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ABSTRACT

Theoretical model and data analysis of DE-2 observations for determining
the correlation between the neutral wave activity and plasma irregularities have
" been presented. The relationships between the observed struéture of the
sources, precipitation and Joule heating, and the fluctuations in neutral and
plasma parameters are obtained by analyzing two measurements of neutral
atmospheric wave activity and plasma irregularities by DE—2 during perigee
passes at an altitude on the order of 300-350 km ovér the polar cap. Though it
is still not clear whether one can conclude from these relationships that t,hes'e
perturbations arise from the Joule heating and precipitation, a theoretical model
based on therma-lbnonlinearity (Joule heating) to give mode-mode coupling is
developed to explore the role of neutral distﬁrbance (winds and gravity waves)

on the generation of plasma irregularities.



_I. Introduction -

~'NASA'aw‘arded a 'researi:h grzint (Gi‘ant. No. NASA - NAGS5-479) bearing
the title "A Moi*phdlogical Study of VVav.es in the Therinosphere Using DE-2
Observations”, to the Polytechnié Institute of New York with Prbressor Sr,anleir .
H Grpss as the Piiir_icipal Investigator for one year beginning September_ 1,
1984. Under the support of ‘~t,his.reseai’ch‘ grant, a number of investigations
have been pui‘sued. -_The 1nvéstigation covered by the grant deals with ciata
é.nalysis of DE—2 obs'ei'vations fbf determihini;» the cor_relaiion between‘ the Iieu--
tral wave activity and plasmdirregularities. The aim of this study is to lead us
to identify the source of pexji,urbai,ior_is,' its structure and chai‘acteristicé. More-
over, it'is a_ilso our intentioh to. dévelbp theoretical models for u'nderstanlding
the i:oup_ling bet\ifeen the nveutral. waves and f{the. plasma irrégularities and for
' interpreting wavel properties 6btained from méasuremenis, si) as to characterize

and interpret the observed disturbances.

At présent, two .meas;urement,s of neutral atmospheric 'wave acti'vityAa.nd
pla'sméi irregularities by DE—é during perigeie pésses at an altitude on the ordei‘
of 300—350_» K‘m over i;lle polar cap are analyzevd. Thej are for September 5,
1981 at 21:13 UT (da& 81248) and October 15, “1981.-at,(.):51 UT (day 81288).
Magﬁetic activity on-nh-e »flrst, day was modest. _The kP »was 2 in the seilenth v
three hour period (18:00 to 21:00 UT) and 3, for the next three hour perio'd

(21:00 to 24:00 UT). The second case was at the start of a day that followed a

day of considerable activity, October 14, 1981, in which kP reached 8. The kP = -

index was 6_ rroni 21:06 to 24:00 UT on that 'dziy, but decreased to 3 from 0:00

" to 3:00 UT on Oct,obér 15, 1981,lwhich interiral covered the time of the second
case. 'The-éﬁ”ect of the previous day's activity was therefore quite_evident in
the measured data.‘ The calculéted Joule heatirig flux was found to be about .

- twice as great on the October 15 pass than it was on the September pass.
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Of interest -here is the relationship bétween the observed structure of the

sources, precipitation and Joule heating, and the fluctuations- in the neutral and

plasma parameters Comparisons are made between perturbations or tempera—-

ture, densities, electric fleld -turbulence, neutral winds, neutral _densities,‘_- :

between. wavelihe behavror in neutral densxties and irregularities in ion density,‘

‘all as related to these source structures and as related to each other. - Though'
some relationships are found, it is not clear, as yet, whether these perturbations
arise from the Joule heating and precrpitation They may also be agsociated
with the structure of the: convection. cells at the tme, and measurements. are .
needed to Aclarify-this point. : A'preliminary theoretical _model based-on thermal_ '
ponlinearity (Joule heating) is also developed to explorei the role of neutral dis-
trubance (winds‘ and gravity waves) on the Qenel'ation of plasma irregularities; .
~In section II of this report- the background of the researcha.a'rea' is dis-
cussed. Section III piesents the results of Data Analysis on the two measure-
ments of DE—2 perigee passes- The theoretlcal study on the generation ofA
- plasma irregularities by collisronal coupling of the neutral S velocity perturba- -

tions to the ionospheric plasma is glven in Section IV.
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I1. Background of the Research Area
1.0 Background |

Wave-like pert,urb'abions of constituents in the thermosphere are det,e_c'ted‘
by measurements of the ioanp_here by ground facilities and by instrumentation
on board satellites measuring bdthrneutral and ionospheric parameters. Pertur—

bations of 1omzatlon are known as mavelmg ionospheric. disturbances (TID's)

(Hines, 1974 Geoxges, 1968 Yeh and Liu, 1974). A number of reports of

large scale TID's (from hundreds to thousands of km) have suggested that they
originate from high latitude regions during auroral substorms (Thome, 1968;

Davis and de Rosa, 1969; Testud et al., 1975). These waves are believed to be |

. caused by heat and momentum input into the atmosphere in the auroral zones

from pa,rticle' precipitation and Joule heating (Vickrey et al., 1982; Wickwar, et
al., (1975). Their origins have been reviewed by Hunsucker (1982). Studies
have also been made of these waves in association with magnetic storms by

Richmond and Matsushita, (1975), Mayr and Volland, (1973) and Prolss,

" (1982).

Medium scale TID's (from tens to hundreds of km) are also observed but
their sources have not been well identifled, though it is believed that meteoro-

logical phenomena may produce many of them. Larsen et al., (1982) have

~ associated thunderstorms. with these waves. Mastrantonio et al., (1978) have

also associated these waves with Jet streams in the atmosphere, and Bertin et .
al., (1978) have detected waves related to the Jet stream. Awuroral sources are

also believed to be the cause of many of these disturbances (Georges, 1968).

" The characteristics of all these are found to be generally in accordance with

gravity wave theory (Hines_, 1974) which has received som'e direct support from '

~ satellite measurements on boardExplorer 32 (Dyson et al.,, 19700 and Atmos-

- pheric Explo'rer AE-C (Reber et al.,, 1975; Gross, 1980, 1984; Gross and
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Hﬁ'ang, 1984; Gross et al.,, 1980, 198121 and b, 1982, and 1984; Huang et al.,
1980; Hoegy et al., '1.970). It is believed that the neutrals are pert,ilrbed'by

gravity waves as a resulc.of localized sources of heating and momentum, and

the neutrals, in turn, drive the ionization through collisions and temperature »
perturbations to produce these TID's. Gravity waQe theory is eoncerned ‘with

two -types of waves called gravity waves and a_coust,ic-gravlty waves. Acoustic-

gravity waves make up the upper frequency branch and gravity waves the lower

- frequency branch of the hydrodynarﬁical s&stem in which both gravity (buo&—"
ancy) and compressibility act as restoring forces. The upper branch becomes

identical to ordinary sound waves in the audio rrequeney range, but at its

lo”west, frequencies, such waves are called "infrasonic waves." This br.anch has a |
lower cutpﬁ‘ I‘requency called the “acoustic cutoff frequehcy," and there is a-
.cutoﬁ region below this frequency which separates the tWo branches.  The

lower end of the cutoff band, whicﬁ -is the upper limit of the gravity wave

branch, is called the "buoyancy Afrequency." The cutoff band is determined by
the tempera_ture'and its vex'bieal g-radient, and by the mean molecular mass_of'
the medium, so‘that it varies somewhat with alti_tude.v The cutoff band is fela-

tively narrow, and pel'iods within it range from about several minu‘tes_at low .
altitudes to fI_‘_omv 10 to 15 minuf,es at“ higher altitudee, depending on 't/em_pera-,
ture. The periods 'of gravity waves then range f_rem the period of the buoyancy
frequency to many houl‘é, whereas thoSe_ of acoustic-gravity waves range from
the acoest,ic' euvtoﬁ” peried to  periods of seconds' and_less. In the gravity wa;fe
branch, long period wa&es usually have _la_rge horizontal wavelengths and -
shorter periods smaller wavelengths (Huns‘ucker,>1982; Mobrgan and Tedd,
- '1983).

Though fluctuations in ionization in the thermosphere have been measﬁred

both on the greund and by satellite borne instrumentation, the detection of
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wave-iike perturbatiox_ls of neutral constituents in the tlilermo.sphere depends
mosfly on access by rockéts and' »satellit,es. Radar is used only up to an altitude
of about ]:00 km for neutrals. Satellite borne expe‘l'iﬁlents have detect,ed.wave-
like pe‘rturbations, both in total neumfal density and temperdture; for exvamp)é, .
_ ESRO 4 (Prolés and Von Zahn, 1974a and b; Trinks and Mayr, 1976) OGO 6
(Reber and Hedin, 1974; Taeusch et al, 1071), - AEROS-A (Chandra and
Spencer, 1975 and 1976; Trinks et al.,, 1976), AE-C (Reber et al., 1975; Potter
et al., 1976; and the Val_'io'us .papers authored or co-authored by Gross in the
references) Iahd DE-2 (Hoegy et al,, 1981). | -The density variation of indiyidu’al
- species, namely, nim'og'en, v-olxygen, lielium and argon, have also been' measured
‘on board ESRO 4 , AEROS-A, AE-C, AE-E, and DE-2. Vertical velocity vari-
'1a,tions of these species have also_.bee_h measured by AE-C, AE-E, and’velocity .

variations by D E-2.
2.0 Source Problem and Energy Distribution

2.1 High Altitude Sources

Wo_rldwide -temperatmp increases in the tliermosphere during magnet_ié dis-
turbances ha&e been observed by maﬁy resea.rche.rs (Jacchia et al,, 1967; Roe-
mer, 1971; Reber ahd Hedin, 1974; _Chandra and Spencer, 1976; ahd Others).
bTh,ese distﬁrbances are believed to be .the.vsource for many gravity‘waves
observéd in v.th_e therm'osp‘here ‘at, mid and low-latitudes. The basis for this
beiief stems from observations éf TID'é‘ by ioﬁosounders (for example, Klos‘-
termeyer, 1_069),' by incoherent baékscatter systems (Testud, ‘1970; Thbme,
1988; Testud et al., 1975) and by Doppler sounders (Geo‘rges, 1968) that detect
these distrubanceé movingvt,o\‘yaxb'dtthev equator with speeds rangivhg from 200-
700 m/sec. The. revlat'ionshibs 'betwéeh therméspheric neutral particle effects

and magnetic activity is inferred as well from the correlations of measured data
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with ,sﬁofm evenfs; (Trinks et al., 1975 ahd 1976; Chandra and Spencer, 1975
" and 1976). Wa.veé'have also been observed in assoclation with auroral sub-
storms in the evening section (Davis, 1971), though it has been suggest,ed that
some 6bséfved in the daytime may rise f_rom the preclpipation of soft particles

about the cusp region (Trinks et al., 1975). ~

: Two ’mechanis_ms ih the auroral zone are considered to be the sources for
the‘vs‘/aves. These are Joule heating due to’electrojet, current dissipation in the
ionosphere and momentum disturbar;ces’arlslng‘from the Lorentz force (Cﬁi-
- monas and Hines, 1970; Cole, 197'1'; Teslt,ud,' .1976; Richmond and Matsushita,
1975; Roble et al., 1'978; Richmond, 1979; Prélss, ‘19‘82) moving at supersonic _
spee_ds ,(Chim.ox.las and Peltief, 1970) and heat_irig due to vpa,rticle precipitation
(Hays et alf, 1973). Nevertheless, 'it, is generally accepted that the‘important
mechanisms at work are mainly Jbule heating and the Lorentz force i»n the E
region (see Hunsucker, 1982). Gross et al.,, (1984), however, suggest that
heating by particle précipitatibn' in the F~region méy also be at work producing
waves observed by AE-C and AE—E. The stx.'ucture' df diffuse aurora caused by .
lower energy barticles (Lui et al.,, 1982) reinforces this ldea._ Furthermox;e,
Hunsucker, (1983) finds that there is no appérént correlation between TIDs
-and magnetograms, except for large.magnetic stofms, suggesting that 'E ‘reg'ion
- sources may not be at work when magnetic activity is below som‘é.th'reshbld.- i
New eviden(_:e of Morgﬁn, (1983) may oben such inatbers for further considera-
tio.'n.‘ Anderson et al., (1982) propose that wind shears In the equatorial zone

of the F'reglo'n could also generate gravity waves in the thermosphere.

The eneérgy input to the thermosphere from high latitudinal regions is
believed to be significant relative to solar EUV input to the thermbsphere'
(Ching and Chiu, 1973). The high latitude input is therefore of great impor-

tance to the physics of this layer, and the manner in Whlch.the energy is glo; N
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bally distributed to lower latitudes must bé undevrstood. Two maJo.r transport
processes are favored; one is based on Lhe‘thermospherch winds, the other on.
waves. It is very likely that both play a role (Klostermeyer, 1973; Chandra and’
Spencer, 19768; Mayr and Volland, 1972 and 1973). Waves distribute their
energy th‘rdugh dissipation by viscosity, thermal.co'ndué_tivit,y, fon drag, wave-
wave coupling and wind lnbera.ctiohs. The extent of transport of energy and
momentuin by waves is of interest here. Richmond and Roble, (1979) esti-
mate 2-4 X _1015 J can generate gravity waves capable of producing ob‘ser?{ed
lonospheric disturbances at Millstone Hill and A.x;écibo incoherent scatter radar :_

facilities.

2.2 Low Altftude Sources

Evidené'e that gravity waves in the thermosphere also oflginate in thé
lower atmosphere. has been reported by Baker and D avies, (1969), Davies. and
Jones, (1971), Chimd_nas and Peltier, (1974) and Prasad etval., (1975). These |
' inveétigapors have l‘ound co‘nnection between the 'thermospheric disturbances
and severé‘ thunderstorn activipy at nlid;altitudes. Others have also found
correlatloﬁs with ground level microbarograms (Bowman and Shrestha, 1966;
K_hah, 1970-; Herron and Montes, 1970; Shrestha, 1971a and b). These lat,ter‘
meteorologically-connected events éppear to have shorter periods than the large :
scale_eveht,s, from about 3 minutes to the order of 1 minute. Waves of such
periods are so-called aco'ust,ic—gravity waves 6f the upper frequency bx;ar'léh of
the.mode. Coupling to the stratosphere has also been noted (Mason, 1968 and"
1976; Fraser and Thorpe, 1976a and b). There have been observations of grav- ..
ity Wa,vés _m 'the thermosphere directly related to Jet stream activity (Gertin et
al., 1978), conflrmmé a suggestion by Mastrantonio et al., (1978). Though evi-
dence of corrclation of Jet stream activity and pressure fluctuations at the

ground is plentiful, correlation with ionization variation would be an lmportant,
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ﬁnding, because of implication as to-the transport and distribution of energy

and momentum.

It m‘ayl be expectecd that met’eorological- sources’ are' relatively common,
though the effects of an individual event may ~be localized (Davies and ._Iones,
1971), .in contrast wi‘th what is believed to be the global-like nature of distur-
bancés éeneratedlin the auroral region. However, the commOn presence or
'waves of scale sizes ranging fiom about 80 km to several hundred kilometers
observed in satellite data (Gross et al., 1980 and 1981b 1982 Gross and -
| Huang, 1984) suggest that consxderable meteorologically generated disturbances
reach the thermosphere ‘In this regard it is important to know what- part or‘
the disturbances are assoc1ated With au101a1 activity. Meterologlcal events (not:
all of which appear to produce waves in the thermos_»phere) ma_y cause the tran-
»sport of energy into the thermosphere in amounts not inappreciable relati\re to '
the solar EUV (Hines, 1965; Testud, 1970; Lindzen and Blake, 1970) If this
much energy can reach the therrnosphere, after oossible partial reflection at
some ‘level and/or: possible. evanescence in some altitude region, such
phenomena may also _be'»vindlc‘:ative o.f the de.potsition.of much more energy"
below the’ thermosphere. The chemistry and. dynarnics_ of the lower thermo- o
- ‘'sphere, mesophere, ‘and stratosphere 'can be "signiﬁcantl'yfmodiﬂed in such
events. The interplay of _tropospheric phe-nomena and these upper regions is of
importance. One aspect may‘ bear‘on the-generation of turbulence and mixing
up to;the turbopause.. Wave efrects on- the turbopause may also be Important
because or the effect of the altltude of the turbopause on the specie distribution

above it (Chandra and Herman, 1969; Chandra and Spencer, 1078).
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111 Measured Data and Analyses

The orbital paths over the polar region are shown in Figure 1 for the two
passes. These are plots of invariant latitude against magnetic local time. The
path for the second day for orbit 1071 on day 81288 passes closer to the mag-

netic pole than that of the flrst day 81248, orbit 492.

Figure 2 is a plot vs time in houi‘s and minutes UT, as well as othgr
'eph;meris information, of the variation of various parameters measured by' phe
'LAPI, VEFI, LANG and WATS lxlstx'ti'llleli_bs for orbit number 492 on day -
81248. The top panel contains parti'cle‘preéipitatlon information in the form 61’ )
the energy flux for electrons with enel-gies as given by the logai‘ibhmic scale on
the left. The flux is not readily obtained from the graph, since the original ldata
'utilfzed a color scale: however, the darker the appearahce, the higher the flux.
‘The highest possible flux of the scale is 1 erg/em?- sec—s_r¥ ev. The second
panel is the turbulence in t,hé electric ﬁeld plotted on 'a logarithmic scale for the
" frequency band 8-16 HZ, shown as dots, and the 4—16 kHz band, shown as 0’s.
The rise in the turbulence is quité evident at.v about 21:13 UT, at whicﬂ time
spikes in the precibitacion flux of 3-4 Kev electrons are quité evident in the
LAPI data. These spikes are probably upward curreht,s, and th‘e reglog is
believed to be the cusp. The third panel is a plot of electron temperature. The
discontinuity and perburbabion at 21:13 UT cénﬁrms the cusp location. The ion '_
density is shoWn in the fourth panel, and a drop in dénsiﬁy as well as irregulari-
“ties ére observed‘ to occur at ébout the same pimé. The fifth and bottom panel
contains both the 1161120115211 aﬁd vertical neutral winds, éoded H and _V, respéc-
tively.‘ Note the rise in the hdriéontal wind at abqut 21?_13 U.T. Also note the
wavelike var_iations in both wind components. The horizontal wind here is
across the orbital pass and is inostly east-west.. The step in the horizontal wind

is not -a true 'dlscohtinuity. It is the result of the change in direction, as-
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designated, on passing over the ggographic pole {note the geographic latitude

89.08%).

| Figure 3 is the same as F;gure 2, but for orbit 1071 on day 81288. The.
extended region of precipitaiton is Quit;e evident a.n_d cont'rasr,s-wlt'h that in Flg-.
ure 2 Note the spikey nat,u‘re of the pre'cipir,at,ion at about about 00;50 UT
which is also associated with the rise in the electric fleld turbulence, the change
in electron témperature and ion density there; as wéll as the rise in the horizon-
tal wind. It is believed that this is the cusp region. There ‘is also considerable
turbulence before this time which undoubt,édly relates to the b_orad.extént of
the. p'recipitation. The winds, elécm'on temperature and ion density also exhibit
considerable variabibn throughout, and ‘the winds appear quite wavelike in their - '

variation.

Figﬁre 4 contains plots of the variations in the maghetic fleld components
“and oné elect_;ic fleld component,, the X component which is along the space-
. craft velocity vector, vs tim‘e in hours é,nd minutes UT for the two days, 81248
on the léft and 81288 on the right. Also on each of the grabhs is a plot of the
integrated doanard Joule heating ﬁux, designated SY in the flgure. Note that
the center of the flux is at 21:13 UT on day-51248 whiéh is the time whe_n the
orbital pat;h.cut,s t,hl;ough the cusp, and at 0:50 UT on'day 81288, also the time .
of travel through that region. The peak Joule heating flux is.about 50 mW/m2
on day 81248, whereas it is about doﬁble, '100 mW/m2 on 81288. The duration
of the Joule heating pulse in orbit at the 10% level, 5mW/m?, is about 53
seconds, about 400 km i.n distance along the orbital track for day 81248. The
Joule heat,_lng puls'e for.day 81288 is actually like a .double puls.e. It,s overall
vduratio.n at Lhé 10% level, 12. m'W/m2 is labout, 120 seconds, 61‘ a distance of

about 900 km along the orbital track.

Figure 5 is a plot of the densities of oxygen, nitrogen, ions and electron
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temperamre vs time in seconds UT.‘and othéx; parameters. Samples are roughly
1 -sevcorbld apart,. The upper graph.ls fo day 81248, whereas thé ld\ver isﬂfor day
81288. These plots show the ele'ct,ron temperature and ion density ,Variaﬁons in
greater (ietﬁil than those in'Figures 2v and 3. For 81288 on the bottom, note
the d-ip in the oxygen density, the rise in the nitrogenvdensit'y, the increase in -
electroh temperatures ‘an_d decrease in ion density, all at about the same time,
the time interval during»Joule heating, about 0:50 .UT. Note also the more gra- |
‘ dual fluctuation of fhe neutral gas densities as contrasted with the irre_gularitjr of
the ion._density‘v .and elect)ron temperature. the neutral density changes are not
very evident for the. Joule heating region 21:_13 UT for 81248, though there is
some .s’mall decrease in bxygen and increase in nitrogen densities. The‘»m»ore
g'radual ﬁuctuat,io‘n of the neutral de_nsir,iés in contrast wit;h.irreguléi'ities in ﬁhé

ion density and electron ten1pei‘ature is also quite apparent.

Figur‘e' 8 is a plét Vs time in seconds UT of thé fluctuations in the densities
~ of the ioms, oxygen and nitrogen for day. 81248, The ﬂuctuat-ions are obtained
-ffom the densities shown in Figure 5 by péssing »the logarithm of the densities
“through a digital bandpa.és_ fllter With a lower cutoff frequency‘ of_ 0.005 Hz,
Which éorrésponds to about 1500 km scale size- along the orbital tfack; and an
upper cutoff frequency of 0.833 Hz; which_é’orresponds to abdut 90 km. Thus,
the fllter passes components of scale size between these limits. The upper
cutoff is used to ﬁlter out noise in phe daté. Some of the _féétures 6verlaip. ‘
Thus, the negative excursion of the oxygen and electron density fluctuations ..
and the rise in the nim‘ogebn density ﬂuctuaiion at a point past the 76350 second |
tick marker is associated with the peak in the Joule'heatirig.‘ Other both smaller
and lar'ger.‘ scale features maLch, thoug.h thgixje are still some differences.
- Regions seem to correlate or anti-correlate m part. Thé fluctuations - are the

relative fluctuations with i'espe'cn to the background. Relative ion density
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fluctuations as large as 43% are obtained, though the mean level is closer to °
20% The -oxygen-relative fluctuations are on the order of 3% whereas that of

nitrogen is closer to 3.5%

Figure 7 shows the IFFT powen spectra of the ﬁ‘u.ct,uat;lons in Figure 6 plot,-
t,ed against, wave peliod 1abher than flequency The only spectral feature that
'_ appears common in che three sp_ectra for this day, 12'48 is one with a period
of about 100 seconds which con-'esponds'to‘ a spatial structure of about 750 km.
This size is roughly twice the scale siie of the -io% lenel of"the Joule heating

pulse in Figure 4 for day 81248, This relationship cou‘ld still be accidental.

Fig—ure's is the same as IFigure 6, but, for day 81288. The same fllter has
been used. The featule associated with Joule heating may be seen Just beyond
the 2977 seconds’ tick mark. - Othex feabules appear to conelate to’ some extent, .

though there is still consldelable dlﬂ"exences

Figure 0 shows the power spectla plotted Vs perlod for the ﬂuctuamons of
Flgure 8 wh1ch is 1‘01 day 81288. Specmal features appear to correlate some-
‘what at about 110 to abont 128 seconds, 825 to 900 km on the orbital _t,rack.
This scaie siie correspon'dsto the widr,h ar,-t,he 10% level of the Jouie heating B
. pulse. /In the followmo, we plesent an/ The connection may again be acciden-
tal. The large peaks in the oxygen and nmogen spectra at about a penod of -

500 seconds is spurious-and due to the flnite size of the data samples.
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IV Theoretical Ahalysis and Modeling Studies

Modeling studies are necessary to guide the. interpretation of measut'ed
data. éince the coupling ol neutrals and ionization is of iﬁterest, it is necessary
to.tak.e into account more.than one fluid. Such studies have been made for the
soﬁrceles_s linear case (for example, Dudis and Reber, 1970; Gross and Eun,
1978 and'.1978; Del Genio et al.,, 1979). Since sources and their characteristics
are of interest as w.ell,r source driven models mu'st be treated. Sueh studies,
however, were only mztde for atmospheres of Just one species (for example,
Chimonas and Hines, 1970; Richmond and Matsushita, 1975). At the
Polytechnic we have been stu_dying the problem of multiple constituents or
fluids with' sources, particularly for two Species (Eﬁn and Gross, 1976a and b;
Gross arnldvEtm‘, 1976, 1978). No extensive anal'ytical- treatmlen\t has as yet been
.made fot' miore' than two species; though with the assumption of truly minor
species,'o,ne mbay treat th'e atfnosphex'e as a two-fluid problem with one fluid for
the maJor.species .and the other any _of the minor species. Mayr and Volland,
(1976) and Mayr et al.,, (1982 and 1983) have modeled the problem on a com-
puter for propagatioh in a spherical geometry for a nur.nber.of neutral consti-
tuents with blosses. No full tl'eatmeﬁt of ionosphex;ic plasma in a magnetic fleld |

coupled to neutral species with sources has as yet been made.

In the following, we present an .analysis to s~how that plasma irregulal'ities _
can' be gen:erated bb‘y collisional coupnng of -the velocity perturbations of the
neutral waves in the .neutrals to the 10noSphere pl'asma.' The thermal'nonlinear-
ity gives the mecha'nism. for mode-mode _coupling and provides a channel for
transfer of the space-time oscillating perturbations into disturbances having only
spatial oscillations (i_rregularlties). In order to simplify the analyéis, geometry
corresponding to equatorial lati.tude is chosen. The application of the analysis is

- then focused on explaining the spread F (ESF) phenomenon.
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1.0 Coupling of Nelural and Ionospheric Distrubances -

The rising and the subsequent descending of the Iénosphere arlt,e_r sunset
have been noted as the striking symptom of the onset of ESF (see, e.z., Her-
man, 1966; Rastogi and Woodman, 1.078). These upward and downward.
motions of the ionbsphere are controlled by the E region dynamo. During the
reversal of heutral winds, a wind shear may form -and become the source of
neutral waves (Hihes, 196'7', 1971). The formation of a wind shear in the F.
regioh was invoked by Anderson ,etfal.' (1982) as the hypothesized source of
in-situ neutral waves for the local seeding of ESF. No wind shear in the F
. fegion was seen in the ALT_AIR' data, howéver, at time of wave structure for-
mations. The wind shear required for the generation of'iﬁ-Situ neutral waves in
the F region Was estimated to be, .at least, _16 m/sec/Km baseci on the criterion

that R;< 0.25, where R; is the Richardson number. While this required wind-

shear seems to be large in the F region, much greater wind shear can exist in

the E region.

Intense neutral wz'wes_ipro.duced, for instaﬁce, by the solar terminator
(Beer, 1973b) or a wind sh_e_ar in the E 1‘eéion are Svuggest,ed in the preseﬁt
paper as the potential 1ocal coherent sources o_f' exciting Iarge%cale
| (’>~‘ tens of kﬂom_eters) io;iospherlc density irregularities and forced ion acoustic
modes. Ionosphéric densiﬁy"irregularities are drivén’ by the thermal pressure

force that stems from the collisional dissibanion'of both the neutral wave and
the ékcited ion acoustic modes via plasma-neutral collisions. - This process, as
shoW_n below, relies on lﬁrge plasma-neutral colliéions. It thus represents an
eﬁlcieﬁt coupling between the neutral and the 1onospheric disturbances in the E
region rather than»in the F region. .Howeverj, the electric fleld pertupbationé

éssociated with the large-scale fleld-aligned E region irregularities can map a.long

the geomagnetic fleld lines up to the F region (Farley, 1960) and, consequently, '
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provlde the initial plasma density perturbations for the sﬁbseque‘nt excit,at,lon of

‘Rayleigh-Taylor jliscability.

1.1 Neutral wave as a pump

Neutral wéves, whose int,eﬁ'slt,y is evaluated in terms of the neut/ral velocity
pe}turbation (Yn) in the following “analysis, ‘can transfer their momentufn and
energy.tb' the charged part,iclés through éollisions.’ A plasma instability can be
_excited at; the’ ekpénse of the neﬁtral ané. Whether thé induc.edk fonospheric
distﬁrbances' can Signiﬁcantly af_l”ect _the F _re,gion dyna‘m‘ic‘s depends updn the
chéracteristics 61‘ the instabiliﬁy such as the thresholds,and the growt_,h rates.‘
The pt‘opo.sedv neuti‘al-'iono;spilex'e coﬁpling process is analyzed by 'ﬂui.d eq’ua';
. tions, because the scale Iengt,hs' of pla.énla modes afe greater than the ion -
.gyrc;radii by several. orders of ma.tgn.i'ﬁude. The nighttime-E region‘.i's approxi-
i mated as a lilom.og,enequs plasmai imposed by a uniform magnetic _ﬂe,ld.

'Thé two plasmﬁ modes un'de'r cons’ideration are ﬁeld—aligned low fl;equency o
mode and a forced ion acoustic mode that are parametriéally‘ excited'bjr thé
neutral Wave.'v This t,hree-\&v"ave. int,éractio'n: proces.s c‘an- be ‘-éonv‘e,nie‘nltlyv . |
describéd b& the 1‘6110wing wave frequency (w) ‘and x;s'ave vector' (K) ﬁiarching

relations:
Re(wo) = Re(ws) + Re(wa)
K=k +k

~where Re(w) means the real _.part_bf w the sﬁbséripts o, s, and a denote t_ﬁhe ‘
neutral wave, the low vfrequer_lcy mbde, and th_e _ion‘ acoustic mode; respectively.
" It will be shown that"R;(ws») <<Re(wa) and tﬁe low frequeﬁcy mode Is nearly a
zero frequency (or 1$ux4é:.ly growing) mode. The‘ forced ion -acoustic mo.de'is S0

termed bé;ﬁause its frequency is determined by that of the neutral wave. Theire'- _



-17-

fore, ihis I‘requeﬁcy rn-ay. far 'deviate from the characte'rlstic‘ frequency' :
(~a few kHz) of the ion acoustic waves in the iohosphei‘e; |
The pert,xirbat-ions.in plésma density (-n-), velocity (V), and electric.ﬁeld (E)
caused by'f.he .low frequenc& mode (or ion acoustlc mode) are repre’sénﬁed by -
s(5Na)‘ V(6V) and E(6E), respectlvely The plasma—neutral collision fre-
quency has the expression of vy, = Vpno(1 + 6Nn/Nn°) with the neutral density
perturbation (6N,) taken into account, where p = e (electrons) ori (ions), N, |
is the ,uﬁpertui‘bed 1}'eutral" deﬁéity, and u#no is thé cbll.ision frequency in the =

absence of 6N,,.

.' 1.2 Large-scale Fz'c‘ld-»aligned Tonospheric frregularz'tz’és

- The coupled mode .equation for the lbw'fr_equency mode (i.e., vt,he large-
 scale ﬂeldéaligne_d ionosph‘eri"c_irregula-ritiesv)' can '_be de_rived from the folloWing
linearized eiecl:roﬁ and jon equations. : '

They are:

(I) Momentum equations

. F) o
M No—=V,, = v(TeON + N 6T) + Nge(E, + -(-:—V X2 Bo) -~
5N
'MeNoVeno~se_'MeN N 5V‘ Veno +M 5N*V’jeno )
*Yno .
(1)
0
MNo2-, = ~ (TN, + N 6T) + N, e(E + -EV X2B,) -
‘ | 6N, o
MiNoUinoYsi_ MiN N 6V Umo +M 5N‘V Vmo' o
. no .
(2)

where M (M), e, Teo(Tio) » Ny, and B (= 2B§_) iare the electron (ion) mass, the |
_electric charge, the unperturbed electron (ion) temperatﬁre, the unperturbed

plasma-denslty,:‘zind the earth’s magnetic ﬁeid taken to be the z axis of a
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re'ct,angular coordinate system; the last two terms on the RHS of (1) and (2)

* .come from the coupling of the gr'avit,y wave (6N, and Yn) and the fon acoustic.
mode (8V); the electron and the ion temperature perturbations (6T, and 6T;)

result from the thermal efTect described by the heat source term in the energy

equation;

(II) Energy equations

3 .. 0
:No E 5Te + NoTeo V ° Yse
' M, - ' A :
= V(R|TV|I+R-LC V_L)(STe— 3NouenoM_e(6Te— 6Tn)'7' noVenoMe( 6Ya:3 . Yn)
N n . M
(3)
3. 8 ‘ o
-2—'N0 Et;—éTl + Norlio AV4 .VYsl

(Mi+Mn)

=V (R|V|+R{V )6 Ti- 8NgVip, (6Ti- 6Ty)- NoVinoMi(§V3* V)

| - (4)
ivherAe_VMn and 6Tn ale the neu-ti'al mass and the neutral temperature perturba-
tion, respectively; the flrst term on the RHS of (3) and (4) repx;esents the
~ parallel and. the cross-fleld heat conduction rates, the second term is the cooling
rate due to plasma- neutral collisions, and the'»last one is the heat source term

contributed form the collisiondl dissipation of both the gravity wave and the ion

acoustic mode;

(III) Continuity equations

8 8 . | -
—a—t’-Ns + Vv NOYse =0= .a—t/ NS +V ‘ NOYsl (5)

where the quasi-neutrality condition, viz., Ng=~N; = Ng, has been used;

further, it is reasonable to assume that
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(IV)

6T;==8T, ' . (8)
if the ion mass is not very different from the neutral mass. Therefore, the
cooling term in the ion energy equation disappears with this assumption. ‘

We also ‘assume that the perturbations associated vizit,h the. low frequency

mode have a space-time dependence of the expli(kgx—wgt)] form, where
wg = w, + iy and w,(7) is-the real frequency (growth rate) of the low frequency

mode.. This mode has a fleld-aligned nature, viz., its wave vector is orthogonal

to the earth's magnetic field (1}0 = 2B,) and is chosen to be the x axis of the
coérdlnate system. Replécing V( = X0/0x) and 0/0t in (1)-(6) by ik(= iiks):
a_,nd ~ lwg an_d eliminating .6Te,5Ti , Y”,Ys‘,and }i}’ from these equations, we
obtain the following coupled mode equation I'o;' thé.ﬂeld-aligned ionospheric-

- irregularities

{ ‘ M, a Q. Q;
—iw —iw 2 —_V ; :
- (v r)['Y r T Vino + M, enol + 2 ( N+ Vong + N+ Vs )

2 .
P2E e T M e Ty )
3 M; Ye i My Ye i N,

e ~ Me Ueno

| Vino .
. — +1)— 6V | "V,
M; Te . M, e - - i

: a,i * . *
= Vino | T/ 5Vaiy + 5.Vaix :

5Nn' o Q; ' M, .
- 1ks Veno [_——'_—_—5Vaey - V‘Svacx
1 .

Ny '_7+Ven0’ _'7+Vin6
i M. 9 V]+ [V'+ 2 .v] (6N;)v
—-— l/ — —_— ————————— n, —————
ks eno M, nx Y F Vong ny| T Lino| ¥Ynx N + Uyg ny N,
(7)

where Q ,(Q );) is the electron (ion) gyrofrequency;

. U= U+ 2(Me/Mp) Vopo + KZVENQE + 1d)v, and 7, = v + [KIVENQ ? + vD)]v,,
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where Vie(Vy) and I/e'(ui) are tlie electron (ion) thel;mal velocity and the
" effective electron ('ioﬁ) c'ol‘lisibn frequency, respectively. The three tcrm_s,
AMo/My)Vang v kEVEAQ 2 + v2), and vkZVEAQE + v7)

are .t,-he. electron ‘coolin_g vraneidue to electron-neutral collisions, the electron
~ cross-fleld heat conduction loss rate, and the ion cross-fleld heat conduction
loss rate, lrespecnively. The RHS of (7) réprésents the .nohlinearit&of causing -

. ionospheric irregularities, viz., the collisional dissipat;ibn of the gravity pump ‘

wave and the forced ion acoustic mode.

1.3 Fofcéd Ion Acoustic Mode -

"The forced ion acoustic >modé is the ."hjgh frequency” Sideband_ exéited
parametrically by the g_ravity_ pump wave. Since it,s-I-‘i‘equency ivs.de-termined by
the beat frequency of the gravity’wa_ve ,and the low frequénéy :mode, it is not
» neceséarily_thé chai'acteristic frequéricy of the acoﬁstic w_aves. The électron énd
ion equationé that :are i'equired for the de'rivatfon of the' coupled mode equation
for the forced ion acoustic mode  include the continuity eduatipns and.-' the :
momentum equations.:

.For simplicity, Lhe_.forced ion vacoust'ic mode is assﬁr_ned-to propagate along
the earth‘é magnetic fleld; vizv.,ﬁlic‘1 = 2K,. Thivs aSsurnption is quite reasonable in
the E region wh"efe Vi > >Q iAindicating_ _thét the ion dynamics can be treated
approximately as in the unmagnetized case. With the exp[i(k,z — wt)] type of

- perturbations, the linearized electron-and ion equations can be written as:
" (I) Continuity equations
— WedN, +IN K0V, = 0 =—iw, 6N, + IN Kk, 0V, - (8)

" namely,
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~ 6Vaez = 6Vaiz ='6Vaz' -

ST (I1) Morhentl_xm equations

T M,N, ( ~lw + Ueno) 5Ya,e
E L =K TeobN, - Noe(Z6E, + — 6V, x ZB,) -

. 6N, o
IVIeNoVeno N Y;e + MeNs Venoyn

no o .
" (9)
= _17,T,, 6N, + N,e(Z6E, +°‘1;_51’;i X 7B) -
. . ) 5er - o * '
" MiNoVino'T\I:: y;, + Mst VinoX,«\ o
~ (10)

where w = w, + iV . The quasi-neutrality .approximatbn, §N;~ 6N, = 6Na .
| - has been used in'(8)'- (10).
-Eliminating Vg, ; Vg, , and 6E, from the z components of (1), (2); (9)

~and (10) leads to

' ' : 2 2 . |
i 2 12,0 M, , Vino ' MeVeno ™ ,
— —(Wa-KyCJ) + (Vipo + — v - 4+ _
{ w ( a. a S?“ ( ino , Mi eno) ~ + Vino Mi(ry + Veno) o

- a

(6N, \? | M, N | vl Mv;2, 5N, . 6N,
N : 5Vaz = (Vipo + M Veno) "];I"_ Vg - M N Viz N
no ' i o v+ I_/ino i(,q + Veno) ) no

(11)
wlth.’phe ald of (8), Wheré C; Is the ion dcoustic velocity. Uhder the assump- |
tion that Re(wa) 2 a;id << Vino..<l‘/eno and sinée - -

 then (11) reduces to .



NG [ (e kav,:z-]" NS
N, - Wy, -

6V o~ ?Vnz = N Ve ‘
. o - o .

| ‘ (12)

Solving (9) and (10) for §V e, 6V,ey 16V, and 6V;iy,,’ respectively, we get -

' the following results:

v - N2 -
5V ou(2En0 y2 s Veno 13
s = (T Ven) = (GEF V) ()
’6v L (Leno “‘°) (S v+ e“°)'(—-5v ) (1%)

aey =~ »e NQ Vny Q. | N, nx.A '

NS* NS‘ Veno ‘ .
.‘Svaix2 o N_ovnx + ,3 N, (?:)Vny : R (15)
and
' Ns* , vs‘ L ' -

‘Svaly— o N Vny_ IB N_an . (16')

0 (o]
where a‘-= i and g =0 i/u'm; for ;<< vy, In the E region; o = (Vi5o/Q )2
and B = 1/“;0'/0i for Q;>>v,, in the F region. Since (Peno/ﬂ e)‘~10‘_2 (1079)
and '(ﬂ i/Vino) ~ 10'1_(10“)‘ iﬂ the E(F) region, Equations (12)-(16) yield a |
| simple coupled mode equation for the forcéd ion acoustic mode,'vig.,,

Nst ) ' ’ ‘ . :
V. o= N—O Y;l >> 6Ya,e . . - (173)7

~ai

for O ; << uim; in the E'region, or,

N‘

~5(v ><4) ( mo/ﬂ i) [N ]+z [ Jvnz >>5V , (175)

for @ ; >> vy, In the F region. It has seen that If the neutral wind blows dom-

inantly along the earth’'s magnetic fleld (i.e., }/;l o~ ZVM), 6}‘2“ in the F region is






2.0 Excitation of the instability
Under the assumptions that Vep, > Vjpo >> 7 and k2CZ >> w?, can be

separated into the following two equations

w Viox R, (w,) << Ry (w,) (18)
rv (lwal/l\s) (lw |/l\a.) ere ¢ a. T
and
0.0, o k2 (T T, M, V.o Ton n
e+ T 2 [Ty Ty g e Yo Ty | rcp 2
o eno 3 M, e i M, Ye i _ n, -
o M v* M. v
= =Kk2 v 2y (g—slemo y yy Ko SVr-V (19)
g3 s enoM — M — o
’Ye n '73 fyl

According to (18) and assuming that Re(w,)>7, w (=R (wg)) is less than

" R¢(w,) by at least four orders of magnitude since
lw, |/kg ~ |w, |/ky~ Cs~10%m fsec.

Therefore, this 1‘esu1't shows that the low freqiiency ﬂeld—élign‘ed mode can be
considered to be a zero-frequency mode and that the frequency (Re(wa)) of the
forced lon acoustic mode is determined by that (w,) of the neutral wave, i.e.,
Re(“)a) = Wo- |

"Based on (17a,b) and the assumption that vy,/7; and Vepe/¥e>>1, it
becomes cleax; in (19) that the neutral-electron interaction ('&“Veno5$;.'l/;,) has
a negligibly small effect on the excitation of the instability as compared with the
neutral-ion interaction ( ~=v;,o,6V;; "V ). Hence, the RHS of (19) can be approxi-

mated as

Yino sy v

~al ~Nn
i
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Vs—howmé that the proposed mechanism depends‘ on the effective lon-neutral
coﬁpllng. Substituting (172) into (19) leads _io the dispersion relation of the .

instability, which Is a cubic equation of <y (the growth rate), viz.,

A¥+By?+Cy+D =0 . (20)
. Where .o ' B

A =1+ VepoVino/Q s
B= Z(Me/Mx;)ueno + uiksevt?i,/(n i2+Vi2~) + Ve' 2Vt2¢/(ﬂ e2+Ve2v)A n
+ (10/3)Venoks?v3/n en'i ’
C = Vpoteso [ VI -+zﬂ>](2Me/rv1n + k:v my
L (2/8enol SV 0 ) O(M M) Vene
+ 4Venoksgvti/n e'2 + 4Vin°k3Vg/(Q i2+Vi2)] - (2/3)(kz;el’enouino/Q en i) W:} IQ '

D = —.(2/3)’/inoueno(I /Q éﬂ i)(‘iMe/NI»n + kgV&/ﬂ e2) I.vnl2 +

2ino ol KEVEIR 0) VAN P + v )](oMem,,Jrk"’vw/n 5 -

Although (20) is the dispersion relation derived for the E region case, it can be
also applied to the F region when yn'zivnz,_namely, when the neutral wind

~ blows primarily along the earth's magnetic field lines.

2.1 The threshold cbndition

The threshold condition of the instability that is obtained by setting o] =0 |

in the dispersion relation is given by

2V

M, K2V
o 4
(07 + Vi"’)

— +
My ﬂez

M,  k2V§
M, ﬂe?

Wmlé =

(21)
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where the two terms, 2M,/M, and KJV2/Q f,. correspond to the electron cool-
- ing due to elecu'ou-nc‘um'al collisions and the electron -ci'oss-neld difTusion,
respectively.‘ The dormer effect dominates over the latter when the scale
Alengﬁhs (A = 27r1\';1) of ﬁeld-aliéued ionospheric irregularities 'exqeed
(27 V. /0 ,) (Mn/:ZMe)l/'3~ 8 meters in the ionospheric E region. .

Since X, (=2mky') is of the order of the gravity wa;/elength
(> tens of kilﬁmeters), (21) can .be approximately written as

-

(‘i) ( 21V )2 (E region)
PR N 2 Vino)‘s
[V P 2 Crva” ) S
th =15 Q2+ Uig)xsg _ ervé (F region, when
(5) (557 he=tVad.
v i\s

This expre_sslion shows that the threshold condition of the proposed instability is
primarily determined by the ion cross-fleld diffusion damping, whose exact
form has been retained. In the ionospheric E region, the ion eﬂeétive collision -
frequency (v;) is dominantly contribﬁted from the ion-neutral collisions (Vjyo)
that are much greater than the‘ ion gy_l'o;fx'equency (©2)), that is, Vj~v; S>>0 .
This means that ions are essentially unmagnetized and their cx;oss-ﬁeld diffusion
damping is thus identicai to their parallé] diﬁ"ﬁsion dampirig. If we use the fol-
lowing E region parameters (Rishbeth and Garriott, 1969): .

M(NO*) /M, = 5.5 x 104,02 /21 = 25.4 Hz, Vino (Veno)

= 5.8x10%(9.2x10%) Hz, Vi = 2.54x 102m/s¢c
(or T;=210° K) and A\ = 100Kmi, ﬁhen Vip |~ 8.5x 10" *m /sec. By contrast,
Ve | is indebendent of vy, in the F region because 0 {>>V;,, In the case that
ynziVnz. This indicates that ions are strongly m_agnetized and their parallel
diffusion damping may greatly exceed their.cross4ﬁeld diffusion damping if phe

- frregularities have a non-zero parallél wave number. With the substitution of .



the typical F Aregion. parameters:

M(O+)/Me 2.0x 10l Q,/2m 4_—'.4.7(31-12,'\/Li = 7;6x 102 m/sec(T; = 1oeo°I<j,
and Xs = 1001;(:th,_ the threshold neum‘al- velocit,y pefturbation' is 1.5 x
19'1 m/sec that is greater than Vi | in' the E region by abqup two orders l_Qf_ '
magn‘it,ude_._ But, if elle neutral'wmd blows dominantly across the earth’'s mag-

netic ﬁeld.(l.e. V_VL, it can be expected llOlll (17b) that the threshold velo-

cit,y in the F reglon is enhanced by anot;her fact;or of Q ,/umo~4oo In other -

vwords, [V_-m(~60m/se_c) in the F region exceeds that in the E region by four - A

orders df magnitude. The threshold.in the E regioﬁ seems to be rather small
compared with the typical neutral velocit;y perturbation of gravity waves that is
of the ofder of 40 111/sec. However, a sﬁlail'- threshold does not necessérily
ensﬁre tﬂe'growth' rate 1o be large enough fer the practical excitation of the ins-
tability. As shown latel, the proposed instablllty can be only pracmcally trlg-i:

gered by gravxty waves with perxods of a few t,ens of mlnutes

" 2.2 The growth rates

For the excitation of modes with >>(27ere/Q e) (Mn/2M )1/2~ 8 (13)
meters in the E (F) reglon,_t,he coefﬂcxenr,s of the cubic equation (20) have the
followiﬁg simple form: | |

CAcvl VenoVino/St ¢ i'~1.4 (E region ) and 1.0 (F re‘gion).
B~2(Me/Mn) Veno ~ 3.3 (E region) and 4.1x10™* (F region),

- Cz2l{eno(k“V2/Vmo) (Me/M ) (1= (1/3) (Vino /O ,)Q(Vn/vu)2]
~1.42x10"3(E region) and 1.0x 10~ 8 (F region),

D~ 4(k,VieVeno/ &) 2(ZVE/Win0) (Me/Mp) [1- (Vi V)]
'~ —1.48x 10" % (E region) and - 1.86x 10~'? (F region),
for V, = 40m/sec, Ay = 100_'I(m,- Vino=5.8% 10° Hz'(O.SH\z); and Ve, = 9.2x 10*

“Hz (12 Hz), in the E (F) region. Therefore, instead of solving the cubic -
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equation, v can be derived approximately from

a,2. 0 2,2 | 2'
o 1\’s\/t,eljeno Kk th l [ ] 1
Vi

I/enofyﬁfz‘l 2
Q e lno

where Vy, is given by (22). Since V[ >>Vy,, Equation (23) can be written as

M o
o| —= (23)
n

(471' Vn VenoVino : g -1 .

/3 X Q.0 2.0x 10" %sec” " (E region)
: s . evé i .

’7 o~
) ‘ 1/2 N
‘\1/7"_ Vi [ﬂ i¥eno ] ~ 6.0 x 10" %sec™! (F region, when

3 A Qv . N ’

- ® me }ﬁlzzvnz)

for Ay = iOO Km. It is ‘apparent ‘that,’ the heutfaléplasnla .int,eract,ion. is much
more effective -in- the 'E region ‘than -.in ‘the. F _region. -‘The growth. rete is |
inversely proportional to the seale length of ﬁeld—aligned_ionospheric irregulari-
ties that is of the order of the neutral Wa_ve wavelength. While a maximum
scale length of 400 Km wae detected byA_AL"I‘AIR from the horizontal wave
Asﬁtructﬁre, thev nighttirhe jonosphere '-spatially'-movdulated with shorter seale
'lengths (~35 Km) pI‘lOI to the onset of ESF was sensed by the amplitude scm-
tillations of gesostatlonary satellite sngnals at 136 (MHz) (J.A. Klobuchar,
pnvate_ ,commumcatlon, (1984). . The growth rate in the E region for
A\g = 35Km is 6.0 x 10” % sec™! in t,hls situation. Since the wavelengths of neu-
tral waves are tens of kilometers or longer, t,_he _instabilit;y 1s expected to have.
1072 sec™ ! as the upper bound ef its growth rate in ‘the ionospheric E regfoni

The growth rates have to exceed the molecular ion recombmatlon rate

(NIO"3 1) for the operation of the inst,abillty

In the I‘orm-ulat,ion oI‘ the theory, R (wa) 2'7 has been assumed, where w,
is t,he angular flequency of the forced ion acousmc mode. The real angular fre-
quency, e(wa) is essentially equal to the neumal wave frequency (wo) because

of the excitation of~1onosphenc irregularities as nearly zero-frequency modes.
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This condition requires Lhaﬁ the neutral wave frequency (wo).be greater thah
7~2.0 X 1073 Hz, namely, the neut,rzil waves have periods (T, = 27 Jw,) less
than one hour. A clear portrait of the neutral pump wéves can be delineated at
this point: they are characterized with short .p‘eriods (< one hour) and

wavelengths of tens to hundreds of kilometers.

" 0.30 Seeding the ESF

The neutral wave-plasma intex‘action; as shown above,_isf notv effective
enough for the éxcit;ation of lal'ge-scale ionospheric irregularities in the F
region. One may note, Vhowever, vfrom (24) that in the F region, v e ui;l},/i’ and
argue that smaller.v;,, at higher altitudes can lead to a larger growth rate. Two
other ‘things should also be noted: . (1) vy, cannot be too small because
Vmo>$fy has been assumed in:thevformulation of the theory, and (2) yec uelrfg '
and Ve, is smaller at higher altitudes. Actually, ueno/uinc; < 10% at any altitude
in the jonosphere. Hence, ev~e-n il we take Veno/Vino = 10%, the growth rate is
5.2x107* sec”! for A\ = 35 Km in the case that the neutral wind blows along
the earth’s magﬁetic fleld. This growth rate can exceed the atomic ion recom-
bination rate above a certain héight,.' Nevertheléss, if the neutral wind blows
dominantly across the earth's rnagne.ti'c fleld, the growt;h-rate in the F region 'is
reduced by at least two ordérs of magnitude. Moreover, the conditions for the
instability become extremel& stringent wbhen thé parallel heat conduction loss in
- the F region is not negligible. This effect'c'an lérgely.raise the threshold and
decrease the growth rate of the instability. The excitation of the iﬁspability with

a rather sm‘all growth rate r'equires almost a continuous source of neutral
waves.
While the forced ion acoustic modes are highly damped in the E region,

the concurrently excited large-scale ionospheric irregularities have much less

diffusion damping and can survive for hours after the disappearance of the
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neutral-wave Source(s)._ The electric fleld perturbations associat,edv witﬁ:thé
large-scale E region irregularities can extend along the geomagnetic fleld and
- many onto 't-he I* region (Farley 1960). These intense electric fleld perturba- -
tions then séed the [ region for the subsequent excitation of the Rayléigh-
Taylor instability that has been generally accepted to be the cause for the spread .

F echoes on the ionograms and the plumes on the VHF backscatter radar maps.
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_ IV. Summary

-The data_..m_easured by Lire Dynamics Explorer“z spacecraft, (DE-2) provide
a uni.qu'e opportunity' to determine many. geographical parameters. In this
' report we present the 're’sul‘t,s of 'analyses on ‘tv,wo sets of daﬁa rneasured‘ in t;vvo
diﬂ‘erent days. On comparing the data, it is-seen’ that there is a lasting effect of
, previous_magnetic_a'ctivit,y on t,lre ﬂuctuat,i_onsv I'or dav8128'8 in that the ﬂuctua-_
tlons.'are. aoout double thos_e for bday 81248’,:- This doupling is consistent with
"t;he ‘Joule‘ heating for the two days. The power Spectl'a 'are also in agreernent
_ with this ratio. The ratio of powers. being the square of the ﬂuct;uamon amph-
tude is found t;o be about 8.7 for oxygen and 4.0 for nmogen Our analyses

appear to favor Joule heatmg as the drxver of observed wavelxke ﬁuctuatlons in -

neutrals rather than plecxpltatmn It; may be that t,he neutrals are excrted by the S

entire auroral oval in the Joule heating pulse and ﬂltering yields wavelik'e,_
rather than irregular, variation. Ion waves - are then excited by the neutral

- waves through the ion-neutral collisional couphng

' A theoretical model exploring the role of neutral Waves‘onv. the generation
'_ of large scale plasnra density irregularities. is .als'o' presented. “This model is pr514
iminary in.t.;he sense that;_ equational latit,ude is considered so that the‘eﬁect-of '
anistro'py introduced by the geomagnet_ie fleid on-plasma.niocion is minimized.
This simpliﬂes_ tlre analysis a great deal. . Nevertne.less, th.e results of the
:analysis can be applied to expiain' v.itvhe " the equa_torial spread. F (ESF)‘
phenornenon. The neutral w_aves ot_f in.t,ere.st are characterize_d .by bwavelengths .

of t,'ens to a fev/ hundreds o’f‘ kilometers' and- bv periods. of a fevv tens _of‘ ,
mln'ute‘s The efIlc1ent; e\cmamon of 1onosphenc megularltxes by our proposed .

‘mechanism relles on large plasma—neu.tral collisions.  Such -an optlmum

environment can_be provided by the E region rather than the F region. Since

_' neutral waves interact ’primaril'y with 'io‘ns, “the t,hreshold of the instability’ i‘sf _
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determined by the-ion heat conduction loss. It is shown that the plasma irregu-
" larities’ cah;be, generated 'wit,hin' a I‘ew'minutes‘ when large' amplitude gravity

waves are present. -
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Polar plots of the orbital passes for September 5, 1081,
day 81248, orbit number 492 and for October 15, 1981,
day 81288, orbit number 1071. The plot is invariant lati-

tude vs magnetic local time.

Plots of electron precipitation (tbppanel), electric fleld tur- ~

bulence (second' panel) 8-16 Hz as dots and 4-16 kHz as
the letter O, electron t,emperar,ure (mlddle panel),
density (fourth panel) and honzontal (H) and vertical (V)

winds vs mme in hours and minutes UT, invamant lati-

' ‘tude, magnetic local tlme, ‘altitude, local solar time, lati-

tude and longitude. This figure 'is for_ orbit 492 on day

81248 for the twelve minutes from 21:10 to 21:22.

Plots of electron precipitation (top panel), el.ect'ric fleld

turbulence (second panel) 8-16 HZ as dots and 4-16 kHz

as the letter O, electron temperature (middle panel), ion

_density (fourth panel) and horizontal (H) and vertical (V)
winds vs.time 1n hours and minutes UT, invariant lati-

‘tude, magnetlc local txme, altltude local solar time, lati-

tude a.nd longitude. ThlS ﬁgure is for orbit 1071 on day

81288 for the twelve minutes from 21:10 to 21:22.




Fig. 4

Fig. 5 o

Fig. 6
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'Graphs‘for,day 81248'0n the left and day 81288 on the.

: rigcht. Each graph contains plots-ofthe measured variation

- in the x, ¥, 2 components of the magnetic fleld r'_elative to

a Magsat model ABX, ABY , ABZ , the x component of
the electric fleld EX and the integrated downward Joule

heating flux SY vs time in hours and minutes UT for.each

~day. x is along the velocity vector of the ‘spacecraft, -y is -

upward and z is _eastward ‘or we_stward 'according to the

_spacecraft direction, north or south. The plot SY has :

been plotted as positive to mean downward, opposite that '

~ of the y axis.

Graphs of the densities of oxygen, nitrogen and ions and. -

the electron temperature vs_tini-e in seconds UT as well as

hours_, minutes and seéonds UT, 'shown above each graph. . |

Also given are Scales for altitude, latitude, longitude, solar

. zenith angle, local magnetic ;.time' and invariant latitude in

each graph. The dénsity scales in pafticules»;/__cm3 are loga-'

rithmic and on the left and the temperature scale. in °K is -

. linear and on the right. The upper graph is for 81248.

The lower for 81288.

Plots of fluctuations obtained by passing the logarithm__of

the ion, oxygen and nitrogen densities through a bandpass

‘fliter that passes structures ‘with scale sizes from 90 to

1500.km. The plots. are vs time in seconds UT. The data

" are for orbit 492 on day 81248,



Fig. 7

Fig. 8

Fig. 9
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FI'T spectra of the fluctuations in Figure 6 for day 81248.

The spectra are plotted vs period in seconds.

Plots of fluctuations obtained by passing the logarithm of

the ion, oxygen and nitrogen densities- through a bandpass

fliter that passes structures with scale sizes from 90 to-

1500 km. The ‘plots are vs time in seconds UT. The data -

are for orbit 492 on day 8128S8.

v Plots of fluctuations obtained by passing the logarithm of

the ion, oxygen and nitrogen densities through a bandpass -
filter that passes structures with scale sizes from 90 to
1500 km. The plots are vs time in seconds UT. The data

are for orbit 492 on day 81288.



Fig. 1 - Polar plots of the orbital passes for September 5, 1981,
day 81248, orbit number 492 and for October 15, 1981,
day 81288, orbit number 1071. The plot is invariant lati-

tude vs magnetic local time. :
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Figure 6 for day 81248. The spectra
are plotted vs period in seconds. :
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