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Abstract. Jicamarca radar observations of bottom-type Early insights into the layers came fro@argham and
coherent scattering layers in the post-sunset bottomsid&eyler(1989, who showed, with a nonlocal analysis, that
F-region ionosphere are presented and analyzed. The mothe linear growth rate of the ionospheric interchange insta-
phology of the primary waves seen in radar images of thebility operating in the bottomside equatorial F-region has a
layers supports the hypothesiskiideki and Bhattacharyya broad maximum centered on wavelengths of about 1 km. In
(1999 that wind-driven gradient drift instabilities are operat- numerical simulations of the instability initialized by broad-
ing. In one layer event when topside spreadid not occur, band noise, such intermediate-scale waves emerged first
irregularities were distributed uniformly in space through- and continued to dominate large-scale waves unless the lat-
out the layers. In another event when topside spriéatid ter were initialized preferentially with the introduction of
eventually occur, the irregularities within the pre-existing large-scale “seed” irregularitieZ4rgham 1988. Based on
bottom-type layers were horizontally clustered, with clustersthis finding, Hysell and Seyle(1998 hypothesized that the
separated by about 30km. The same horizontal periodicityntermediate-scale waves suppress large-scale wave growth
was evident in the radar plumes and large-scale irregularitieshrough anomalous diffusion. Using a renormalization group
that emerged later in the event. We surmise that horizontheory and incorporating satellite data taken to be represen-
tal periodicity in bottom-type layer irregularity distribution tative of bottomside irregularities, they estimated that the
is indicative of large-scale horizontal waves in the bottom-anomalous diffusion coefficient associated with the kilomet-
side F-region that may serve as seed waves for large-scaléc irregularities could be five orders of magnitude greater
Rayleigh Taylor instabilities. than the classical ambipolar diffusion coefficient and large
enough to impede large-scale wave growth. They suggested
that bottom-type layers were composed of kilometric pri-
mary waves which are too small to be resolved by coherent
scatter radars as anything but a continuous, narrow scattering
layer in the bottomside F-region.

Key words. lonosphere (equatorial ionosphere; ionospheric
irregularties; plasma waves and instabilities)

1 Introduction ) . o )
Another influence on the scale size distribution of the ir-

Bottom-type layers are thin scattering layers that occur reg_regularities in the layers is the distribution of conductivity

ularly after sunset during equinox and December solstice iff/ONd magnetic flux tubed:sunodg(1983 andKudeki et al.

the bottomside F-region over Jicamarca and that serve as pré1989 showed that the post-sunset bottomside F-region flow

cursors of large-scale equatorial spread F (ESF) disturbancelS dominated by strong shear, with plasma drifting westward
They were first described Bloodman and La Hog197g  and eastward below and near or above khpeak, respec-
working at Jicamarca but are now known to occur in othertively. Since the thermospheric wind at F-region altitudes is

longitude sectors. While they are not usually associated witffastward after sunset, the westward bottomside drifts con-
strong radio scintillations or other kinds of interference to StitUte retrograde motion.Haerendel et al(1992 identi-
communications links, they nevertheless signify the presencfd three mechanisms that could cause retrograde motion:
of plasma instabilities and are indicative of the stability of the Vertical winds on flux tubes with significant integrated Hall
post-sunset ionosphere. We study them for insights into hovFonductivity, vertical F-region currents forced by the closure

more disruptive, large-scale spre&dplasma irregularities of the equatorial electrojet current near the evening termi-
initiate. nator, and the E-region dynamo driven by westward lower

thermospheric winds. Since the retrograde drifts can persist
Correspondence tdD. L. Hysell long after the passage of the evening termindtigsell and
(daveh@geology.cornell.edu) Burcham(1998 argued that the E-region dynamo must play
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an important role in equatorial electrodynamics. Examiningfor evidence of primary gradient drift waves. Jicamarca ob-
the extensive JULIA radar database at Jicamarca, they alsserves coherent backscatter from small-scale field-aligned ir-
found that the bottom-type layers always inhabit strata drift-regularities, presumed to be generated by intermediate-scale,
ing westward or, at most, slowly eastward. The layers thereprimary plasma waves via three-wave mode coupling. The
fore appear to reside on flux tubes with Pedersen conductivitgmall-scale irregularities then serve as tracers of intermediate
concentrated in the E- and valley regions. and large-scale waves. The new observations were made us-
To explain how the kilometric plasma waves and instabili- ing an aperture synthesis imaging mode capable of resolving
ties in the bottom-type F-region layers are able to avoid beingkilometric features in the radar illuminated volume in two
“shorted out” by the E-region conductivity that dominates the spatial dimensions. By monitoring the temporal evolution
DC electrodynamics of the flux tubklysell (2000 invoked  of the radar images, we look for evidence of shear and vor-
a nonlocal theory, attributing the electrical decoupling of thetex flow, track the emergence and growth of primary plasma
waves from the E-region loading to finite parallel wave num- waves and instabilities, and search for a large-scale bottom-
ber effects. A generalized derivation appears in the Appendixside structure that could serve as a seed for ESF plumes.
and shows how plasma waves with transverse wavelengths
of a few kilometers or less can have growth rates comparable
to their local growth rates, even if their amplitudes are con-2 Radar observations
strained to vanish at the feet of the magnetic field lines. The
analysis supports a picture of bottom-type scattering layergigure 1 shows a bottom-type scattering layer observed by
composed of kilometric primary waves on westward-drifting the Jicamarca Radio Observatory on 25 April 2000. The
strata unfavorable to large-scale wave growth. observations were made using a high-powet UW peak)
Several investigators have argued that the shear flow in th&ansmitter and with 450m (&) uncoded pulses, with a
bottomside should suppress intermediate-scale waves in fgoulse repetition frequency (PRF) of 100 Hz. The north and
vor of large-scale wave growtfPérkins and Doles 1)11975 south quarters of the main Jicamarca antenna array were
Guzdar et a].1983 Satyanarayana et all984. However, used for transmission, and reception was performed using
building on the insights oFu et al.(1986), Flaherty et al. ~ Six modules (64ths) of the array with separate receivers and
(1999 pointed out that the shear makes the system nondata acquisition channels attached to each. Data from one
normal, and that even if the intermediate-scale eigenmodegeceiver are shown in Fig. Here, a bottom-type layer ap-
are individually damped by shear, a strong transient responseeared shortly after sunset, ascended briefly, descended, and
can arise at kilometric scale sizes. The lifetime of the tran-then dissipated. The thickness and lifetime of this layer are
sient growth of intermediate-scale waves in the bottomsideypical. In this case, fully-developed spreAdiid not occur.
F-region was found to be long enough to account for bottom- A qualitatively different event is shown in Fig which
type layers. Shear therefore poses no fundamental problentepresents observations from 27 November 2003. The data
for the picture of the layers outlined so far. were collected using 28-bit binary phase coded pulses with
However, the picture has been updated recentlfigeki @ 300m (s) baud length but with only~100kW peak
and Bhattacharyyé 999, who used combined coherent and power. The PRF was again 100 Hz. Transmission and re-
incoherent radar techniques to observe the so-called posteption were again performed with the quarters and 64ths of
sunset vortex flow over Jicamarca. The evening vortex is g¢he main antenna array, albeit with a slightly different con-
flow feature that arises from shear combined with the evenindiguration described below. In this event, the bottom-type
reversal of the zonal electric field that occurs around twilight. layer ascended slowly and continuously and was eventually
It was analyzed theoretically baerendel et a(1992 and ~ accompanied by some plume structures in the early stage of
is now routinely observed at Jicamarca using the experimenformation. Topside irregularities passed over the radar after
tal techniques introduced there Kydeki and Bhattacharyya the bottom-type layer dissipated. The former were presum-
(1999, who also pointed out that the retrograde motion of theably generated during the hour preceding the time they were
bottomside F-region makes it unstable to horizontal wind-observed.
driven gradient drift instabilities in the presence of horizon- Horizontal streaks in the RTI diagrams hint at the exis-
tal density gradients, caused in part by the convection astence of fine structure in the bottom-type layers. The streaks
sociated with the vortex flow. Given typical plasma-neutral are somewhat more pronounced and widely spaced in the 25
differential flow speeds in excess of 100 m/s, gradient drift April 2000 data than in the 27 November 2003 data. The sig-
instabilities can have growth rates much larger than the maxnificance of the streaks becomes clear with the application of
imum anticipated generalized Rayleigh Taylor growth rate.aperture synthesis imaging techniques.
The vortex is well developed when the prereversal enhance- Interferometry with multiple baselines was introduced at
ment is strong, and by linking the bottom-type layers to theJicamarca to construct true images of the radar targets illumi-
vortex, the picture outlined b¥Kudeki and Bhattacharyya nated by the transmitting antenna bedatudeki and $irucil,
(1999 also explains why bottom-type layers and more de-1997). It is well known that interferometry using a single
veloped spread’ share the same climatology. antenna baseline yields two moments of the radio bright-
In this paper, we examine new observations of bottom-typeness distribution, the distribution of received power versus
scattering layers made at the Jicamarca Radio Observatotyearing Farley et al. 1981). Interferometry with multiple
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Fig. 1. Range Time Intensity (RTI) representation of a bottom-type scattering layer. Grayscales represent the signal-to-noise ratio on a dB
scale. No other F-region irregularities were observed.
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Fig. 2. RTI representation of a bottom-type scattering layer accompanied by emerging radar plumes after 20:00 LT and followed by topside
ESF irregularities after 21:00 LT.
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Fig. 3. Aperture synthesis images of the bottom-type layer observed on 25 April 2000 at five local times. Pixel brightness represents the
signal-to-noise ratio on a scale from 0-23 dB.

baselines yields multiple moments, and the totality of theserespectively. We will not derive any conclusions from the
moments can be inverted to reconstruct the brightness distrispectral moments conveyed by the images here but merely
bution versus azimuth and zenith angle. The inversion esserexploit the fact that the colors help highlight some of their
tially amounts to performing a Fourier transform of the inter- morphological features. In general, the spectra of bottom-
ferometry cross-spectrdijompson1986. However, since type layers are usually very narrow, with Doppler shifts that
the cross-spectra are inevitably sampled incompletely due talosely match the layer range rad/godman and La Hqz
the limited number of interferometry baselines available, and1976. Note that the transmitting radar antenna beam mainly
because of the presence of statistical fluctuations in the datdllJuminated regions withint2° of zenith for this experiment,
the inversion generally must be performed using statisticalexplaining why the image peripheries are dark.
inverse methods to achieve satisfactory resdltsdés 1974 The images in Fig3 are characterized by narrow, horizon-
Jaynes1982. For our imaging work, we have employed tally oriented structures that we interpret as primary plasma
the MAXent algorithm pioneered for applications in radio waves. The structures are very similar to those seen in radar
astronomy YVilczek and Drapatz1985 Hysell, 1996. This images of bottomside layers Byysell (1998, who identi-
is considered a “super-resolution” method since the resolufied and analyzed them in terms of their dispersion char-
tion of the images it produces is not inherently limited by the acteristics, except that the latter were vertically oriented.
Nyquist sampling theorem. That the structures now in question are horizontally aligned
Images of the 25 April 2000 layer are presented in Big.  signifies that horizontal wind-driven gradient drift instabil-
They were derived from the 15 distinct cross-spectra madaties, as opposed to Rayleigh Taylor Brx B instabilities,
available for every range gate by receiving backscatter at Jiare at work here. (Collisional interchange instabilities are
camarca using six different spatially separated antennas. Thetrongly anisotropic in the plane perpendicular to the geo-
longest available interferometry baseline at Jicamarca is apmagnetic field and produce waveforms that elongate in the
proximately 100 wavelengths. The five images are snapshotdirection normal to the polarization electric fieldgrgham
computed from 5-s incoherent integrations and spaced bynd Seyler1987. Polarization electric fields are vertically
about 10 min so as to reflect the behavior of the scatteringpriented in the case of horizontal wind-driven gradient drift
layer over a 40-min interval. The pixels that make up theinstabilities.) The vertical separation between different pri-
images are 450m high and 0.Wwide. The brightness of mary waves is about 2 km.
each pixel reflects the signal-to-noise ratio on a log scale. Animated sequences of images reveal a vortex-like mo-
The hue represents the Doppler shift, with red- and blue-ion, with irregularities near the top and bottom of the layer
shifted echoes being color coded accordingly on a continuousnoving slowly eastward and rapidly-70 m/s) westward, re-
color scale. The saturation represents spectral width, wittspectively, and with a clockwise rotation resulting. The pri-
pure and pastel colors signifying narrow and broad spectramary waves grow in horizontal extent over time. They have



D. L. Hysell et al.: Bottom-type layers 4065

Zenith Angle (deg) Zenith Angle (deg)
2 1 o 12 s 4 5 4 a2 1 0 1 2

Altitude (kam)

=0 a2
2003/11/27 19:30:24 2003/11/27 19:35:65 2003/11/27 19:49:28

Fig. 4. Aperture synthesis images of the bottom-type layer observed on 27 November 2003 at three local times. Pixel brightness represents
the signal-to-noise ratio on a scale from 8-25 dB.

lifetimes longer than their transit time through the radar illu- eastward overhead. They existed above the shear node and
minated volume, and the streaks in the RTI plot in Bigor- did not appear to be physically connected to the bottom-type
respond to their transit across this volume. In this examplejrregularities at the time of passage. Theit00 m/s east-
no large-scale organization of the irregularities is evident. Asward drift rate provides a lower limit for the local thermo-
primary waves exit one side of the illuminated volume, oth- spheric wind speed.
ers enter from the other side essentially continuously. The irregularities in the bottom-type layer ceased drifting
Radar images of the 27 November 2003 event are shown imvestward by about 20:40 LT and remained nearly station-
Fig. 4. These were derived from data received on eight spaary within the radar illuminated volume for the next 20 min.
tially separated antennas and the 28 associated cross-spectrais afforded a rare opportunity to observe the long-term,
for every range gate. For this experiment, the transmittinglate-stage temporal evolution of the irregularities in detail.
antenna pattern was also broadened so as to effectively illuimages of the illuminated volume are shown in Fagin the
minate the region withint4° of zenith. The resolution of images, we observe the emergence of large-scale plasma ir-
each pixel in the images is 300 m by 0.1 regularities and radar plumes directly from the bottom-type
As before, the images show that the bottom-type lay-irregularities. Each of the three emerging radar plumes de-
ers are composed of primary waves oriented nearly horipicted here appears to have evolved from one of the existing
zontally. The vertical separation between adjacent primaryclusters of kilometric primary waves. The spatial separation
waves is only about 1 km this time. Animated sequences ofetween the three plumes matches the separation between
images indicate that the irregularities all drifted westward atthe pre-existing clusters. The red hue of the most westward
about 100 m/s initially but decelerated to a near standstill byof the plumes implies a negative Doppler shift, signifying
21:00 LT. The point targets in these images occurring aboverapid irregularity ascent. Animated sequences of images, like
about 350 km are due to so-called “explosive sprédda those in Fig.5, suggest that a transition from intermediate-
phenomenon discussed Woodman and KudeKil984 that  scale gradient drift waves to large-scale Rayleigh Taylor in-
is unrelated to the present study. stabilities was underway.
The main difference between the 25 April 2000 and
27 November 2003 data is that the latter show evidence
of large-scale horizontal organization. Throughout the en-3 Discussion
tire bottom-type layer event, clusters of intermediate-scale
waves, like those shown in Fig, drifted through the radar  The main finding of this research is that bottom-type scatter-
illuminated volume, separated by a horizontal distance ofing layers in the post-sunset equatorial ionosphere are com-
about 30 km. (The illustrative snapshots in FAgvere cho-  posed of primary waves excited by horizontal wind-driven
sen so as to depict two different clusters in each frame.) Theyradient drift instabilities rather than the related Rayleigh
regions of space with irregularities are about as wide as th&raylor or E x B instabilities. New evidence for this comes
regions without, and the 30-km wavelength figure is compa-from the morphology of the primary waves, which are ori-
rable to the height of the layer thickness. Note that there isented nearly horizontally rather than vertically. Gradient
no indication of large-scale periodicity in the RTI diagram in drift, Rayleigh Taylor, ancE x B instabilities are all variants
Fig. 2 because there is always at least one cluster of irreguen the same collisional interchange instability, only with lin-
larities somewhere within the radar illuminated volume. ear growth rates proportional to the forcing functionsv,
Starting at about 19:49 LT, small radar plumes began drift-g /vin, and E/B, respectively, where is the plasma drift
ing rapidly eastward at altitudes above about 380 km. One oBpeed.u is the wind speedg is gravitation,vj, is the ion-
these can be seen in the rightmost image in BigThese  neutral collision frequency is the background zonal elec-
plumes formed to the west of the radar and then driftedtric field, and B is the magnetic induction. Whereas the
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Fig. 5. Images of emerging radar plumes observed on 27 November 2003 at three local times. Pixel brightness represents the signal-to-noise
ratio on a scale from 0-23 dB.

surmise that a large-scale horizontal wave in the plasma den-

N sity existed in the bottomside F-region during this event. The
horizontal conductivity gradients associated with the wave
would be alternately stable and unstable to wind-driven gra-
dient drift instability, effectively turning the process on and

IVn off in alternating phases of the wave (see fag.Periodicity
u is not evident in radar RTI data from Jicamarca and requires

imaging techniques to be discerned.

The fact that retrograde drifts can persist in the bottom-
. . side F-region for several hours after the evening reversal of
Local time or longitude the zonal electric field suggests that the E-region dynamo
(and not just electrojet currents closing near the terminator)
Fig. 6. Diagram illustrating the geometry of bottom-type layer gen- can drive them. A nonlocal analysis in the Appendix of this
eration. The heavy curves are isodensity lines, and the concentrimanuscript shows how gradient drift waves with transverse
circles represent the circulation associated with the evening vortexwavelengths of a few kilometers or less can decouple from
Regions where the horizontal wind is large in the plasma rest frameand thereby avoid being shorted out by the E-region conduc-
and antiparallel to a component of the density gradient are gradi‘tivity required by the dynamo. Large-scale Rayleigh Taylor
ent drift unstable. Convection due to the evening vortex or a”Otherinstabilities will experience damping under the influence of
agent produces horizontal conductivity gradients which are alter_significant E-region conductivity, however, implying that the
nately stable and unstable. T !
two classes of waves cannot coexist on the same flux tube
for very long. Large-scale waves can grow on flux tubes
\6\{jth apex heights above the bottom-type layers, however,

first of these parameters often assumes a value in excess
100 m/s in the retrograde drifting bottomside F-region strataan:nsteem to have done so throughout the 27 November 2003

where the layers reside, the remaining two are generally les&VEN
than 100m/s and tend to cancel to a significant degree in Late inthatevent, large-scale instabilities and plume struc-
the bottomside after the evening reversal of the zonal electridures began to emerge directly from the bottom-type layer as
field. This was pointed out first Bgudeki and Bhattacharyya the retrograde drift was ceasing and just prior to the layer’s
(1999 in their interpretation of the layers. disappearance. The plumes shared the horizontal scale size
In the 25 April 2000 event, primary gradient drift waves Of the initial irregularity clustering. We further surmise that
were observed continuously, undergoing vortex motion inthe large-scale waves present throughout the event served as
a bottomside shear layer. These observations support th@ Seed irregularity for large-scale generalized Rayleigh Tay-
picture described byudeki and Bhattacharyy&999, in lor instability. Large-scale instability was unfavorable earlier
which the evening vortex creates both the differential ion-in the event when the E-region dynamo dominated bottom-
neutral horizontal drift and the horizontal conductivity gra- Side F-region electrodynamics and when intense kilometric
dients necessary to support gradient drift instabilities. NoWwaves were a source of anomalous diffusion. The emergence

large-scale organization of the irregularities was evident, an®f large-scale instabilities very often occurs at the same time

no topside irregu|arities were observed' the retrograde drlftS S'[Op and the bOttom-type |ayerS dISSI-
However, the 27 November 2003 observations showed thalP@t€; just as in this caseiysell and Burchai 99§.

the gradient drift instabilities can be modulated, occurringin  The picture outlined here suggests that it may be pos-

clusters and exhibiting large-scale horizontal periodicity. Wesible to monitor the distribution of irregularities within

Altitude
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bottom-type layers as a diagnostic of large-scale perturba- The condition that the current density be solenoidal in the
tions in the bottomside F-region ionosphere that could servgplasma leads to the following relationship betweenthand
as seed irregularities for ESF. The predictive utility of this ¢ (seeHysell, 200Q for details):
strategy is supported by a few other data sets exhibiting the

: ; 1 1 9 (h d
phenomenology described here and will be evaluated morg, — _ nok?¢p — — —( Hnopy— )|,
comprehensively in future experiments. The 30-km wave- ikEo wi hphg 3p \hp ap
length of the large-scale waves inferred frqm this analysis ISy which h,(p. q) andh,(p, q) are the scale factors associ-
at the short wavelength e_xtreme for gravity waves though_tated with the coordinate system and are discussed in more
to be capable of propagating into the thermosphere, and it etail below. For orthogonal coordinate systems, the scale
possible that the bottom-type layers may be a telltale sign o '

. . . actor is the differential physical length swept out by a dif-
gravity wave seeding. However, the fact that this Wavelengthferential change in the associated coordinate

Is also compgrable_ to the depth of the shear layer suggests A second equation to close the system is provided by ion
a causal relationship between the large-scale waves and tfke

: X ntinuity, which m written as:
shear itself. In a follow-on paper, Hysell and Kudeki (2004) ontinuity, ch may be written as
argue that a collisional shear instability in the bottomside ikno, = 0
F-region can produce large-scale seed waves in the layerd1 + Bl ¢=0,

In that case, monitoring the shear may ultimately provide a h is th wih rate (i . t of f d
practical means of forecasting sprefid wherey is the growth rate (imaginary part of frequency) an

B is the magnetic induction, taken to be constant. In writ-
ing this equation, we take the dominant perturbation verti-
Appendix A cal velocity to be due t& x B drifts driven by the wave and
also suppose that tlag(vertical) derivative of the background
Here, we develop and solve an eigenvalue problem describAumber density can be expressed in terms of the single scale
ing collisional interchange mode plasma waves with planeheight parametel. Combining this result with the result of
wave characteristics perpendicular to the geomagnetic fieldhe quasi-neutrality condition yields the desired eigenvalue
and with variations along the magnetic field. The derivation problem.
is related to the calculation performed Bgirley(1959. We 52 19¢38
can show that F-region waves with sufficiently large perpen-2-¢ + 10g 99 + 22ty — o0, (A1)
dicular wave numbers can be electrically decoupled from thedp? g dp dp P
E and valley regions and therefore remain undamped by con
ductivity present at the feet of the magnetic field lines. This
calculation extends upon the one presentedipsell (2000 g = (hy/hpnou
by including magnetic field curvature effects.
k2 = k2 (& 1)

in which the following auxiliary variables appear

We adopt an orthogonalx, p,q) coordinate system, (A2)
wherex is eastwardp is parallel to the geomagnetic field, Y

andgq is normal tax andp. We then write the current density and wherey, = E,/IB is the well-known linear, local

Jin the plasma as growth rate for collisional interchange instabilities driven by
a background electric field. (This term could equally well in-
J=nep By +nep|Ep, clude gravity and wind drivers for the generalized Rayleigh

Taylor instability.)
The significance of the eigenvalug is made clear by
Isolving Eq. (2) for the growth rate as follows:

wheren is the plasma number densidjis the electron charge
magnitudeE is the electric field, angt | andyu are the per-
pendicular and parallel plasma mobilities, respectively. Hal

mobility is neglected in this analysis. The current density is Yo
linearized according to the following prescriptions: ] +k2/k2°
E(x, p,q) = Eox — Ve (p)e! @ —+0 Evidently, the growth rate of a wave can only be comparable

i(wt—kx) to its local growth rate estimate if its transverse wave number
k is comparable to or greater thagn which therefore serves
wheren,(p, ¢) andE, are equilibrium values, angl andny as an effective cutoff wave number for a given mode. The
are the perturbed electrostatic potential and number densitygituation is analogous to waveguide cutoff.
varying withx andp as indicated. Note that the background The boundary conditions on EgAY) are chosen to re-
parameters do not vary with. Note also that, while this flect an instability driven mainly at the magnetic field apex
parameterization is strictly appropriate for waves producedpoint and damped at the feet of the field lines. We therefore
by Rayleigh Taylor instabilities, we could equally well ana- take the potential to have a maximum at the apex point (here
lyze horizontal wind-driven gradient drift instabilities by ex- 350 km altitude) and a zero at a nominal altitude of 125 km.
changing the roles of andg without affecting the conclu- The eigenvalues do not turn out to be very sensitive to the
sions of the analysis. altitudes chosen.

n(x, p,q) =no(p,q) +ni(pe
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sional differential equations can be nearly constant, facilitat-
- ing efficient use of computational resources.
o e The mode shapes for the four lowest order eigenmodes of
T Eq. (A1) were computed using a second-order Runge Kutta
T method and plotted in FigA1l. These were calculated using
’ parameters derived from the IRI12001 and MSIS90E models
, P ’ for the longitude of Jicamarca and for conditions representa-
/’ yd tive of December solstice, 20:00 LT, during moderate solar
_ -/ flux conditions.
/ The labels on FigA1l are the corresponding eigenvalues,
= A written as cutoff wavelengths, i.ex2k,. These are the
250 N longest transverse wavelengths that the unstable waves can
N have without suffering significant damping due to conductiv-
‘ N ity in the E and valley regions. The values shown are of the

N \ 2 order of a few kilometers.
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