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Simultaneous measurement of ion and neutral motions by 
radar and optical techniques 
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The University o[ Michigan, Ann Arbor, Michigan 

A. E. Belon 

University o[ Alaska, Fairbanks, Alaska 

C. L. Rino 

Stan/ord Research Institute, Menlo Park, Cali[ornia 

(Received October 15, 1973.) 

The results of simultaneous thermospheric neutral wind and ionization drift measurements 
from near College, Alaska (L = 5.6, A = 65 ø) are presented. The neutral wind data were 
obtained by observing the Doppler shift of the 6300 A atomic oxygen line with the 15-cm 
Fabry-Perot interferometer of the Michigan Airglow Observatory which is located tempo- 
rarily at Ester Dome, Alaska. Ionization drifts were measured by the Chatanika incoherent 
scatter radar facility. These simultaneous measurements indicate that in the premidnight sector 
both the neutral wind and the ionization drift are generally westward. This westward ionization 
drift is consistent with the general magnetospheric convection pattern but the measured neutral 
wind is in a direction opposite to the diurnal pressure gradients and thus must be driven by ion 
drag. In the postmidnight sector the ionization drift tums eastward while the neutral wind 
direction tums south. Again, the ion drift is consistent with previously published results; the 
reasons for the absence of significant zonal neutral winds and the significant southward meridional 
wind in the postmidnight sector are not well understeod at this time, but are probably a 
combination of a decrease in the ion drag force following magnetic midnight, Coriolis force, 
and pressure gradients due to both the diurnal and auroral heat sources. 

INTRODUCTION 

During the last few years it has become clear that 
upper atmospheric motions play an important role 
in determining the structure, chemistry, and ener- 
getics of the thermosphere. Rishbeth [1972] has re- 
cently reviewed and summarized our present under- 
standing of these thermospheric winds. Theoretical 
calculations of the global neutral wind systems have 
most often been based on solutions of the neutral gas 
momentum equation, using pressure gradients ob- 
tained from models [e.g., Geisler, 1967; Kohl and 
King, 1967; Challinor, 1970.; Blum and Harris, 
1973]. The equation of motion for the neutral gas 
involves the ion velocity; thus, more recent calcula- 
tions have attempted to solve the simultaneous mo- 
mentum equations for both the neutrals and the ions. 
The ion velocity is strongly influenced by the presence 

Copyright ¸ 1974 by the American Geophysical Union. 

of electric fields; however, until very recently little 
was known about these fields so they were ignored 
in most 'calculations. Assuming typical convection 
electric field values, Fedder and Banks [1972] and 
Banks [1972] calculated the influence of electric 
fields, perpendicular to the magnetic field lines, on 
the neutral winds. They neglected pressure gradients 
and their results are probably only representative of 
the initial response of the atmosphere to an applied 
electric field. Nevertheless, their work [also see Cole, 
1971] clearly indicates that thermospheric winds are 
greatly influenced by electric fields of magnetospheric 
origin; therefore, realistic wind calculations must in- 
clude these effects. Recent experimental data [Hays 
and Roble, 1971; Rees, 1971; Meriwether et al., 
1973] indicate that the actual thermospheric wind 
system is not described by presently published simpli- 
fied calculations; the major discrepancies are related 
to the direction and magnitude of the wind at middle 

315 



316 NAGY, CICERONE, HAYS, McWATTERS, MERIWETHER, BELON, AND RINO 

and high latitudes (e.g., measured winds blow to the 
west in the evenings, which is opposite to the direc- 
tion obtained from calculations based on model 
pressure gradients). 

The purpose of this brief paper is to present some 
results of simultaneous measurements o.f ionization 

drifts and of neutral winds in the thermosphere. By 
measuring these quantities simultaneously in the same 
locality we are attempting to determine the factors 
which control the respective motions. Accordingly, 
our discussion focuses attention on the gross features 
of the results, with detailed discussions to follow in a 
subsequent paper. 

RESULTS AND METHOD OF MEASUREMENTS 

The neutral wind measurements were made by ob- 
serving the Doppler shift of the 6300 A line of atomic 
oxygen with the six-in. Fabry-Perot interferometer 
of the Michigan Airglow Observatory, which is lo- 
cated temporarily at Ester Dome, near College, 
Alaska (L = 5.6, A -- 65ø). The basic facility 
[Roble, 1969; Hays et al., 1969] and the general ob- 
serving technique for midlatitudes have been de- 
scribed previously [Hays and Roble, 1971]. The 
method of scanning the line profile with the inter- 
ferometer was changed in 1972 to a discrete wave- 
length (density) scan [McWa'tters et al., 1973] to 
provide improved data quality and time resolution. 
Details of the modified system and data reduction 
method will be described in a later paper; it will 
suffice for the present to point out that typically it 
took about ten minutes to measure the wind com- 
ponent in a given direction. Additional explanation 
of the data-taking procedure accompanies the re- 
sults to follow. 

Motions of the ionospheric plasma were meas- 
ured by the radar incoherent scatter technique. 
Underlying theory and general nature of this opera- 
tion have been reviewed by Evans [1969] and Evans 
[1972]. The observations reported here were car- 
ried out with the Chatanika Radar Facility located 
near College, Alaska. Both the facility [Leadabrand 
et al., 1972] and the measurement technique 
[Doupnik et al., 1972; Banks et al., 1973] have been 
described previously in the literature. 

Figures 1 and 2 show both interferometer and 
radar results for the night of February 26-27, 1973 
in the form of the respective zonal components of 
the neutral winds and ionization drifts, plotted versus 
universal time. Magnetic local time is also shown on 
the horizontal axes, as is local midnight. Figures 3 
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Fig. 1. Zonal (geomagnetic east-west) neutral winds meas- 
ured at College, Alaska, plotted versus universal time Feb- 
ruary 27, '1973. The neutral winds were deduced from 
Doppler shifts of the 6300 A atomic oxygen line observed 
by the Fabry-Perot interferometer of the Michigan Airglow 
Observatory. Each datum point corresponds to an integration 
of 20 min. The dashed curve is a smoothed fit to the data 

and was used to construct vector velocity diagrams. A de- 
notes local midnight. 

and 4 show the corresponding meridional compo- 
nents and total vectors follow in Figure 5. The data 
appearing in Figures 1 through 5 were gathered in 
the following manner. Starting at about 0700 UT both 
the radar and the interferometer were changing their 
observing directions in synchronism. We spent ten 
minutes making observations in each direction in 
the following cycle- magnetic east, west, east, west, 
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Fig. 2. Zonal (geomagnetic east-west) ionization drifts 
measured at College, Alaska, plotted versus universal time 
February 27, 1973. The ionization drifts were measured by 
the Chatanika incoherent scatter radar, and the data bars 
result from $-min integrations (westward drifts, 230 km). 
The dashed curve is a smooth fit to the data and was used 

to construct vector velocity diagrams..A denotes local mid- 
night. 
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Fig. 3. Meridional (geomagnetic north-south) neutral 
winds measured at College, Alaska, on February 27, 1973. 

zenith, north, south. The elevation angle of the radar 
was 70 ø to zenith while the elevation angle of the 
interferometer was 45ø; thus the measured ion and 
neutral gas motions correspond to a spatial scale of 
about 150 and 400 km, respectively. Observations 
were carried out until about 1400 UT. The plotted 
radar data is of the quality and form as previously 
published Chatanika results [e.g., Doupnik et al., 
1972; Banks et al., 1973], but the neutral wind data 
is hand-reduced and carries an uncertainty which 
may be as great as 50 m sec -•. It should be empha- 
sized that this is not the fundamental accuracy of 
the measurement, but this is the result of the data 
reduction scheme employed. The meridional and 
zonal winds plotted are obtained by measuring the 
difference in the Doppler shift between the north- 
south and east-west. observations respectively. This 
means that the results represent a mean wind over 
a distance of about 400 km. Auroral 6300 A emis- 

sion originates around the 200-km region [e.g., Rees 
et al., 1967]; therefore the measured winds are also 
representative of that altitude region. It should be 
noted that because of viscosity, the change in neu- 
tral wind speed and direction is expected to be small 
above about 200 km [e.g., Rishbeth, 1972]. The 
broken curve in Figure 1 represents a time-smooth- 
ing of the results and was used in replotting these 
data in Figure 5. 

Figure 2 shows the measured zonal (magnetic west 
to east) ionization drifts from an altitude of 230 km 
(radar range gate 3, with an elevation angle of 70 ø). 
Individual data points shown on this graph are five- 
min integrations over a large number (about 22,500) 
of radar pulses. The broken curve drawn through 
the data envelope represents a rather gross time- 

smoothing of the results; this curve was used in pre- 
paring Figure 5. The motivation for drawing this 
curve was to display the behavior of the radar re- 
sults over time scales (approximately one hr) com- 
patible with changes in the neutral thermospheric 
wind velocity. 

The most obvious features of the curves of Fig- 
ures 1 and 2 are the following. (a) A large westward 
drift (about 500 m sec -•) of ionization prior to 
magnetic midnight. This motion, driven by the E x 
B/IBI force, leads us to infer a northward electric 
field component of approximately 25 mv m -•. This 
westward drift before magnetic midnight and the 
subsequent reversal toward the east are in accord 
with generally accepted magnetospheric convection 
patterns [e.g., Ax[ord, 1969]. (b) Also, during the 
same premagnetic midnight time period one sees a 
large (150 m sec -•) westward neutral wind. It should 
be noted that one would expect an opposite flow 
from the diurnal pressure gradients. 

Figures 3 and 4 present the meridional motions 
measured on the same night. The major feature of 
Figure 3 which strikes the eye is the neutral wind 
blowing toward the south in the postmagnetic mid- 
night sector. This wind attained a speed of about 150 
m sec -• in the early morning hours. From Figure 4 
one first notes that the observed meridional motions 
of the ionization were rather erratic. The time- 

smoothed (broken) curve indicates a small south- 
ward motion before 1100 UT, then a pronounced 
southward flow of perhaps 300 m sec -• around 120'0 
UT, followed by a sudden reversal to. northward 
drifts. 

Polar plots of the neutral wind and ionization drift 
vectors are shown in Figure 5 for the data of Feb- 
ruary 26-27, 1973. On these plots magnetic time 
increases in the counterclockwise direction and geo- 
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Fig. 4. Meridional (geomagnetic no.rth-south) ionization 
drifts measured at College, Alaska, on February 27, 1973 

(northward drifts, 230 km). 
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Fig. 5. Polar plots of the horizontal neutral wind (solid 
arrows) and ionization drift vectors (dashed arrows) meas- 
ured at College, Alaska, on February 27, 1973. The velocity 
scale is indicated by the arrow below the figure, which 
corresponds to 400 m sec -x. Geomagnetic latitude increases 
toward the origin which is the geomagnetic pole. Magnetic 
time increases counter-clockwise and the shaded region 
represents the general convection region deduced on a sta- 

tistical basis by Meriwether et al. [1973]. 

magnetic latitude increases toward the origin, which 
is the geomagnetic north pole. Solid arrows represent 
the measured thermospheric neutral wind vectors 
and broken arrows are the measured ionization drift 

vectors; the magnitude of each vector is determined 
by comparison with the length of a 400 m sec -• vec- 
tor shown in the legend. The tail of each vector lies 
at the center of the time interval over which the 

vector was measured. The figure also shows the 
locus of College, Alaska and a general region of 
convection determined by Meriwether et al. [1973] 
based on electric field measurements from OGO-6 

by Heppner [1972]. From this figure one sees an 
often-repeated pattern: neutral winds are westward 
in the dusk sector, becoming southward by magnetic 
midnight, afterward increasing and usually gaining 
some eastward component. The drift of ionization 
performs a similar rotation: the large westward mo- 
tion present in the evening sector swings toward the 
south by magnetic midnight and eventually rotates 
toward east and north. 

To show the repeatability of the neutral wind 
observations we display in Figure 6 neutral wind 

vectors measured on five nights in 1972. Kp indices 
are also noted in each three-hour interval. The 

thermospheric winds observed on January 22, Feb- 
ruary 25, February 28, and March 2, 1972 display 
the same general pattern already noted, a rotation 
of the wind vector from westward in the premidnight 
sector toward south and later to the east in the early 
morning hours. The observations made on February 
17, 1972 show some winds which do not follow the 
general pattern. 

While the gross features of the observations are 
present during each experiment on most occasions, 
there are certainly variations from day to day. In 
Figure 7 the neutral wind and ionization drift vec- 
tors observed on March 3, 1973 are shown in the 
same format as Figure 5. The ionization drift vectors 
display the oft-repeated behavior except for the 
northward component seen temporarily at 2100 UT. 
On the other hand the neutral winds are northward 

and even show a slight eastward orientation just 
before 2130 UT, after which time the more com- 
mon rotation pattern is evident. 

From Figure 8, data from March 22, 1973, one 
sees the neutral wind vector following a regular ro- 
tation pattern, westward before magnetic midnight, 
then to the south. But the pattern of observed ioni- 
zation drifts was not that commonly recorded; the 
westward drifts in the premidnight sector intensi- 
fied around midnight rather than reversing. It should 
be noted that a 1000 ¾ negative bay was observed at 
0100 UT on the College, Alaska magnetogram H 
trace. 

DISCUSSIOl• 

The major features of our simultaneous measure- 
ments of neutral thermospheric winds and ionization 
drift velocities are the following. 

(1) In the premagnetic midnight sector the ob- 
served ionization drifts are generally directed toward 
the west. Around magnetic midnight a reversal to 
eastward drifts is commonly seen. This pattern ac- 
cords with the generally accepted view of magneto- 
spheric convection and with other radar observations 
[e.g., Doupnik et al., 1972; Banks, et al., 1973]. 

(2) In .the premagnetic midnight sector the neu- 
tral zonal winds blow toward the west, apparently 
driven by the ionization motion. At the same time 
neutral meridional winds do not appear to be con- 
trolled by the ionization drifts which are considerably 
smaller than the corresponding east-west drifts. After 
magnetic midnight the neutral zonal winds are not 
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Fig. 6. Horizontal neutral wind vector measurements for a number of representa- 
tive nights during the 1972 observing season at College, Alaska. The magnitude 
of the measured winds is proportional to the length of the arrows; the horizontal 
arrow in the legend near the bottom corresponds to 250 m sec -x. The arrow direc- 
tions represent the direction of the measured winds; magnetic north is toward the 
top of the figure while west is to the left. The circles at the top of each arrow indi- 

cate the uncertainty in the data, which is about 50 m sec -x. 

significant and do not show the same reversal ex- 
hibited by the ionization drifts. Thus, either a coun- 
tervailing force reduces the extent of control exerted 
by the ionization drifts or the absolute strength of the 
ion drag force is greatly diminished around magnetic 
midnight. The latter would result if there were a 
regular sudden decrease in electron density at ther- 
mospheric altitudes, but a preliminary examination 
of ionospheric data does not support this suggestion. 
Brekke e't al. (1973) havd reported that it is com- 
mon for the postmidnight eastward ionization drift to 
be less than the premidnight westward motion, which 
of course also results in a reduced drag force on the 
neutral gas. 

(3) Significant departures from the often observed 

features just stated are observed, for example' the 
continuation and intensification of the westward 

ionization drift past magnetic midnight on March 22, 
1973, and the neutral winds observed in the evening 
hours on March 3, 1973. 

A complete explanation of experimental data such 
as that presented in this paper will probably have to 
consider several possible driving mechanisms acting 
in combination' ionization drifts due to magneto- 
spheric convection electric fields, diurnal pressure 
gradients due to solar heat deposited in the thermo- 
sphere, energy input from auroral activity, both Joule 
heating and deposition by fast particles, and Coriolis 
forces. While complete quantitative explanations of 
the data are not possible at this time the bases of 
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Fig. 7. Polar graphs of horizontal neutral winds and ioni- 
zation drifts measured on March 3, 1973. The format is that 

of Figure 5. 
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Fig. 8. Polar graphs of horizontal neutral winds and ioni- 
zation drifts measured on March 22, 1973. The format is that 

of Figure 5. 

such investigations are becoming available. For ex- 
ample, we have recently turned toward the model 
neutral atmosphere generated from OGO-6 neutral 
mass spectrometer data [Hedin et al., 1973] and have 
found that one would expect neutral winds to blow 
toward the south beginning around magnetic mid- 
night and increasing thereafter (B. Hinton, private 
communication, 1973). This prediction corresponds 
to the data shown, for example, in Figure 3 and is 
based on the total pressure gradients one computes 
for the College, Alaska location from the OGO-6 
model atmosphere, which includes perturbation 
(auroral) heating and long-term average behavior. 

To conclude, simultaneous measurements of neu- 
tral winds in the thermosphere and of ionization 
drift velocities, when properly interpreted, can be 
used to identify the driving forces behind the mo- 
tions. Such interpretations are complicated, however, 
and must utilize relevant theory of neutral atmos- 
phere dynamics, electrodynamics, and other experi- 
mental data as available, e.g., records of magnetic 
activity and other optical observations of auroral 
activity. 
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