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Introduction We5-3523_ 0

The Explorer XVII aeronomy satellite carried two double-focusing
magnetic mass spectrometers designed (Meadows, 1960, Hall, 1960, Spencer,
1962) to measure the concentrations of the major neutral-particle con-
stituents of the earth's upper atmosphere. The ambient densities of
helium, oxygen, end nitrogen were obtained between north and south latitudes
of 58 degrees and from the perigee altitude of 25T kilometers to an altitude
in excess of TOO kilometers. Data for various local times, altitudes and |
geographic locations have been combined to provide a broader altitude
coverage than experienced at any single location. Data are presented for
helium, atomic oxygen and molecular nitrogen; molecular oxygen and atomic
nitrogen data will be presented and.discussed in a later report, with other

data obtained under more varied conditions.

Experiment

The mass spectrometer measured the number densities of the various
species which were in its ionizing, or sampling, region. Before reaching
this sampling re_gion however, some of the neutral particles underwent
collisions with'various parts of the spectrometer structure; thus the
number measured by the spectrometer was generally.different from the
ambient number dsnsity. The reiationship between the spectrometer measure-

ments and the ambient number densities'vas calculated snd found to be a
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“ function of particle species, satellite velocity, and the angle between the
spectrometer axis and the satellite velocity vector (angle of attack, a ).
Using the latter two quantities obtained from the tracking stations and the
satellite's optical aspect system, calculations have been carried out for
each species and have been used to convert the measured quantities to the

ambient values presented here. The contribution of residual gas has also

been taken into account.

The absolute accuracy of the number density data is + LO percent re-
flecting laboratory vacuum calibration error and the uncertainties in the
ambient qumber density calculations. The relative accuracy of the data
4 obtained for similar angles of attack is @bout 5 percent; for data obtained
under conditions where the angles of attack differ by TO degrees or more,
the relative accuracy is about 30 percent. The mean mass data and the con-
centration ratios are good to *+ 10 percent. Since the relative accuracy of
the number density varies with the angle of attack, a data table is included

which lists this quantity, the local sun time and other pertinent information.

Data

Figure 1 shows the ambient number densities of the major constituents
plotted as a ﬁmci:ion of altitude for a number of different local times and
» "locations. A single satellite interrogation (pass) is indicated by two data

points joined by a straight line for molecular nitrogen and atomic oxygen and

by one point for helium. The Nicolet model (private communication) is included

for reference,



For the tiytes concerned, the number densities of helium and atomic
oxygen are compgrable at about 600 kilometeré, with helium predominant
at higher altitﬁges. Between 300 km and about 600 kilometers, atomic
oxygen is the major constituent, while in the 250 km to 300 km. region,
molecular nitrogen and atomic oxygen have nearly equal concentrations.

There. is, at present, insufficient deytime data to' determine scale
heights for the sunlit atmosphere. However, during the night at higher
altitudes, the concentration gradients are consiétent with the scale heights
for temperatures of T00° fo T50°K.

There appears to be a deviation from nighttime diffusive equilibrium
in the 300-350 km altitude range for N2. This may be indicative of longer
times required for Ny to diffuse at these altitudes; however, as noted above
the data shown are representative of many times and geographic locations
and may not provide an accurate instantaneous vertical distribution. It
is interesting to note that the data corresponding to passes 167, 182 and
183, for which the densities are higher than other nighttime passes, were
obtained shortly after a minor magnetic disturbance which occurred on April

14. All data shown are measured values and are not averaged or smoothed in

© any.way.

Figure 2 shows the variation of mean molecular mass with altitude.
These data were calculated using the measurements of helium, atomic oxygen
and molecular nitrogen only, other measured gases providing a negligible

contribution to the mean mass. However, the presence of hydrogen, which
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the instrument was not designed to measure, would reduce the value of
A .
the mean mass s?mewhat at higher altitudes.

The total ;bss density, shown in Figure 3, was computed by summing
the contributions from molecular nitrogen, atomic oxygen and helium. The
results obtained in this way agree with the densities obtained independently
by the pressure gauge experiments on E;plorer XVII. This agreement lends
support to the calculations relating the concentrations in the sampling
region to the ambient number densities, as the pressure gage kineties have
been studiéd extensively (Horowitz). Also, the total density ﬁeasurements
from the mass spectrometers agree in general within a factor of two with
atmospheric density calculated from satellite drag observations (Bryant,
1964). |
. Figure b shows the variation with altitude of the concentration ratios

of helium to atomic oxygen and atomic oxygen to molecular nitrogen.

lje




YA . e

Mag. Mag.

Pass & Station R Date Local Time o ‘Lat . Long.
#15 BP " L/4/63  21.15 hrs.  6° 50° -6.5°
#50 Col L/6/63  0.65 - 16° 57° -96°
#80 Col - 4/8/63 0.99 9° 56.5° -95°
#80 FIM '4/8/63 . 4.89 63° 28° -2k 5°
#118 BP 4/10/63 18.81 T0° . 46.5° -2.5°
#120 GF L/11/63 20.32 51° 60.5° -37°
#138 BP 4/12/63 2.51 12° Lge =17°
#152 BP 4/13/63 2.01 1k° 50.5° 1.5°
#16T7 BP L4/14/63 1.65 20° 51° R
#182 BP L4/15/63 1.54 25°  L8.5° -10.5°
#183 QUI L/15/63 3.26 23° 16° -10°
#197 BP 4/16/63 1.43 27° L5° -14°
#211 BP L/17/63 0.53 ks© 53° -2.5°
#226 BP . U4/18/63 0.48 53° 50° -5.5°
#241 BP 4/19/63 2k.19 62° Lgo -12°
#243 Moj 4/19/63 0.64 . 54° 37.5° -58°
#254 NFL L4/20/63 22.75 82° 59.5° 21.5°
#270 BP L4/21/63 23.30 80° 52.5° -2.5°
#2771 GF L/21/63 22.88 85° 54,5° = ~.39.5°
#708 NFL 5/20/63 T.18 39° 60° 27°
#795 OOM 5/26/63 15.81 63° -4y -148°
#800 JOB 5/26/63 15.90 65° -36.5° 80°
#888 JOB 6/1/63 13.24 " 33° -27° 88.5°

The local sun time, angle of attack, magnetic latitude and longitude

are averaged over the 4 minute pass. The stations involved are: BP-
Blossom Point, Md.; COL-College, Alaska; FIM - Fort Myers, Fla.; GF -
Grand Forks, Minn.; QUI - Quito, Equador; MOJ - Mojave, Calif.; NFL -
Newfoundland; OOM - Woomera, Australia; JOB - Johannasburg, South Africa.
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Figure 1 = Ambient number densities of the major constituents vs. altitude,

Figure 2 -~

Figure 3 -

Figure 4 -

These data include many local times and geographic locations.
The numbers for each pass refer to the orbit number and are
referenced in Table 1. Nicolet's model for T = TOO°K is
included for reference.

Mean molecular mass vs. altitude. The mean mass was calculated
using the three major constituents measured, N, Oland He.
Nicolet's model is included for reference. Dsy and night passes
are indicated by open and shaded data points.

Total mass density vs. altitude. The total mass density was
calculated using the densities for N,, O and He. The numbers
for each pass refer to the orbit numbers referenced in Table 1.
Nicolet's model is included for reference.

Concentration ratios of the major constituents vs. altitude.

Day and night passes are indicated by open and shaded data points.
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The purpose of this letter is to present the initial atmospheric
densities directly measured by the ionization gauges on the Explorer XVII
satellite. The satellite has been described (Horowitz, 1963) and the gauges
and their response to the atmosphere have also been reported (Newton, Pelz,
Miller, Horowitz@ 1963). The data presented in this letter were obtained
with two types of ionization vacuum gauges, the hot-filament thermionic
type (Bayard-Alpert) and the magnetron type (Redhead). The absolute accuracy
of these data is b;lieved to be * 35 percent and the repeatability is + 20
percent. A more complete discussion of the experiment will be included in
a paper n;w in preparation (Newton, Horowitz, Priester, 1964).

The density data from 47 operations of the satellite in the altitude
range of 255 km to 330 km for local times between 0700 and 2100 hours are
plotted as a function of altitude in Figure 1. These data were recorded by
the five northern mid-latitude minitrack stations:

(1) Blossom Point; Ma.
(2) Grand Forks, Minn.
(3) Majove, California
(4) St. Johns, Newfoundland

(5) Winkfield, England
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At the times the measurements were made, the daily planetary geo-
magnetic index (Ap) was between 0 and SO and the 10.7-cm solar index
(FIO.T) was between 70 and 100 x 1022 y/m2 cps. It is seen from
Figure 1 that there is .considerable variation in the atmospheric density
at a given altitude (that is, greater than a factor of 3 at the altitude
of 280 km) wﬁich is due in part to local time, geomagnetic activity, and
solar activity effects.

To compare the directly measured densities with densities inferred
from satellite drag, it is desirable to reduce the data to geomagnetically
quiet conditions. In this regard, consider Figure 2 which shows 4 log P
the logarithm to the base ten of the ratio of the measured density to the
Harris and Priester model density selected for the appropriate time and
altitude, plotted versus the daily geomagnetic index (Ap), These points
represent 120 density-altitude profiles for altitudes between 255 and 600
km and most local times; the data were recorded over the same five minitrack
stations as the data presented in Figure 1. The darkened symbols represent
an average of two or more passes within one dey and the light symbols
represent one pass. The passes have been individually corrected to an
Fi9.7 of 83 using Roemer's (1963) formula. The semiannual variation of the
atmospheric density has been accounﬁed'for in an approximate ﬁay by decreasing
the model densities by 18 percent for May and June 1963. An "eyeball"
average of the data shows (a) that the relation between A logcf and Ap is
nonlinear with the steepest slope applicable to the smallér A, valies,
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and (b) that thg atmospheric density values are more sensitive to geo-
maznetic disturbances than has previously been reported. Very recently,
Jacchia and Slowéy (1964a) found independently that for near-quiet geo- |
magnetic conditions the reaction of the atmosphere to variations in Ap is
considerably larger than expected, based on their previous analyses.

Figure 3 shows the logarithm to the base ten of the gauge densities,
at thelaverage time aﬁd altitude of the pass, plotted versus local time
and normalized to 280 km using the Harris and Priester model for S = 90
as a differential altitude transformer, Shown for éomparison purposes are
the densities obtained from drag observations of Injun 3 (Jacchia, Slowey,
1964b) and Explorer XVII (Bryant, 1964), and the Harris and Priester model
with S = 90. The drag data have also been normalized to the 280 km altitude.

The Injun 3 drag data, indicated by squares, were selected for quiet
geomagnetic conditions (AP < 2) for the time interval of February 18 through
': June 30, 1963, when the latitude of the satellite varied between - L0 degrees
and + 60 degrees. The Explorer XVII drag data, indicated by crosses, cor-
respond to the time interval from April 3 to July 6, 1963, when the satellite
perigee was between + 58 degrees and - 20 degrees.

The relation shown in Figure 2 has been used to adjust both the
Explorer XVII drag-determined and gauge-measured densities to geomagnetically
quiet conditions (Ap = 2). The Explorer XVII densities also have been
normalized to a 10.T-cm solar index of 83, a small adjustment compared to

those associated with the Ap. The A, adjustment resulted in:




(a) A dec?ease of approximately a factor of 2 in the apparent

scaxtg; between the gauge~measured density vaiues.

(v) A lowefing of the average of the gauge-measured densities by

a factor of 0.7. .

(c) A lowering of Bryant's drag densities by approximately 60

percent.

It is seen in Figure 3 that the atmospheric densities determined by
satellite drag techniques appear to be systematically higher by a factor
of 2 than the adjusted gauge densities. This difference is greater than
the combined uncertainties assigned to the separate sets of data and would
seem to be due to a systematic error in one or both of the measurements.
While the difference is not regarded as a serious discrepancy between-the
two techniques, it is large enough to require a re-examination of the
measurements made by each.

A more detailed presentation of the atmospheric density data from
these five minitrack stations and their geophysical interpretation is in
preparation (Newton, Horowitz, Priester, 1964). The presentation will
include (1) data of considerably grester altitude and local-time coverage,

and (2) density scale-height computations. In addition, data from the other

eight minitrack stations for the complete Explorer XVII orbit (perigee 255 km,

initial apogee 920 km, 58 degrees inclination) are currently being analyzed

and will be reported.
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Figure 1 =- Atmosﬁheric density versus altitude measured by the
Explorer XVII density gauges during 4T operations of
the Satellite. The densities were measured for times
between 0700 and 2100 hours, with A, varying between

0 and 50, .a.n_d with Fyq .7 varying between T0 and
100 x 10722 w/m2 cps.




Wy - 3an1IL1v
G6¢ G8¢
I i

HTAN GlE G0¢ G9¢ Ga¢
_ | ! | | m—IQ—

_ 06=S SIT0040 ‘d'H -

Suo—

~ 06=S Si 00yl ‘d'H W9/

|

ERR ]
05sdy=(

I _ ! | | _ _ | | _ _ _ _ _
m_lc—

|

-

I
It 1 1




Figure 2 = Daily average of the logarithms of the ratios of the
gauge measured density to the Harris and Priester model
density, plotted against daily geomagnetic Ap index.
Solid symbols represent averages of measurements obtained
from two or more passes of the satellite over the telemetry
stations. Opén symbols représent single passes. The data
have been adjusted to correspgnd to Fy4 = 83. The semi-
~annual variation of the atmospheric density has been accounted
for in an epproximate way by decreasing the model densities

by 18 percent for May and June 1963.
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Figure 3 - Logarithms of densities normalized to an altitude of 280 km
versus local time. Injun 3 data are selected for geomagnet-
ically quiet conditions. Explorer XVII data are adjusted to
Ap = 2 using relation shown in Figure 2, and for an FlO.'T

corresponding to 83.
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FIRST ELECTROSTATIC PROBE RESULTS FROM "EXPLORER XVII

by

L. H. Brace and N. W, Spencer
Goddard Space Flight Center, Greenbelt, Maryland




Introduction

On April 3, 1963, the Explorer XVII satellite was launched into
a 58 degree inclination direct orbit having perigee and apogee altitudes
of 258 and 927 kilometérs, respectively. In addition to the neutral
particle instruments (Spencer, Reber, 1963) (Newton, et.al., 1963), two
cylindrical electrostatic probes were employed; one for the measurement
of electron temperature (T,) and the other for determining the positive
ion density (Ni)' The purpose of this letter is to report the variations
in Te and N; observed above the Blossom Point, Maryland, telemetry station
(latitude 38°N, longitude T77°W), and to present a brief discussion of the

more immediate conclusions that can be drawn from the data.

The Experiments

Figure 1 is a block diagram illustrating either of the two independent
probe instruments. Both instruments employ a two-element sensor consisting
of a 10-cm long guard electrode, concentric with a collector electrode 0.056
cm in diameter and 23 cm long. The collector and guard electrodes were
insulated from each other and from the satellite, which served as the
reference electrode. An appropriate sawtooth voltage was applied to both
collector and guard elements, but only the current to the collector was
measured gnd telemetered. Voltage sweep rates, current sensitivities, and

telemetry sampling rates were optimized to permit a measurement of Te in

TR




approximately 50 milliseconds, corresponding to negligible translational
and rotational motion of the satellite. The volt-ampere characteristics
resulting from operation of the instruments thus permitted computation
of electron~temperature and ion-density values, which can be considered
measurements at a point.

Figure 2 shows a series of raw telemetry points from the Te experiments
which demonstrate the measurement resolution. The computational technique
employed has been reported. (Langmuir, Mott-Smith, 1924) (Taylor, Brace,
Brinton, Smith, 1963) (Nagy, Brace, Carignan, Kanal, 1963).

To permit greater confidence in the measurement accuracy of the
Explorer XVII probe technique, a rocket (NASA 6.07) carrying an ejectable
instrumentation employing a probe sensor identical to that of Explorer XVII
was launched concurrent with a satellite pass at Wallops Island, Virginia.
An ionosonde was also operating simultaneously nearby. The ionosonde and
rocket probe data agree with the satellite déta within a few percent, indi-
cating that the satellite motion did not perturb the temperature and density
measurements. A more detailed documentation of the rocket/satellite experi-

ment will be provided in a later paper.

The Blossom Point Data

During its 100-day operational lifetime (April 3 to July 10, 1963),
Explorer XVII was interrogated successfully about 650 times, most responses

providing 4 minutes of measurements along the satellite path. The Blossom
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Point (BP) passys, to be presented here, provided dense coverage over
‘the eastern Uniged States. During the active lifetime of the satellite,
the latitude ofyierigee, initially 38°N, moved to its maximum northwarad
excursion of 58 degreeg, then moved southward, reaching 22°S at the time
.of battery exhau;tion. Accordingly, most of the BP measufements were made
near perigee and thus generally represent the F» region between 258 and 400
kilometers. Changes in Te and Nj during these passes reflect latitude and/or
local apparenﬁ time effects (approximately 10 degrees of latitude and 1 hour
of local time) and not altitude change. These changes within passes are
evident in Figure 3 which shows data measured over a 3-month period. The
individual points connected by solid lines are the values of Te and Ni
measured at the beginning and end of some of the individual 4-minute passes.
Most of these data are from southward passes during which a consistent de-
crease in T, and an increase in N; are observed. The reverse changes are
observed within the northward passes, confirming that the change obserwved
within the pass is a latitude effect. By drawing smooth curves through the
end values of Ty and Nj from the individual passes in Figure 3, the gross
diurnal variation at the extremes of latitude reached in the BP passes
(40 to 55° North Magnetic) is made evident.

Several general characteristics of the ionosphere are also evident
in Figure 3:

1. A steep morning rise in T, and a more gradual rise in Nj.

2. A morning maximum in T, (about 5 hours after local sunrise)

and a continuing gradual rise in Nj during the day.
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. 3. A decrease of T, to an afternoon plateau (its value depending
upon latitude) and a late afternoon maximum of Ny,
L., A possible minor maximum of T during late afternoon
S. A steep decline of both T, and N; at sunset
6. A nighttime plateau of Tg at about 1150°K, but moderately
variable, and a relatively constant value of N;.
Although the data at other sites have not been completely analyzed,
‘they appear to exhibit the same gross characteristics as the data from
Blossom point, the majJor differences being in.the time of the morning Tg

maximum and the value of T, during the afternoon plateau.

Geopﬁysical Implications of the Blossom Point Data

If one considers the neutral gas temperature (Tg) to be between about
700°K (at night) and 1000°K (daytime), the Figure 3 data show that thermal
nonequilibrium is the normal condition near the Fo maximum, both day and
night. Thus, the Explorer'XVII data confirm the author's earlier conclusions
which ﬁere based on rocket probe data (Boggess, et.al., 1959) (Spencer, et.al.,
1962) (Brace, et._al., 1963) that (a) the ionosphere is not in thermal \
equilibrium and (b) the degree of nonequilibrium is greater in the auroral
zone than at midlatitudes.

The major implication of the nonequilibrium is that significant sources
of local heating for the electrons are present and that sbme of these sources

exist at night as well as during the day. This is borne out by calculations
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of the local electron heat flux density (Q) using the equation given

by Hanson (1962)P

3kN, dTe| - , dT¢| |, dTe| | dT|
2 at l at I at | at '
- Na 02 *

Q= - (eV em=3 sec=1) (1)

0

where the derivaiives represent the cooling rates of electrons to ions and
ﬁo the indicated neutral species. In a calculation using the measured
values of T, and N;, and the Harris and Priester model values (S = 90)

for the neutral par£icle concentrations and temperatures, the locally
deposited energy (Q) at L0OO kilometers was.determined to be approximately
250 eV cm~3 sec~l at midday and 15 eV cm~3 sec~l at night (Brace, Spencer,
and Dalgarno, 1964). The daytime value is in reasonable agreement with

the predictions of both Hanson (1962) and Dalgarno, et.al. (1963) but differs

significantly from Ariel satellite data given by Wilmore (1964) who finds
about 100 eV cm~3 sec-l at 40O kilometers. The nighttime value of 15 eV/cm—3

sec™l indicates a significant heating source, not yet identified.

The calculations further show that both the diurnal and latitudinal
variations of electron temperature in the daytime ionosphere (Figure 3) are
primarily reflections of corresponding variations in the local electron
density (Willmore, 196L4); thus there is no reason to believe that the
observed latitude variation of T, in the daytime is related to atmospheric
heating by particles as a function of latitude (Willmore, et.al., 1962)

(Spencer, et. al., 1962) (Brace, et. al., 1963).
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It is partﬂcularly useful to compare BP data with the radar
backscatter data of Evans (1964) because the measurements correspond
to essentially the same latitude, longitude, and altitude. In March
1963, a month before tﬁe launch of Explorer XVII, Evans found that
Te/Ti, at 330 kilometers, reached a maximum value of 3 at midmorning,
exhibited an afternoon plateau of about 2.3, and was variable between
1.3 and 2 at night. The satellite results at Blossom Point, expressed
in terms of Te/Tg, provide an esentially identical picture.

Inherent in this comparison of To/Ty and Te/Tg is the assumption
of equilibrium between ions and neutrals (T; = Tg). In the altitude
region below LOO kilometers where these data are compared, it is reasonable
to make this assumption. However, as Hanson (1962) has pointed out, because
the neutral particle scale height is less than the ion-electron scale height,
the thermal contact between ions and electrons will predominate above some
altitude and the ion temperature will approach that of the electrons.
Hanson (1962), using an assumed model atmosphere, has calculated that Ty
will exceed T8 above about 600 kilometers and approach Te at 900 kilometers.
Accordingly, Tj; was predicted to lie about midway between T, and 'I'g at 750
kilometers. Similar calculations using Explorer XVII BP data show that
this transition occurs near 500 kilometers rather than 750 kilometers (Brace,

Spencer, Dalgarno, 1964).
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In summary, Explorer XVII measurements of T, and N; in the Fop
region above Blossom Point have spown that tﬁermal nonequilibrium
(Te > Tg) is the normal condition both day and night and, further, that
the degree of nonequilibrium is strongly latitude dependent in the daytime
and moderately variable at night. .The data also reveal a strong inverse
relationship between the local values of Te and N3 (or Ng), which is
consistent with the equations employed by Hanson and Dalgarno in their
studies of ionosphere heating. There is no evidence that the observed

latitude dependence of Te, seen in previous rocket flight data and

apparent in Ariel satellite measurements, is related in an important way

to particle fluxes at higher latitudes. Instead, the data suggest that

the latitude dependence of T, primarily reflects the global distribution

of electron density and its controlling mechanism.
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Figure 1 =

Figure 2 -

Figure 3 -

FIGURE CAPTIONS

Functibnal block diagram of either the T, or N; probe experiment.
A sawtooth Qoltage applied to the guard and collector produces

a volt-ampere characteristic from which either Te or N; can

be derived depending upon the current sensitivity and sweep
magnitude employed.

Plot of raw telemetry data from Te experiment during a night-
time perigee pass at BP. The upper set of volt-ampere charac-
teristics were measured by the 5S-ua detector with a sweep of
O0—>r + 1.5 volts. The lower set, recorded a few seconds later,
were measured by the l-ua detector with a sweep of O —y + 0.75
volts applied to the probe.

Blossom Point results in the 260-400 kilometer altitude range.
The points connected by lines represent values recorded at the
beginning and end of particular passes. The inverse variation
of Te and Ny within individual passes has been identified with

the latitude change in the pass.
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