements will
be discussed in this paper.

The satellite is spin stabilized at 5 rev min—! and the spin vector is maintained
normal to the orbit plane by magnctic torqueing control. The mass spectro-
meters and other density measuring instruments are mounted perpendicular to
the spin axis so that they sample along the dircetion of motion once each spin

period.
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2. Experiment Description

Two mass spectrometer experiments were included on the sutellite. The first
uses an enclosed ion source of the type previously used on the CV3-6 satellite [1]
and the OV 1-15 satellite [2]. The atmosphere is sampled through a thin orifice
and passes thirough a spherical therinal accommodation chamber before entering
the ion source. The incoming gas is ionized by 40eV electrons und detected by a
secondary emission multiplicr after passing through the quadrupole field. The
source density is monitored by a hot filament density gauge techuique to allow
for any change in multiplier gain. The configuration and calibration of this
instrument allow high accuracy measurements to be made. A complete error
analysis has not yet been performed but the stability and linearity over the
range of operating conditions is better than 5% for denzities > 10% cm—3
and the densities are expected to be accurate to within 415%;. Fig. 1 shows a
sample spectrum of the data from the instrument for an early orbit near perigee.
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Fig. 1. A sample mass spectrum is displayed along with a monitor of the rf voltage which is

proportional to mass number. The 14 and 16 amu peaks are dissociative products of Ny and

0, respectively, 18 is H,0 background, 34 is 10180, 40 is Ar and 44 is CO,. The spectrum is
produced front a computer plot of the raw telemetry voliages.

The second instrument is a combination of the Velocity Mass Spectrometer,
[3] which was first successfully demonstrated on the OV 1-21 satellite, and an rf
quadrupole mass spectrometer. This instrument has the advantage that those
species which collide with surfaces or degas from the surfaces can be separated
from atoms or molecules of direct atmospheric origin. The ion source produces
ions which have essentially the same energy as the neutral gas possessed due to
the relative motion of the satellite. A similar technique has recently been used
successfully by Nier et al. {4]. The ions are formed by a sheet ¢ electrons focused
across a low field region and either energy analyzed or drawn directly into the
instrument. The instrument performed well and the results will be forthconting.
Here attention will be concentrated on observations of the first mass spectrometer
mentioned.
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3. Analysis and Results

The enrrents associated with the mass peaks. ax shown in Fig, are eorreeted
to zero angle of attack nsing a well defined sampling Tunction [3]. Since the in-
coming gas makes an average of 100 collisions in the sphere hefore entering the
ion =onree, the speeies are thermally acecommodated and the Taboratory eatibration
= quite valid Mass diserimination of about 57, was deteeted duving the eali-

hration and this was taken nto account in the analvsis. The N, and Ar signals are
readily converted to nnmber densities. The atomic oxyvgen density is determined
from the 32 and Hoanm measnrements. AMomic oxveen entering the instrument
= recombined into maindy O, with some forming 0, particalarly doring the
carly lifetime. A calenintion of the fTux of the atomic oxygen which wonld provide
the measured Qy and £, xignals Teads 1o a valne of the atomic oxveen density.
The signal that would he due to atmospheric moleenlar oxveen. ealenlated from
the measured Ny densitve i removed. This correction s only significant near
perizee. The 30 amu sional i treated as if it were o measnrement of atmospherie
N. There has heen same justified reluctance to eall A measured 30 e signal NO
for a namber of reasons [ 160 7] However, hecause of the fact that examination
of the data does not reveal suspicious correlations hetween the 30 amu hehavior
and measurements of other species and beeause the measured values seem reason-
able compared with our present knowledge S - U], the 30 amuesignal is identified
ax N. The identification is further jostificd by the seale height and hecanse of the
atomic oxyvegen remaining adsorhed in the accomodation spheve which isavailable
to react with incomivg N. The amount of NO generated by the ion souree is low
heeanse of the small amount of dissociatively ionized speeies and should amount
to no more than ob=erved with Ny and O, samples in laboratory calibration.
A mechanizm that conld he of significanee wonld be chemieal reactions taking place
on surfaces of the aceommaodatiotsphere. The identification should <l he viewed
with some caution bt at least it provides an upper limito on the siom of the N
and NO densitios.

The results Trom the measnrements obtaied on two orbifs are shown in Figs,
2 and D0 Oebit 59 shows data which are typical of the several davs of quict geo-
magnetic conditions that existed prior to the <torn swhich hegnn on 8 November 74,
Orhit [0 Ky 6.0 exhibits Targe varvintions from the smooth density profiles
ef the quict period. Near perigee, the Ny density s inerveased by o factor hetween
2and 3 oand (he Ar density inercased hyoa factor of 100 The O and N densities
exhibit some sariable strocture but showed no significant eonhancement at lower
altitudes. The O variation i under some conditions in phase and ather times ont
of phase with the N. variation. The canse of {he phase relation between the O
and N, e difficalt to determine. It conld be associated with several competing
Tactors including rising the turbopause [12] enhanced diffusion from regions of
locatizetl heating, or response to large seale cirendation and conveelion,

The magnitude of the change in Ny and Ar nplies several interesting points,
First_ the onlyv way that such large inereases can ocene at 160 lan is that the region
of maximum heating lies well helow thisaltitude, The region of heat input probably
lies near 120 ki anetin faet. a portion of the heating is probahly near the turbo-
pause region. Second. i the temperatnree profile through the lower thermosphere
remiains at all similar o its normal profile, inereasing the exoxpherie temperature
that defines that profile will not account for the changes observed in the Ny and

o
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Fig. 2. The neutral composition measurements, typical of a quiet geomagnetic period, are
shown for orbit 59, with perigee at 159 kn.

(QZN‘:’ :<:0> +:Al‘, A:N')

Ar at the lower altitudes. Storm effects observed at an altitude of 450 ki by
Taeusch et al. [13] on OGO 6 could be explained by an increase in tlie exospheric
temperature by 400—500°K. Their results and these measurements at high alti-
tudes can be satisfied by a temperature increase alone, but the low altitude data
cannot. The measurements would iniply that a significant change in turbopause.
level occurs during a period of heating. The ESRO 4 results reported by Blum
et al. [14] at 280 kin showed that a combination of temperature increase and
higher turbopause could account for the measurements. The temperature profile
is probably distorted due to localized heating at low altitudes and comparisons
with a static diffusion model may not be valid at lower altitudes in the auroral
zone.

The satellite perigee was in the 65° N region during the period in early November
1974 which included a sudden commencenment on 8 November at 1414 GMT and
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Fig. 3. The neutral composition measurements typical of a disturbed geomagnetib period are
shown for orbit 141, with perigee at 161 km.

(o =N, Xx=0, +=Ar, a =1N)

a geomagnetie storm beginning on 11 November. The time of the orbit was nearly
constant at 1130 LT. Fig. 4 shows an example of the variation of the species den-
gities at 160 km during the period between 8 and 12 November. Large enhance-
ments are seen in the N, and Ar densities while smaller variations are observed
in O and N densitics with often a tendency to decrease when the N, and Ar
densities «re enhanced. The large variations in the N, and Ar densities have been
previously studied using mass spectrometers on several satellites, OV 1-15 [2],
OGO 6 [3], ESRO 4 [15 16], and Cosmos 274 [17]. Even though only 21 of
the 40 orbits during this four day period have been analyzed, several interesting
points can be made. Maximum heating is found to occur in the region of the
auroral oval between 65° and 85° geomagnetic latitude with the largest effects
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between 70° and 75°. From 45 minutes before the sudden commencement through
the build-up of the magnetic storm, wavelike structures in the densities are seen at
high geomagnetic latitudes. 1t is uncertain whether this structure could be asso-
ciated with propagating waves [18], with localized corpuscular heating [19], or
some other source. A general periodicity is observed which is correlated with the
geomagnetic latitude and possibly associated with that reported by Reber and
Hedin [20] for quiet geomagnetic periods. The density increases associated with
the 11 Novewber storm at low altitudes are seen to start with the increase in geo-
magnetic activity and reach a maximum at the same time as the geomagnetic
index. The maximum effects of the 8 November storm are delayed at all altitudes
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Fig. 4. The species densities measared at 160 km for the period 8 —12 November 1974 showing
the effects associated with a sudden commencement on 8 November and a magnetic storm on
11 November. Measurements are near 65° N latitude at 1130 LT

and both higher and lower latitudes by about 24 hours following the sudden
conimencenient or about 12 hours after the peak in the Kp index. The effects of
the 11 November storm which followed the Kp increage at perigee are delayed in
reaching higher altitudes (200—300 km) and mid-latitudes by 6 to 8 hours, in
general agreement with drag analysis [21].

This paper presents some of the results of one storm period from one of three
satellites operating during the latter part of 1974 and during the first half of
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1075, When these data are studied together with the measurements of the
AEROS B [22] and the AE-C {23, 24} satellites, a much better description of
atmospheric disturbances should result.
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