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The Morphology of Equatorial Mg + Ion Distribution 
Deduced From 2800-. Airglow Observations 

J.-C. GI•RARD, 1'9' D. W. Rvsc•, •'• P. B. HAYS, 1 AND C. L. FESEN 1 

The Visible Airglow Experiment on the Atmosphere Explorer E satellite has observed the resonantly 
scattered emission from Mg II at 2800 A, in the equatorial ionosphere. Altitude profiles of the Mg + ion 
distribution haxte been obtained from the inversion of the surface brightness measurements made on 
spinning orbits. These data show a daytime metallic ion layer between 150 and 200 km developing in the 
early morning and reaching about 100 ions/cm 8 in the afternoon. Mg + ions are also seen in the F: region 
mostly in the late afternoon hours within a few degrees of the dip equator. The study of the vertical 
column density measured in the despun mode indicates that the amount of Mg * in the F region is most 
variable in the afternoon hours at low dip latitudes. These results can be explained in part by the diurnal 
variation of the E x B drift velocity which lifts the metallic ions up into the F region. The observations 
suggest that the vertical polarization electric field is not the primary transport mechanism extracting the 
Mg + ions from the low-altitude source layer. 

[NTRODUCTION 

Magnesium and iron ions have been persistently observed 
with mass spectrometers in layers near 100 km at all latitudes. 
They are presumably produced by meteor ablation of metallic 
compounds followed by ionization or charge transfer from 
ambient NO + and O: + ions. Their chemical lifetime is very 
long (>1 day), since they can only be removed by slow pre- 
cesses such as radiative recombination or three-body reaction 
with O:. In (the) recent years, various measurements have also 
found them in the F region, occasionally even above the F: 
peak. Their presence at high altitudes is attributed to upward 
transport by winds or electromagnetic drifts. Three major 
zones of metallic ions have been identified so far in the F 
region: 

1. The first is a region associated with the daytime high- 
latitude polar cusp where Fe + ions have been measured by the 
Benett ion mass spectrometer on board the Atmosphere Ex- 
plorer C satellite with density exceeding 30 ions/cm 8 
[Grebowsky and Brinton, 1978]. Mg + ions have also been de- 
tected optically in high-latitude evening twilight by Gdrard 
[1976] using the Ogo 4 ultraviolet spectrometer. The lifting 
mechanism is probably the drift generated by the strong con- 
vection electric field existing in this region. 

2. The second is a zone mapping the mid-latitude ion 
trough where winds blowing equatorward carry the ions along 
the field lines during daytime [Grebowsky and Brinton, 1978]. 

3. The third is the equatorial daytime and nighttime iono- 
sphere where Fe + ions were observed by Hanson and Sanatani 
[1970] using a retarding potential analyzer on the Ogo 6 satel- 
lite. They found that Fe + could be detected above the F• peak 
near the dip equator in densities sometimes exceeding 1000 
ions/cmL Optical measuremtns of Mg + 2800-• twilight air- 
glow above 540 km were reported by Gdrard and Monfils 
[1974] and Gdrard [1976] within approximately 20 ø of the dip 
equator. A transport mechanism specific to the equatorial 
region has been proposed by Hanson et al. [1972]. It combines 
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vertical motion of the metallic ions in the E region under the 
effect of the vertical polarization electric field associated with 
the equatorial electrojet with subsequent E x B vertical drift 
lifting up the ions during daytime. 

The optical observations briefly described above were 
largely unplanned and had a limited local time and altitude 
coverage. One of the filters of the Visible Airglow Experiment 
on board the Atmosphere Explorer E satellite was centered to 
the resonance doublet of Mg II at 2800 f•. It has provided new 
results concerning the morphology of the Mg + ions in the 
equatorial ionosphere and its variations. This paper describes 
the observational technique and presents new data about the 
altitude, local time, and latitudinal distributions of Mg +. 

RESONANCE SCATTERING 

The Mg II •S-:P doublet at 2795.5-2802.7 f• is excited in the 
earth's atmosphere by resonance scattering of the solar ul- 
traviolet radiation. The oscillator strength of the two lines are 
f•7•5 = 0.627 and f•80: = 0.313 [Wiese et al., 1966]. The emis- 
sion rate factors of the two components have been calculated 
by Anderson and Barth [1971] as g•7•5 = 0.091 and g•80• = 0.037 
photon s-2. If the atmosphere is optically thin for these lines, 
the column density is simply related to the column emission 
rate by the relationship 

I = 1 X 10-6gf [Mg+] dl 

where I is expressed in rayleighs and dl is the element along the 
line of sight. In the case of a broadband photometric measure- 
ment such as this one, g denotes the total emission rate factor 
of the doublet, equal to 0.13 photon s -•. 

If the column density exceeds a critical value, the transition 
becomes optically thick, and this simple relationship may not 
be applied. The resonance scattering cross section for a Dop- 
pler-broadened line of central frequency v0 is given by 

a• - f-- exp - me m 2-Y 

where rn denotes the electron mass, m the atom mass, and the 
other symbols have their usual meaning. In the case of the 
2795-f• line the cross section at the line center is 6.7 X 10 -xa 
cm • for T = 200øK. Hence the ion column density required to 
reach r = 1 is 1.5 X 10 xx cm -•, which corresponds to a doublet 
intensity of 19 kR. 

Anticipating the results described below, the overhead in- 
tensity never exceeds 300 R, and maximum horizontal in- 
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tensity in the E region is of the order of 8 kR. Consequently, 
these optical thickness effects can be neglected in converting 
the 2800-• emission rates into column densities. 

By contrast, in the twilight observations of a sporadic E 
layer by Anderson and Barth [1971], a vertical column density 
•v of at least 4 X 109 ions/cm: was reported. Therefore the 
horizontal ion column density •n along the grazing solar rays 
was approxima•tely 

rtn = •vOrR/2H) 

where R is the geocentric altitude and H is the topside scale 
height. Using H = I km, the horizontal column is 4 X 10 n 
cm-*', and r -• 2.7 at the tangent point. This explains why the 
intensities of the two doublet lines were not in the ratio of the g 
factors. 

OBSERVATIONAL TECHNIQUE 

The visible airglow experiment (VAE) [Hays et al., 1973] is a 
conventional filter photometer designed to monitor various 
airglow and auroral emission features. The VAE has two 
distinct optical channels, one with high sensitivity used where 
angular resolution is unimportant (3 ø half-angle cone) and a 
second less sensitive channel with a narrow (3/4 ø half-angle 
cone) field of view to provide good angular and spatial resolu- 
tion. The observations reported here were made by the VAE 
on the A E-E spacecraft using a filter centered at 2800,4 with a 
20-/• band pass to measure solar radiation resonantly scat- 
tered by Mg + ions. We have assumed that with the exception 
of the continuum emissions from Rayleigh scattering and the 
galaxy, only M g + resonantly scattered emission is measured 
through the 2800-/• filter. The A E-E spacecraft is in an orbit 
inclined by 23 ø to the equator. 

The high-sensitivity channel is used to map the overhead 
surface brightness to determine, in a statistical sense, local 
time and magnetic latitude variations of the Mg + column 
density. The overhead surface brightness is given by 

/,•oo(Z.•t) = I X 10-'gfz•NMg+(Z)dZ a t 

where I is the intensity in rayleighs, g is the efficiency for 
resonance scattering described earlier, and NMg+(Z ) is the 
Mg + density. We have compiled local time and magnetic lati- 
tude maps of Mg + vertical emission by sorting the data into 
altitude bins for both ascending and descending legs. The 
statistical accuracy of the data is increased, and the intensity is 
averaged over several degrees along the satellite path equal to 

a few minutes in local time. The results are described in the 

following section. 
The narrow channel of the VAE is primarily used to per- 

form limb scanning experiments when the spacecraft is spin- 
ning. In Figure I we display the spatial geometry of the mea- 
surements. These data are used to derive local volume 

emission rates by the technique described by Hays and Robie 
[1972] and Hays et al. [1973]. This technique yields vertical 
profiles of the volume emission rate under the assumption of a 
spherically stratified atmosphere. In this experiment we have 
used, in each spin, data from six integration periods (0.032 s) 
above and below the horizontal direction for each inversion, 
corresponding to ama x '- 4.6 ø. The inverted data from each 
spin are then averaged to provide one profile. Normally, two 
average profiles are derived from each orbit, one for the down- 
leg and one for the upleg. The use of six data points provides 
volume emission rates from the satellite altitude to approxi- 
mately 25 km below the satellite. During a typical orbit, data 
will be averaged from about eight consecutive forward or 
backward limb scanning inversions (points A to C) to provide 
the volume emission rate at one altitude. The satellite moves 

approximately 1 ø along the orbit between limb scans and, in 
addition, must look farther forward along the orbit and deeper 
into the atmosphere to measure the same altitude in each 
succeeding spin. As a result, the data are averaged over about 
15 ø from A to D, or, for the AE-E orbit, about I h in local 
time. Only data from the elliptical phase of AE-E were used 
for the limb scanning experiment. 

All data for which the viewing direction of [he sensitive 
channel was within 45 degrees of the sun were eliminated to 
avoid potential contamination by white light scattered off the 
baffling system. This accounts for the gap in the data near 
noon in the results described below. All data taken when AE-E 

was in the South Atlantic Anomaly above 200 km were elimi- 
nated. Galactic emissions also contaminate the sensitive chan- 

nel measurements. This background was removed by examin- 
ing data from high-altitude orbits. 

OBSERVATIONS 

The data. An example of the 2800-• data is shown in 
Figure 2 for the despun elliptical orbit 1082. The vertical 
emission rate measured by the wide angle channel is plotted 
versus time and various other parameters of the orbit. The 
intensity shows large-scale variations from 7 to 300 R as well as 
small-scale structures. The number density of Mg + and Fe + ions 
detected by the Benett ion mass spectrometer (Bims) [Brinton 
et al., 1973] on the same orbit is plotted for compafi•son. The 
sensitivity threshold of the mass spectrometer for the• ions is 
approximately 20 ions/cm a on AE-E. There is clearly good 
correlation between the measurements• of the two instruments, 
especially near the density peak. However, it must be borne in 
mind that the airglow intensities depend orl the column density 
above the satellite, whereas the mas.s spectrometer gives the 
density along the trajectory. This difference, combined with 
the lower sensitivity of the Bims experiment, explains the 
absence of peak-to-peak correlation for the secondary max- 
ima. • 

This comparison shows that measurements of resonantly 
scattered radiation at 2800,4 may be confidently used to study 
the morphology of metallic ions in the daytime ionosphere. 
This example also illustrates the complexity of the morpholog- 
ical study: the fact that the 2800-A • intensity does not mono- 

Fig. 1. Geometry of the spinning observations. See text for ex- tonically increase with decreasing altitude indicates that other 
planations. variables such as local time, latitude, and possibly longitude 
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Fig. 2. Measurements of the 2800-•, vertical emission rate by VAE and Fe + and Mg + densities by Bims on downleg of 
orbit AE-E 1082. 

also control the ion distribution in the F region. The study of 
these various effects is reported in subsequent sections. 

Figures 3 and 4 show examples of data obtained in the 
spinning mode with the narrow angle channel. The orbit pa- 
rameters for perigee are listed in Table I. The count rate per 
integration period is plotted versus the altitude of the tangent 
point: 

Zt = (R• + Z,) cos O- R• 

where R• is the earth radius, Z, the spacecraft altitude, and 0 
the angle of the line of sight with the horizontal direction. For 
this channel, I count/integration period corresponds to 43 R. 
Also shown for comparison is the contribution of the Rayleigh 
scattering in the filter band pass calculated using a model 
atmosphere. Below 105 km the measured intensities follow 
exactly the Rayleigh scattering curve. This is an independent 
check of the instrument sensitivity and indicates that no useful 
data on the M g + ions may be obtained below about 120 km. 
On the other hand, above 140 km the Rayleigh scattering 
contribution becomes negligible, and no correction needs to be 
made to the measurements. There is a clear difference in the 

ion distribution between the morning (orbit 423) and the after- 
noon (orbit 792) profiles. An almost constant scale height of 
75 km is deduced from the distribution on orbit 792. 

Measurements of the vertical column density. The data 
gathered with the wide angle channel on despun orbits have 
been used mostly for a statistical study of the diurnal and 
latitudinal variation of the overhead vertical intensity• The 
diurnal variation of the vertical ion column density was ob,- 
tained at different altitudes from the oriented observations of 

the elliptical phase of the AE-E mission. The period of time 
covered by these data extends from December 12, 1975, to 
February 26, 1976 (about 55 orbit legs). 

Figure 5 shows these results for two altitude ranges centered 
at 180 km and perigee ('--145 km). The gap in the data near 
noon is due to the removal of t'he measurements contaminated 

by stray solar radiation in the instrament. The galactic back- 

2øø / 
180•-- 

• 160- 

•-- 14o- 

120 - 

IOO - 

8O•o o ' 

ORBIT 423 

• I IIII •1 
i01 

! i i iii 

_ 

Fig. 3. Intensity of the 2800-/• signal measured on spinning orbit 
AE-E 423 versus the altitude of the tangent point. The solid line is the 
calculated Rayleigh scattering curve. Local time is 10.3 hours. 
Counts/IP is counts per integration period. 
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Fig. 4. Intensity of the 2800-• signal measured on spinning orbit 
AE-E 792 versus the altitude of the tangent point. The solid line is the 
calculated Rayleigh scattering curve. Local time is 15.8 hours. 
Counts/IP is counts per integration period. 

ground, data contaminated by planets and the South Atlantic 
Anomaly, has been removed. 

The observations show a marked increase of the intensity 
from sunrise to 1000 LT at both altitudes. The intensity tends 
to decrease during the afternoon hours until local sunset (SS). 
The column density of ions is larger above 145 km than above 
180 km, especially during morning hours, indicating that a 
major fraction of the Mg + is located below 180 km. The 
maximum brightness occurs in the gap between 1000 LT and 
1400 LT and most probably near 1400 LT. The brightest 
intensities at perigee reach about 300 R, which implies a verti- 
cal column of 2 X l09 ions/cm •'. It is obvious that at both 

altitudes the scatter of intensity is much larger after noon than 
before noon and the scatter increases to nearly an order of 
magnitude at or after sunset. Thus the morning development 
of the F region layer is more regular and orderly than the 
subsequent transport later in the day. This point will also be 
demonstrated by the spinning data. 

Results of the spinning mode. Observations made with the 
narrow angle channel on approximately 50 AE-E spinning 

elliptical orbits (orbits 246 to I 184) were inverted by using the 
Abel integral inversion. The period of time covered by these 
observations extends from December 19, 1975, to February 3, 
1976. Consequently, little seasonal variations are expected in 
this short time interval. 

Figure 6 shows a selection of 12 typical profiles of Mg + ions 
in the F region in the order of increasing local solar time. The 
parameters of the observations are given in Table I and refer 
to the location when observing at a tangent point of 150 km 
from an altitude of 170 km (cf. Figure 1). There is clearly an 
important diurnal variation in the shape and density of the 
layer. Starting after sunrise from a weak layer peaking below 
150 km, the layer develops regularly throughout the morning. 
The peak moves up in altitude, reaches a maximum near 1400 
LT, and collapses during the afternoon. This behavior is in 
agreement with the upward looking observations described 
before. The morning distribution is characterized by a well- 
defined layer peaking between 160 and 200 km. It is detected as 
early as 0620 LT at dip latitudes as high as 30 ø. The afternoon 
distribution is often characterized by a quasi-exponential de- 
crease with a scale height of the order of 40 km. The late 
afternoon behavior is quite variable and may exhibit a high- 
altitude tail, as will be shown below. No evidence is found of a 
latitudinal dependence of the density and altitude of the peak 
in the morning hours. In contrast, the F•. region tail observed 
at evening twilight is associated with small dip latitudes. 

The variability of the altitude distribution is illustrated by 
Figure 7, where all the profiles obtained in three specific ranges 
of local times have been plotted together. The early morning 
data illustrate the features already mentioned, namely, a layer 
with a maximum density of about 20 ions/cm a with a well- 
defined peak. Some scatter in the profiles is due to the low 
count rate and to missing telemetry data for parts of the 
profiles, but the actual variability is in fact rather small. The 
early afternoon profiles show densities between 50 and 100 
ions/cm a near 150 km and are all relatively similar. The late 
afternoon distribution is highly variable in shape and magni- 
tude and may either drop below detectability below 200 km or 
extend as high as 500 km. It must also be remembered that the 
observational technique is such that the profiles obtained by 
this method are averaged over a fairly long interval of local 
time and longitude. Consequently, the inverted profiles do not 

TABLE 1. Orbit Parameters for Data of Figures 3, 4, and 6 

Local Time, Solar Zenith 
Orbit* Date•' hours Angle, deg 

Geographic Geographic 
Latitude, Longitude, 

deg:• degõ 

356 75352 6.6 88 16 130 
252 75344 6.9 79 3 -86 
348 75352 8.5 67 19 28 

373, D 75354 9.0 61 20 33 
373, U 75354 9.6 55 19 41 
398 75356 10.0 49 17 45 
423 75358 10.3 43 13 40 
736 76018 12.9 16 -II 138 

766, D 76020 13.7 31 -2 19 
766, U 76020 15.0 51 5 37 
792 76022 15.8 65 13 60 
864 76028 15.1 58 18 176 
844 76026 16.2 73 19 37 
943 76034 18.0 93 12 154 

*D denotes a downleg; U, an upleg. 
•'Read 75352 as day number 352 of 1975. 
$Positive values refer to northern latitudes; negative values, to southern latitudes. 
{}Positive values refer to east longitudes; negative values, to west longitudes. 
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Fig. 5. Vertical emission rate of the Mg + airglow versus local solar time at two different altitudes. The arrows show the 
time of local sunset (SS). Note the break in the time axis near noon. 

necessarily reflect the real vertical distribution at one location 
but are averaged along the satellite track. It is possible that at a 
given altitude a mass spectrometer would reveal highly struc- 
tured regions which are not revealed by this method of analysis 
of the spinning observations. 

The E region M g + layer has been investigated following the 
method described previously. In Figure 8, spins of five orbits 

km a variation by a factor of 2.5 is observed between early 
morning and early afternoon intensities. Here again a peak is 
seen near 1400 LT, and the layer collapses during the after- 
noon. There is no indication of any magnetic latitude depen- 
dence in the profiles as may be seen in Figure 8 where the dip 
latitudes vary from 2 ø to 30 ø. As was discussed earlier, a unit 
optical depth is reached at the center of the 2795-A line for a 

at different local times have been plotted versus the altitude of column density of 1.5 X l0 • cm-:. At twilight the path of the 
the tangent point. The orbit parameters for perigee are listed in solar radiation in the layer is maximum_. The total path to take 
Table 2. The data show that the diurnal variation in the E into account is twice the horizontal column density measured 
region is similar to that in the F region. For example, at 120 from the tangent point, which is equal to In/g, where In is the 
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Fig. 6. A selection of Mg + density profiles obtained by Abel inversion of the 2800-•, airglow on spinning orbits. The 
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Fig. 7. Mg + density profiles observed at three different local times. 
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Fig. 8. Intensity of the 2800-A airglow in the E region versus the 

altitude of the tangent point for five different orbits. The local times 
are as follows: orbit 247, 6.3 hours; orbit 401, 8.8 hours; orbit 766, 14.4 
hours; orbit 993, 18.3 hours; and orbit 1019, 18.4 hours. The solid line 
is the calculated Rayleigh scattering contribution. Counts/IP is counts 
per integration period. 

emission rate plotted in Figure 8. Taking In = 8 kR, we deduce 
r -• 0.4. Since this value refers to the line center of the brightest 
of the doublet components, it is concluded that the optical 
thickness does not affect significantly the observations, even in 
the most unfavorable case. 

Special features. The profiles illustrated in Figure 6 were 
selected as typical examples of the spinning data. Actually, 
some profiles show remarkable differences which may often be 
associated with the parameters of the observations. Figures 9 
to 13 show a few profiles different from those of Figure 6. The 
orbital parameters are listed in Table 3. 

Figure 9 presents the profile measured on orbit 326 at 0800 
LT. This peculiar profile shows, in addition to the regular layer 
below 200 km, two F region peaks at 240 and 350 km. This 
feature is very unusual at this time of the day and is in fact a 
unique case. It is most probably the consequence of the high 
dip latitude of the observations (29øN). It is believed that such 
layers are formed of ions transported poleward from lower 
latitudes during previous daytime hours and maintained in the 
F region throughout the night by converging thermospheric 
winds having significant parallel field components at this lati- 
tude. 

Orbit 743 shown in Figure l0 is an example of an afternoon 
profile exhibiting a quasi-constant density over a wide altitude 
range followed by a steep topside gradient. Topside scale 
heights as small as 7 km have been observed occasionally, in 
agreement with the independent measurements reported by 
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Fig. 9. Mg + density profile for orbit 326. The parameters of the 
observation are listed in Table 3. 

G&ard and Monfils [ 1978]. These features have been observed 
on several occasions during the afternoon hours but do not 
show evidence of a latitude dependence. Figure l l shows a 
midafternoon profile with a double peak at very low magnetic 
latitude. Such double layers are frequently observed in the 
afternoon and may be explained by irregular time variations in 
the E x B drift such as electric field reversals before sunset 

associated with the occurrence of counterelectrojets [Wood- 
man et al., 1977]. Hanson et al. [1972] have shown that the 
effect of such pertubations in the electric field is to cause 
multiple peaks in the vertical ion distribution. 

Orbit 993 (Figure 12) shows the case of a low-latitude late 
afternoon profile exhibiting a long high-altitude tail. This type 
of profile is frequently observed within a few degrees of the dip 
equator at the end of the afternoon but is normally not seen at 
dip latitudes exceeding •10 ø. These are layers of the type 
observed by the TD-1A satellite above 540 km at evening 
twilight and whose morphology has been described by G&ard 
and Monfils [1978]. However, the emission rates measured 
with the TD-IA instrument tended to be higher than those 
reported here. This may be an effect of the variation of the 
solar activity between 1972 and 1976. 

The profile observed on orbit 1019 and displayed in Figure 
13 is clearly composed of several curves corresponding to 
different spins or group of spins. This is most probably due to 

TABLE 2. Orbit Parameters for Data of Figure 8 

Orbit Date* 

Geographic Geographic 
Solar Zenith Latitude, Longitude, 

LocalTime Angle, deg deg•' deg:[: 

247 75344 6.3 85 0 23 
401 75356 8.8 63 19 -59 
766 76020 14.4 41 2 28 
993 76038 18.3 94 3 - 164 

1019 76040 18.4 96 -2 - 168 

*Read 75344 as day number 344 of 1975. 
•'Positive values refer to northern latitudes; negative values, to southern latitudes. 
$Positive values refer to east longitudes; negative values, to west longitudes. 

Dip 
Latitude, 

deg•' 
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Fig. 10. Mg + density profile for orbit 743. The parameters of the 
observation are listed in Table 3. 

a strong spatial gradient in the ion density in the trajectory 
plane. Referring again to Figure l, a given altitude is observed 
from various locations, and the distance between two extreme 
observations (A and D) exceeds 1000 km. Consequently, if 
longitudinal and/or local time gradients are present, each 
inverted spin will produce a different profile such as repre- 
sented in Figure 13. Once again, this late afternoon high- 
altitude tail is observed at a fairly low dip latitude. 

Dip latitude dependence. The last two profiles suggest the 
existence of a magnetic latitude dependence of the F region 
Mg + density in the afternoon hours. This feature has been 
examined statistically by using the upward looking data of the 
wide angle channel collected on 42 circular orbits. These ob- 
servations cover the period from November 20, 1976, to De- 
cember 27, 1977, during which time the altitude varied from 
240 to 290 km. Figure 14 presents the results of this study: the 
vertical intensity is plotted versus dip latitude in both hemi- 
spheres. Each data point represents the intensity measured 
between 1400 and 1600 LT and averaged in bins of magnetic 
inclination. The solid line is the smoothed arithmetic average 
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Fig. 11. Mg + density profile for orbit 792. The parameters of the 

observation are listed in Table 3. 
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Fig. 12. Mg + density profile for orbit 993. The parameters of the 
observation are listed in Table 3. 

of the observations. It is evident that the average intensity 
decreases with increasing magnetic inclination or dip latitude 
by almost an order of magnitude and that the variability of the 
F region column density is much higher near the dip equator 
(dip latitude •< l0 ø) than at higher latitudes. These two con- 
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Fig. 13. Mg + density profile for orbit 1019. The parameters of the 
observation are listed in Table 3. 
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TABLE 3. Orbit Parameters for Data of Figures 9 to 13 

Orbit 

Geographic Geographic 
Solar Zenith Latitude, Longitude, 

Date* Local Time Angle, deg deg1' deg:[: 

326 75350 8.0 '- 72 17 -62 
743 76018 13.5 25 -7 -52 
792 76022 15.4 58 11 54 
993 76038 17.5 85 7 - 175 

1019 76040 19.1 105 -6 - 159 

*Read 75350 as day number 350 of 1975. 
1'Positive values refer to northern latitudes; negative values, to southern latitudes. 
:[:Positive values refer to east longitudes; negative values, to west longitudes. 

Dip 
Latitude, 

deg•' 

29 

3 

3 
6 

-5 

clusions are in agreement with the results of the spinning 
inversions shown before: in the afternoon hours large densities 
of ions are usually only observed at very low latitudes, but 
even there the density may remain small at evening twilight. 
The fact that the southern hemisphere intensities tend to be 
weaker than the northern ones may reflect the fact that in the 
limited sample available the southern data were mostly col- 
lected in the Pacific sector. Hence it is not clear whether this is 

a latitude or a longitude effect. For the same reason, no 
seasonal information is available at this time, although it is 
expected that since seasonal effects are observed in the diurnal 
E x B drift variation, they probably also influence the density 
of metallic ions in the F region. 

DISCUSSION 

The results of the morphological study of the magnesium 
ion distribution in the equatorial ionosphere made by the VAE 
experiment on AE-E may be summarized as follows: 

1. A diurnal variation of the Mg + density is clearly ob- 
served. The maximum density occurs near 1400 LT and is 
located between 150 and 200 km. 

2. The diurnal variations in the E region and the Fx region 
are similar. 

3. Mg + ions are present in the F• region as early as 1/2 
hour after sunrise at all magnetic latitudes. 

4. Ions are always observed in the Fx region during day- 
time; there is no evidence of a latitude dependence. In contrast, 
the F•_ region is void of ions during morning hours. In the 
afternoon the distribution in the F•_ region depends strongly on 
dip latitude with larger densities always occurring near the dip 
equator. 

5. Although variability is seen at every local time and 
place, it is most pronounced at very low latitudes during late 
afternoon. 

6. There is evidence of the effect of winds and temporal 
variation of the E x B drift velocity. 

Results l, 4, 5, and 6 are consistent with the model devel- 
oped by Hanson et al., which quantified the theory of Martyn 
[1959a, b]. Indeed, the fountain effect theory predicts that the 
metallic ion density will maximize in the F•_ region near the dip 
equator where the ions possess only a vertical velocity com- 
ponent and may reach higher altitudes than at other latitudes. 
The diurnal variation of the Fx region reported here follows 
that of the vertical drift velocity measured at Jicamarca 
[Woodman et al., 1977] during periods of solar maximum. It is 
not clear whether this is the behavior expected from the foun- 
tain effect; this point should be tested quantitatively by a 
model calculation. A possible explanation of the early after- 
noon peak would be the depletion of the metallic ion source by 
vertical transport. A calculation of the effect of vertical trans- 

port on the density is difficult, since chemical processes and 
motion along the field lines contribute to refill the depleted 
Mg + layer. There is observational evidence that there is no 
depletion, at least for the layer near 95 km. A mass spectrome- 
ter measurement by Goldberg et al. [1974] shows that the 
metallic layer is still present at evening twilight near the dip 
equator. Moreover, daytime measurements [Aikin and Gold- 
berg, 1973] show no evidence of time variation of the density at 
low altitude. 

Points 2 and 3 require some discussion. Obviously, the 
presence of ion densities exceeding l0 ions/cm • at 150 km a 
few minutes after sunrise at dip latitudes as high as 30 ø does 
not appear to be consistent with the theory of the vertical 
polarization electric field raising ions from a source region at 
95 km. In fact, as soon as the inclination of the magnetic field 
lines reaches a few degrees, this vertical velocity component of 
the drive decreases dramatically. This fact explains the con- 
finement of the equatorial electrojet to a very narrow latitude 
region about the dip equator. For example, Figure 4 by Han- 
son et al. [1972] shows that the vertical ion velocity at 
100 km drops from 15 m/s to 0 m/s from 0 ø to 8 ø of dip 
latitude. Consequently, it is not possible for this field to move 
the ions by about 50 km in a few minutes at latitudes exceeding 
20 ø . Calculations of the production rate of meteor ions show 
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Fig. 14. Variation of the Mg + airglow intensity with magnetic 
inclination. The measurements were made between 14.00 and 16.00 
hours local time from an altitude of approximately 260 km. 
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that evaporation of meteor atoms is the main source of meteor 
atoms below 120 kin, whereas sputtering of micrometeorites 
becomes dominant above this altitude [Lebedinets and $hush- 
kova, 1970]. This first component is strongly dependent on the 
meteor activity and is largely enhanced during meteor show- 
ers, but the second one is much more constant. This may 
explain why neither in these observations nor in earlier analy- 
sis was a correlation found with the meteor activity. Besides, 
mass spectrometer measurements of Mg + layers indicate that 
even at mid-latitude the distribution of ions extends well above 

120 km in normal conditions [Goldberg and Blumle, 1970; 
Narcisi, 1972]. Very thin layers of metallic ions seem to be 
associated with the occurrence of sporadic E conditions [Nar- 
cisi, 1968; Zbinden et al., 1975]. Consequently, there may be 
enough Mg + ions created or transported at 140 km by other 
means to allow the E x B drift to carry them into the F region 
without any need for a specifically equatorial mechanism in 
the lower E region. We, however, note the significance of 
dynamical processes as illustrated by the E region diurnal 
variation in the Mg + density. 

We believe that the theory of the distribution of metallic 
ions at mid-latitude is not properly understood. Numerical 
modeling of the Mg + transport in the equatorial region should 
be able to test quantitatively if the fountain effect can repro- 
duce the main features of the diurnal, latitudinal, and altitude 
distribution reported in this paper. 
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