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Perturbations in the structure or the neutral atmosphere were measured in narrow latitude bands near 
the dayside pola r cusp by mass spectrometers aboard the S3-1 and Esro 4 satellites. The disturbances are 
characterized by an in-phase variation or both the lighter and the heavier species. They are observed to 
occur in latitude bands or about 50 _100 extent in the altit ude region or 200 km during periods or increased 
geomagnetic activity. It is suggested that thermospheric winds driven by momentum sources associated 
with ion convection are the predominant cause ror these disturbances. The narrow structure rea tures 
associated with the momentum source are superimposed on the thermospheric changes caused by Joule 
heating. Both effects may be present simultaneously. resulting in a complex response pattern or the neutral 
gas composition in the thermosphere. 

I t is well kriown that geomagnetic disturbances cause severe 
changes in the neutral atmospheric composition [Tauesch et 
al.. /971; Trillks et al.. 1975, 1976; WulJ-Mathies et al., 1975; 
Jacchia et al.. 1976; Phi/brick, 1976; Philbrick et al. , 1977; 
Paller et al.. 1976]. Joule heating and pa~ticle precipitation are 
generally considered to be the most imrortant energy sources 
within the auroral oval [Cole , 1971. 1975; Hays et at. , 1973]. 
The atmospheric response to this energy deposition was calcu
lated by Mayr and Vo{/and [1973] and by Mayr and Hedin 
[1977] employing a three-dimensional I1'!Jlticomponent model. 
These calculations predict increased p.-, ,] and [Ar] densities 
accompanied by a decrease in [He] and small changes in [0], 
in substantial agreement with the measurements. 

Perturbations of the neutral atmosphere have been observed 
by the neutral gas mass spectrometers aboard the S3-i satellite 
and the Esro 4 satellite which cannot he explained as a re
sponse to the above-mentioned Joule heating or particle pre
cipitation sources. In this paper, we prcsent two examples of 
the effect which have been observed near 200 km and slightly 
poleward of the dayside polar cusp. In one case a strong and 
simultaneous decrease in [0 + 20.], [N.J, and [Ar] was ob
served. A nother event showed a strong decrease in [He] arid [0 
+ 20.], a slight decrease in [N.]. and all increase in [Ar]. 

I n Figure I the fi rst example is presented. The ambient 
number densities obtained by the closed ion source mass spec
trometer (MSI) on the S3-1 satellite [Philbrick, 1976] are 
plotted versus time, height, geographic latitude, and geomag
netic latitude for an orbit on November II, 1974. At the time 
of the measurement the geomagnetic index Kp had de~reased 
slightly to 6- from a value of 70 6 hours earlier. The Joule 
heating effects associated with the storm period showing a 
decrease of ",30% in [0] with accompanying increases in [N.J 
by a factor of ",2 and [ArJ by a factor of'" 12 near the satellite 
perigee of 160 km have been reported [."hi/brick et al., 1977]. 
Superimposed on this large-scale heating, Figure I shows a 
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localized disturbance characterized by a simultaneous decrease 
in the measured species densiti~s . This same perturbatioh was 
also observed in the density, measurements of an accelerometer 
and density gauges aboard the satellite (F. A. Marcos, J. P. 
Mcisaac. and C. Rice, private communications, 1976). The 
disturbance is limited to a narrow latitude band centered at 
about 79° geomagnetic latitude. Compared to the smooth 
profile (dashed lines) obtained by extrapolation from the adja
cent latitude regions, the decrease is approximately 45% for [0 
+ 20.], 55% for [N.], and 70% for [Ar). A similar disturbance 
was observed in this region on the orbits preceding and follow
ing the one shown, suggesting that the effect was not a propa
gating wave. 

A nother similar effect was observed by the Esro 4 gas ana
lyzer [Trinks and von Zahn , 1975] and is presented in Figure 2. 
During this measurement the magnetosphere was mild .ly dis
turbed, Kp = 30, with a preceding 3-hour index of Kp = 50. 
The structure is again limited to a harrow latitude band .' In 
contrast to Figure I, this disturbance exhibits an increase in 
[Ar] of approximately 100%, and the other constituents show a 
oecrease. 20% for [N.], 50% for [0 + 20.], and 60% for [He]. 
As in the case of Figure I, the disturbance was observed for 
three orbits near the same invariant laiitude. 

Electric field-induced ion drifis should result in a significant 
momentum source for the acceleration of the neutral atmo
sphere at higher latitudes [Cote. 1971; Fedder and Banks, 1972; 
Wu et aI. , 1974; Richmond and Matsushita, 1975). Neutral wind 
velocities as high as I km/s were observed from the low-G 
acceleration calibration system 0f1 a polar-orbiting satellite 
[DeVries. 1972] and were, in the ' first approximation, attrib
uted to ExBIB' drifts [Wu et al., 1974] . From simultaneous 
measurements of- the neutral/ion mass spectrometer (MSIV) 
on the S3-1 satellite we are able to infer that the ions were 
accelerated by an electric field during the period of these 
measurements. The NO+10+ ratio was near unity at this alti
tude, near 200 km, a nd in this latitude region during a preced
ing period o( 10wKp values. During this disturbed period a 
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Fig. l. Ambient number densities from the S3-1 satellite of molecular nitrogen, total oxygen, and argon, and the mass 
density measured and calculated from the Jacchia [1971] model are plotted versus universal time, height, geographic lati
tude, and geomagnetic latitude. The dashed lines are extended from higher and lower latitude to compare the disturbance 
centered at 2246:50 UT. 

sharp trough is observed in the 0+ density over a latitude 
band which is wider than but centered on the neutral atmo
spheric structure shown in Figure I. The NO+/0+ ratio in this 
trough is about 100 with NO+ densities only slightly different 
from the undisturbed case. From the studies by Banks et al. 
[1974] and Schunk et al. [1975) an effective perpendicular 
electric field of about 100 mY m-I can be inferred in this 
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UT (7 Apr 1974) 10:06 10:11 10:16 

LST (hours) 23.7 21.8 12.5 12.2 12.1 

HEIGHT (km) 208.7 207.4 210.5 

GEOGR LAT N 79' 88' 81 ' 71' 61' 

region. Electric fields of this magnitude and greater frequently 
are known to drive polar ionospheric current systems [Hepp
ner et al., 1971; Cauffman and Gurnett, 1971). 

Composition effects associated with winds driven by ion 
convection have been estimated in the literature [Mayr and 
Vol/and, 1974). I n this model, which dealt with local time and 
longitudinal averages, the momentum source was purely zonal 
and, as such, divergence-free. However, because of the coriolis 
force the zonal winds are coupled with the meridional wind 
component, which was.. capable of transporting mass and en
ergy. The results showed for the 'mode' P20 a maximum in the 
temperature amplitud" near 130 km which was due to adia
batic heating (or cooliilg) from the wind field. The density 
variations of both 0 and N2 were in phase, qualitatively con
sistent with the observations presented here. In a recent paper 
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Fig. 2. Ambient number densities of molecular nitrogen, total Fig. 3. Diagram illuslr:,ting the energy (£) and mass (1/1) budgets 
oxygen, argon, and helium from the Esro 4 gas analyzer versus univer for (a) louie heating and (b) momentum source. The symbols T, N" 
sal time, height, and geographic coordinates. The disturbance is cen and He refer to disturbances of temperature, N, concentration, and 
tered at 1011 UT. He concentration . 
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[Mayr and Harris, 1977] these calculations have been extended 
to include local time variations br the thermospheric densities 
of He, 0, N., and Ar at high latitudes, which is more realistic. 
The 2onclusions were basicaJJy the same and showed that 
momentum sources (I) affect primarily the temperature near 
130 km and (2) produce density variations essentially in phase 
for all species. 

I n the presence of electric fields, momentum sources associ
ated with ion drirts are closely related to Joule heating. Both 
mechanisms depend on the difference between ion and neutral 
velocities which in turn are driven by electrodynamic and 
thermodynamic forces. I n discussing the data it is useful to 
envision the characteristics of these processes as they affect the 
neutral composition. Figure 3 describes the two source charac
teristics in schematic form: (I) With an energy input due to 
JouJe heating (Q) the temperature and pressure increase, driv
ing a wind system that removes energy (£) and mass (m) 

(Figure 30) . The energy loss is smaller than the initiating 
source, but it damps the resulting temperature increase. The 
densities of heavier species such as [N.] and [Ar] which are 
strongly controlled by temperature effects thus increase. Mass 
transport (M) due to wind-induced diffusion redistributes the 
minor and lighter constituents. Since there is no resupply, 
except by thermal expansion, which is less important for 
lighter species, the concentrations of He and 0 decrease, thus 
producing an anticorrelation between lighter and heavier spe
cies. (2) When the wind system is driven by momentum 
sources alone (Figure 3b), energy and mass are again removed 
(or supplied, depending on the wind direction). However, the 
difference with respect to Joule heating is that now there is no 
input of external energy (Q = 0), and as a result the temper
ature and densities of the heavier species decrease. The lighter 
and minor species are again depleted by wind-induced diffu
sion. However, while this process was partially cOn-Ipensated 
by thermal expansion in the case of Joule heating (or particle 
precipitation), the temperature effect due to thermal con
traction now augments the depletion by wind-induced diffu
sion. As a result, aJJ species decrease simultaneously, which is 
consistent with the observations presented here. 

In reality, both processes occur simultaneously and interfere 
with each other. This may account for the [Ar] increase and 
the weak [N.] depletions as observed in the Esro 4 data (Figure 
2). The momentum source, with its temperature minimum (or 
maximum) in the lower thermosphere and with density ampli
tudes decreasing at higher altitudes, should be expected to be 
more important at lower altitudes. In contrast, Joule dis
sipation generally produces larger density amplitudes at higher 
altitudes [Mayr and Volland, 1973, 1974]. These properties 
may account for the fact that momentum source signatures 
have not been previously observed from satellite measure
ments at higher altitudes where the effects of Joule heating 
dominate. 

This is supported by our observations: During the entire 
mission of Esro 4 (about 1.5 years) only one event of the kind 
discussed above was found (optical inspection of the density 
plots versus time). It occurred I week before the decay of Esro 
4 when the perigee altitude had decreased from 250 to 207 km. 
On the other hand, above 250-km altitude numerous distur
bances of the neutral compositior. within or close to the day
side cusp were observed characterized by an increase in [N.] 
and [Ar] and a decrease of [0] and [He] [Wulf-Mathies et aI., 
1974]. 

Acknowledgments. We want to thank U. von Zahn for his contin
uous interest and support. We wish to express our appreciation to E. 
Trzcinski. G. A. Faucher, R. E. Mcinerney, and D. Delorey for their 

efforls with the S3-1 experiments and data reduction . We also want to 
thank K. H. Fricke for helpful discussions. One of us (H.T .) is in
debted to the National Academy of Sciences/National Research 
Council of the U.S. for the award of a Post-Doctoral Research Associ
ateship and to Goddard Space Flight Center for hospitality. Part of 
this research was supported through grant WRK 107 of the Bun
desministerium fUr F~rschung und Technologie, Bonn. 

REFERENCES 

Banks. P. M.. R. W. Schunk, and W. J. Raitt, NO+ and 0+ in the high 
latitude F-region. Geophys. Res. Lett., I, 239. 1974. 

Cauffman, D. P., and D. A. Gurnett, Double-probe measurements of 
convection electric fields with the Injun 5 satellite, J. Geophys. Res.. 
76.6014,1971. 

Cole, K. D., Electrodynamic heating and movement of the thermos
phere, Planet. Space Sci. , 19. 59, 1971. 

Cole. K. D., Energy deposition in the thermosphere caused by the 
solar wind, J. Atmos. Terr. Phys .. 37, 939, 1975. 

DeVries, L. L., Analysis and interpretation of density data from the 
low-G accelerometer calibration system (Logacs), Space Res.. 12. 
777, 1972. 

Fedder, J. A., and P. M. Banks, Convection electric fields and polar 
thermospheric winds, J. Geophys. Res., 77, 2328, 1972. 

Hays, P. B.. R. A. Jones, and M. H. Rees, Auroral heating and the 
composition of the neutral atmosphere, Planet. Space Sci .. 21,559, 
1973. 

Heppner, J. P., S. D. Stolarik , and E. M. Wescott, Electric field 
measurements and the identification of currents causing magnetic 
disturbances in the polar cap, J. Geophys. Res., 76,6028, 1971. 

Jacchia, L. G., Revised static models of the thermosphere and ex
osphere with empirical temperature profiles, Spec. Rep. 332. 113 pp .• 
Smithson. Astrophys. Observ., Cambridge, Mass., 1971. 

Jacchia, L. G., J. W. Slowey, and U. von Zahn. Latitude changes of 
composition in the disturbed thermosphere from Esro 4 measure
ments, J. Geophys. Res .. 81, 36, 1976. 

M ayr, H. G., and I. Harris, Electric field momentum coupling between 
magnetosphere and neutral atmosphere, submitted to J. Geophys. 
Res.. 1977. 

Mayr, H. G., and A. E. Hedin, Significance of large-scale circulation 
in magnetic storm characteristics with application to AE-C neutral 
composition data, J. Geophys. Res., 82, 1227, 1977. 

Mayr, H. G., and H. Volland. Magnetic storm characteristics of the 
thermosphere, J. Geophys. Res., 78, 2251, 1973. 

Mayr, H. G., and H. Volland. Magnetic storm dynamics of the ther
mosphere, J. Atmos. Terr. Phys., 36, 2025, 1974. 

Philbrick, C. R., Recent satellite measurements of upper atmospheric 
composition. Space Res.. 16. 289, 1976. 

Philbrick, C. R., J. P. Mcisaac, and G. A. Faucher, Variations in the 
atmospheric composition and density during a geomagnetic storm. 
Spote Res., 17, 349. 1977. 

Potter, W. E., D. C. Kayser, and K. Mauersberger. Direct measure
ments of neutral wave characteristics in the thermosphere. J. 
Geophys. Res.. 81. 5002, 1976. 

Richmond, A. D., and S. Matsushita, Thermospheric response to a 
magnetic substorm, J. Geophys. Res., 80. 2839. 1975. 

Schunk, R. W .. w. J. Raitt, and P. M. Banks. Effect of electric fields 
on the daytime high;latitude E and F regions. J. Geophys. Res.. 80. 
3121,1975. 

Taeusch, D. R.. G. R. Carignan, and C. A. Reber. Neutral composi
tion variation above 400 kilometers during a magnetic storm. J. 
Geophys. Res.. 76. 8318, 1971. 

Trinks, H., and U. von Zahn. The Esro 4 gas analyzer. Rn·. Sci. 
Instrum., 46.213,1975. 

Trinks. H .. K. H. Fricke. U. Laux. G. W. Pro Iss. and U. von Zahn. 
Esro 4 gas analyzer results. 3. Spatial and temporal structure of the 
mid-latitude atmosphere during a geomagnetic storm. J. GeophYJ. 
Res.. 80, 4571 , 1975. 

Trinks. H .• S. Chandra. N. W. Spencer. and U. von Zahn. A two
satellite study of the neutral-a.,tmosphere response to a geomagnetic 
storm. J. Geophys. Res.• 81. 5'013, 1976. 

Wu, S. T., S. S. Matsushita, and L. L. DeVries. An analysis of the 
upper atmospheric wind observed by Logacs. Planet. Space Sci., 22. 
1036, 1974: 

Wulf-Mathies. c.. P. Blum, and H. Trinks, Local composition changes 
in the thermosphere at high latitudes during moderate geomagnetic 
conditions, Space Res., 15.203, 1975 . 

(Received June 27, 1977; 
accepted Decem ber 22, 1977.) 

-. ---------~--~---------------------


