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PLASMA INSTABILITIES IN THE
EQUATORIAL F-REGION:
NATURAL AND ARTIFICIAL MECHANISMS

1. INTRODUCTION

Accumulating information regarding the equatorial F-region ionosphere has proven it to
be a particularly important domain for the communications and ionospheric sciences as well as
investigations of fundamental plasma processes that have counterparts in atmospheric releases
and controlled laboratory experiments. This wide range of interest has in recent years brought
considerable intensity into equatorial investigations with major technical, scientific, and
engineering advances contributing to our current understanding and future plans for adaptive
communications system design and ionospheric modification and control.

Rapid advances require occasional synthesis in order to draw proper perspectives and
establish an improved definition of near-term and longer range plans. This document bears that
objective, particularly as it relates to radar, rocket and satellite studies of the turbulent ionos-
pheric plasma state, the theoretical and computational descriptions, and chemical releases for
controlled ionospheric modifications. Emphasis is placed on important relationships involving
spread-F, naturally-occuring ionospheric bite-outs, and artificial ionospheric holes. Current
understanding is reviewed, deficiencies identified, and future programs involving the Naval
Research Laboratory are discussed.

2. CURRENT UNDERSTANDING
2.1 Natural Ionospheric Holes and Equatorial Spread F
2.1.1. Status of Experimental Results

Since the original discovery of equatorial spread F (ESF) by Booker and Wells [1938],
considerable observational and theoretical advances have been made in understanding the asso-
ciated phenomena. The advances have largely been a result of improved "in-situ” measurement
techniques, expanded and detailed ground-based radar observations, and the development of
computational techniques that describe candidate plasma instabilities that might be active in the
equatorial ionosphere.

The increased activity in the study of the equatorial ionosphere has resulted in
modifications in theoretical models as new and improved data have been made available. But as
yet there is no completely satisfactory explanation for the cause, development, chemistry, and
transport of irregularities in the equatorial ionosphere. Even the longstanding morphology of
equatorial F-region irregularities has been scrutinized, raising questions of previously unrecog-
nized longitudinal dependencies.

Manuscript submitted January 1, 1979.
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The Jicamarca Observatory (76.87°W, 11.95°S; 1° dip) near Lima, Peru has provided the
most extensive data base for the time and space development of ESF. Operating at 50 MHz,
the observatory’s radar shows reflections from 3 meter size ionospheric irregularities as a func-
tion of altitude and time. Figure 1 shows a typical RTI (Range-Time-Intensity) plot collected
in the evening during spread-F conditions. The abscissa is time, increasing from early evening
on the left to the early morning hours on the right. The figure is used here to summarize
salient features of the radar observations that will be coupled to subsequent discussions on
chemistry and transport. More detailed discussions on RTI data at Jicamarca are available in
the works of Woodman and La Hoz [1976], Farley et al. [1970) and Calderon [1975).

The gray-scale shows intensity of radar energy reflected from 3 meter scale size
irregularities...the darker the image, the greater the reflected energy. The dotted line on the
RTI plot locates the nominal altitute of the F-layer peak (h(max)). The h(max) line is not the
result of actual data collected simultaneously with the RTI plot but represents accumulated
information on the post-sunset behavior of the laminar ionosphere over Jicamarca (e.g., Farley
et al. [1967], and Calderon [1975]).
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Fig. | — Range-time-intensity (RTI) plot of backscatter energy at Jicamarca Observatory
Superimposed is the nominal location of the F-layer peak (from S:=uszczewrez, 1977)

The salient features in Figure 1 are as follows:

(a) Three-meter size irregularities are fundamentally a bottom-side spread-F condition in
the early evening hours.

(b) The irregularities tend to rise-up and break-away from their lower altitude source
region. This observation has spawned the use of the terms "bubbles,” "piumes." and "fingers" to
describe the motion of the irregularity domains.

(c) The irregularities that break-away generally move upward. with their intensity
decreasing as time moves into the early morning hours.

(d) Bottom-side irregularities generally persist throughout the entire period of spread-F
conditions. This is not the case for top-side irregularities.
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Additional conclusions can be drawn from Woodman and La Hoz [1976] concerning the
relationship between the time axis of the RTI plot and the east-west profile of irregularity struc-
ture. They note that since the ionospheric plasma superrotates in an easterly direction at an
approximate rate of 125 m/sec, a one hour excursion in time on an RTI plot is equivalent to a
450 km E-W separation. With some qualifications imposed by temporal F-region develop-
ments, one can view one-hour segments of any RTI plot as an approximate E-W snapshot of
regions of 3 meter size irregularities as one looks toward the south. This observation suggests
the following conclusions:

(i) The three-meter size irregularities generated on the bottom-side tend to move upward
and westward,

(ii) The east-west extent of the topside irregularity regions are extremely variable with
time and altitude. Consider in Fig. 1 the early evening horizontal cut at an altitude of 340 km.
A properly instrumented satellite or Spacelab payload passing through this region would observe
three meter size irregularities over a 285 km range with substructure down to approximately 10
km.

A synthesis of radar results with the findings of rocket-, satellite-, and ionosonde investi-
gations [Basu et al., 1976; Balsley et al., 1972; Dyson et al., 1974; Hanson et al., 1973; Farley,
1974; Kelley and Mozer, 1976; McClure and Woodman, 1972; McClure and Hanson, 1973)
(including scintillation observations by Aarons and Allen [1971] and Koster [1972]) shows that
equatorial F-region irregularities have latitudinal, diurnal, seasonal, and solar cycle variations
with day-to-day perturbations superimposed. Spread F is essentially a nighttime phenomenon
in the equatorial region (+20° of the magnetic dip equator) with the most intense periods of
irregularities occurring within 2200 + 3 hours LT. It appeared at first that the majority of irre-
gularities fell into the "noiselike" structure where the amplitude increased approximately as the
irregularity scale size from 70 m to 7 km (Dyson et al., 1974). More recently, however, the
works of Brinton et al. [1975], McClure et al. [1977], Morse et al. [1977], and Szuszczewicz
[1978] indicate that the bite-outs (or holes as they are often referred to) reported by Hanson
and Sanatani [1973] and McClure and Hanson [1973] occur more frequently than was originally
thought and in fact are considered just as characteristic of spread F as the less intense irregulari-
ties.

Typically, the ion composition is vastly different inside and outside the bite-outs. Fe*
ions may be enhanced or depleted, with molecular ions usually more abundant inside the bite-
out. Brinton et al. [1975] and McCLure et al. [1977]) have found O* depleted by as much as a
factor of 10° to a concentration below that of NO*. The molecular ion NO* was found to be
the dominant ion in the O* depleted region, and it was found that the bite-outs varied from a
few kilometers to tens of kilometers in width. A typical satellite observation of equatorial bite-
outs is shown in Fig. 2.

In the analysis of the data in Fig. 2 [Szuszczewicz, 1978] particular attention was given to
possible relationships between ionospheric holes and the smaller-scale (3 m) irregularities
observed by the Jicamarca radar. lon chemistry and transport considerations were found to
support the concept that equatorial holes and equatorial spread F could be one and the same
phenomenon, with the smaller-scale irregularities imbedded within the much larger scale ionos-
pheric depletions. The chemistry and transport model which emerged from the analysis con-
sidered a given chemical volume on the bottomside F layer ([NO*], [0f] > [O*]) to move
upward through a stationary neutral atmosphere and appear at higher altitudes as a bite-out in
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Fig. 2 — AE-C Bennett ion mass spectrometer (BIMS) measurements of
0", 04, and NO* in a single equatorial crossing wecar 265 km (from
Szuszczewicz, 1978).

the local plasma density. As this plasma cell moved upward, the relative magnitudes of its ionic
components depended on altitude through the height distribution of the neutral gases.

The concept of an upward moving ionospheric plasma cell is in agreement with the drift
velocity measurements of McClure et al. [1977]. The concept is also consistent with the com-
putational work of Scannapieco and Ossakow [1976], which showed that bottomside F region
irregularities at low plasma densities (102 — 10* cm™3) could be transported to more dense
ionospheric domains (10° — 10° cm™®) and appear as ionospheric holes. The source region can
be low enough in the ionosphere to encompass domains of molecular ion domination but can-
not be so low as to damp the growth of plasma instabilities necessary to raise it to higher alti-
tudes.

The arguments developed by Szuszczewicz [1978], showing a parallel between large-scale
ionospheric bite-outs and 3-m size irregularities normally identified with ionospheric spread F,
are consistent with earlier observations of Fe* at high equatorial altitudes. But the present pic-
ture is broader in scope, indicating that NO* and O; in the holes are more likely to be con-
sistent signatures of spread F since they are characteristic of bottomside composition which is
maintained in first order as it is transported to the topside. The existence of Fe* on the topside
is likely to be dependent on a two-step process which first requires the transport of metallic ions
from the 95-km region to the bottomside of the F layer as a result of the strong polarization
fields which accompany the equatorial electrojet. The continued upward movement of Fe* can
then be a manifestation of the "fountain effect” as described by Hanson et al. [1972] or a
further demonstration of a "frozen" chemical volume of bottomside composition transported to
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higher altitudes by the Rayleigh-Taylor process [Dungey, 1956; Haerendel, 1974; Hudson and
Kennel, 1975; Scannapieco and Ossakow, 1976]. In this case, O* will always be depleted, while
the moleculars NO* and O dominate; Fe™ will be present only when the E region transport
mechanism is actively depositing Fe* on the bottomside of the F layer.

2.1.2. Developments in Plasma Instability Analyses

The advances in the observational data have been paralleled by developments in theoreti-
cal and numerical simulation techniques. The result has been a relatively intensive probe into
the fundamental plasma instability mechanisms causing ESF.

Serious ESF plasma analysis had its beginning in linear theories with Dungey [1956] being
the first to suggest that ESF was initiated on the bottomside of the F-layer by the Rayleigh-
Taylor instability. In 1957 Dagg proposed that ESF was due to coupling between the E and F
regions. Two years later, Martyn [1959] suggested the £ x B gradient drift instability and in
1963 Calvert proposed the downward motion of the neutral atmosphere at night as being
responsible for ESF. (This mechanism was essentially equivalent to the E x B instability
because of the relative motion between ions and neutrals in determining the instability). All of
the linear instability mechanisms suffered from a common problem, the inability to explain the
formation of irregularities at and above the F-layer peak.

The collisional Rayleigh-Taylor instability with field line averaging was also proposed
(Balsley et al., 1972; Haerendel, 1974) as a linear instability mechanism. By averaging
(integrating) the density along the magnetic field the total electron content profile becomes
steeper on the bottomside and its effective peak is raised in altitute with respect to the local
electron density peak. This allowed the linear mechanism to operate to slightly higher altitudes
(~ 100 km greater), but still would not explain the existence of irregularities above this "new
peak."

Hudson and Kennel [1975] pointed out the importance of the collisional drift mode in
ESF in the wavelength regime 30m-100m. This mode could be excited on both the top and
bottomside but still would not explain the longer wavelengths. In their paper, finite Larmor
radius (FLR) corrections were also applied to the collisionless and collisional Rayleigh-Taylor
instability.

Several nonlinear theories have been invoked to explain the different ESF observations.
For example Hudson et al. [1973] suggested that the very smallest scale ( < 10m) irregularities
(e.g., those seen by radar coherent backscatter) were due to a two step process. In this
prescription a longer wavelength instability sets up the driving conditions for the shorter
wavelengths to become unstable. This is similar in spirit to the successful two step theory
(Sudan et al., 1973) proposed for Type Il equatorial E region electrojet irregularities. Haeren-
del [1974] suggested that the range of wavelengths (many kilometers down to meters) exhi-
bited by ESF phenomena was due to a multi-step process involving: (i) the collisional
Rayleigh-Taylor (R-T) instability driven by gravity and the zero order electron density gradient
scale length on the bottomside; (ii) the E x B gradient drift instability with vertical wave vec?
tors then arises due to the horizontal large amplitude variations set up by the collisional R-T
instability; (iii) the inertial (collisionless) dominated R-T instability then takes over, and finally
(iv) kinetic drift waves grow upon these irregularities after they reach large amplitude. Cha-
turvedi and Kaw [1976] also pointed to the unlikely probability that the same instability
mechanism could directly excite plasma irregularities over as wide a range of wavelengths as
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that observed in ESF. They suggested a two step theory in which longer wavelength R-T
modes coupled to kinetic collisional drift waves in a manner that resulted in a k2 irregularity
spectrum. (The need for the coupling of various instability processes has proven to be a neces-
sary feature in explaining the full spectrum of ESF phenomena. As another illustration there is
the very recent radar observation of 1 meter and 36 cm irregularities which motivated a pro-
posed linear theory for high frequency drift waves generated by the drift-cyclotron and lower
hybrid instabilities (Huba et al., 1978). This theory was set forth as & possible explanation for
the occurrence of these irregularities below the ion gyroradius).

A major breakthrough was made by Scannapieco and Ossakow [1976] who performed a
nonlinear numerical simulation of the collisional R-T instability for ESF geometry. The simula-
tion results showed that the collisional R-T instability generated irregularities and bubbles
(plasma density depletions) on the bottomside of the F region which subsequently rose beyond
the F peak by nonlinear polarization-induced £ x B forces. This was the first theoretical result
to explain how long wavelength irregularities could apear on both the bottomside and topside of
the F-region. The results were in accord with the observations of Kelley et al. [1976], McClure
et al. [1977], Woodman and La Hoz [1976] and consistent with the more recent analysis of
Szuszczewicz [1978]. Ossakow et al. [1979] extended the earlier work on nonlinear ESF to
study the dependence on altitude of the F peak and the bottomside electron density scale
length. They found that under favorable conditions, e.g. high altitude of the F peak and/or
steep bottomside background electron density gradients, the collisional Rayleigh-Taylor instabil-
ity caused linear growth on the bottomside of the F region. This in turn caused plasma density
depletions or bubbles to be formed on the bottomside which then steepened on their top and
rose nonlinearly above the F layer by polarization (induced) E x B motion. This in turn pro-
duced irregularities on the topside of the F !ayer where a linear analysis would predict no irre-
gularities. High altitude of the F peak, small bottomside background electron density grandient
scale lengths, and large initial bottomside percent depletions yielded large vertical bubble rise
velocities. They specifically showed that changing the altitude of the F peak from 300 km to
430 km can have dramatic effects on the evolution of ESF. One of their simulations is shown
in Fig. 3.

In parallel efforts Ossakow and his colleagues advanced an analytical nonlinear mode-
mode coupling theory for the coherent development of the collisional R-T instability (Cha-
turv.di and Ossakow, 1977). Their theory suggested that vertical modes would be dominant
and result in a k2 power spectrum. Hudson [1978] extended the results to the collisionless
R-T regime and reached similar conclusions. Analytical models for the rise of collisional and
collisionless R-T ESF bubbles, in analogy with fluid bubbles, were presented by Ott [1978]. At
the same time, Ossakow and Chaturvedi [1978] presented analytical models for the rise of colli-
sional R-T ESF bubbles within the context of the electrical analogy with barium clouds.

Costa and Kelley [1978a,b] suggested that coherent steepened structures and not tur-
bulences would give a k ~2 power spectrum. Moreover, these sharp gradients could cause small
scale sizes (~ 20m) by collisionless low frequency (much less than the ion gyrofrequency, 0 ,)
kinetic drift waves via a two step process. Their analysis was a linear one carried out on a non-
linear state, i.e., one achieves the steepened gradients by nonlinear processes and then one par-
forms linear theory on this state. Kelley and Ott [1978] suggested that the ESF bubbles, in the
collisionless R-T regime, generate a wake with vortices. They then applied two dimensional
fluid turbulence theory to the model. This resulted in the development of turbulence at shorter
and longer wavelengths than the bubble size. This in turn led to a prediction of k~' for the
power spectrum (which does not appear to be in agreement with existing experimental obszrva-
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Fig. 3 — Contour plots of constant ny,ny for the simulation ESF 1 at r = 2000, 4000, and 10,000 sec. The small
dashed contours with a plus sign inside and the solid contours with a minus sign inside indicate enhancement and de-
pletions over the ambient electron number density. The large dashed curve depicts the ambient electron number den-
sity (values on upper horizontal axis), ny, as a function of altitude. The vertical y axis represents altitude, the lower
horizontal x axis is east-west range, and the ambient magnetic field is along the : axis, out of the figure (from Ossakow
etal., 1978).
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tions) in the range Lg' < k <Lp', where Lg is the stirring (bubble) size and L, is a dissipa-
tion length cutoff.

2.2. lonospheric Modification and Artificial Spread F

2.2.1. Overview

Within the context of naturally occurring ionospheric holes and their relationship to ESF,
it becomes a natural scientific extension to test the hypotheses with a controlled experiment. In
line with this idea has been a developing interest and technology which has focussed on the
artificial production of ionospheric holes by injection of chemically reactive species (Barnes,
1961, Booker, 1961; Bernhardt et al., 1975; Bernhardt, 1976, Brown, 1977; Jackson et al., 1962;
Mendillo et al., 1575a,b, 1978; Pongratz et al., 1978; Sjolander et al., 1978; Anderson and
Bernhardt, 1978). The principle of artificial spread F involves two questions: (a) Can a sub-
stantial ionospheric depletion be artificially produced in a controlled experiment? (b) If such a
hole is generated on the bottomside or near the peak of the F-layer, will it rise to higher alti-
tudes and produce irregularity spectra like that of natural ESF? The first answer is affirmative,
particularly since the recent success of the Lagopedo experiments (Pongratz et al., 1978; Sjo-
lander et al., 1978). The second question has already received theoretical treatment (Ossakow
et al.,, 1978) yielding some very promising results that point to meaningful applications and
tests on Spacelab.

2.2.2. The Lagopedo Results

Lagopedo I and Il were two rocket-borne modification experiments coordinated by the Los
Alamos Scientific Laboratory during September 1977 operations at the mid-latitude site of the
Kauai Test Facility in Hawaii (Pongratz et al., 1978). The lonospheric Diagnostics Section of
the Naval Research Laboratory provided the in situ measurements of the pre- and post-injection
jon composition and developed the theoretical code which detailed the dominant modification
chemistry (Sjolander et al., 1978, Sjolander and Szuszczewicz, 1979). The principle of ionos-
pheric modification involves the release of a chemically reactive gas such as H, or H,0 into an
O* dominant domain. This enhances the normally slow depletion limiting reactions (O* +
N,— NO*+ Nand O*+ 0, — O + O with rates in the 107" to 107"*cm?*s ™' range ) by
introducing a more rapid process of charge exchange (e.g. O* + H,0 — H,0*+ O at
10 °cm?s™"). The subsequent dissociative recombination of the artificially produced molecular
ions results in a charge-depletion process which exceeds that naturally occurring in the O* dom-
inant F-region. The Lagopedo experiments employed an 88 kg nitromethane-ammonium
nitrate explosive which yielded an injection mixture of H,0, CO,, and N,. The experimental
and theoretical results (solid lines) of Lagopedo II are presented in Fig. 4. Points relevant to
artificial ESF include:

(a) The unequivocal determination of an artificial hole with an approximate radius of 40
km and local depletions ranging from three orders of magnitude in the near-event space-time
domain to approximately a factor of 50% near the edges of the injected cloud of gases.

(b) The presence of ion components normally not found in the natural ionosphere (e.g.
H,0*, H,0*, HCO*, HCOY; and Al' from disintegration of the explosive cannister). These
were products of the injection process and in the application to artificial ESF could prove them-
selves as easily identified tracers (Szuszczewicz, 1978) if the hole were created on the bottom-
side and rose to higher altitudes.
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2.2.3. Arntificial Equaiorial Spread-F

In order to explore the possibility of artificial ESF QOssakow et al. {1978] developed a
simplified model which merged the principles of Lagopedo with previous nonlinear numerical
codes. They did not follow the chemical kinetics of the actual time- and space-dependent
depletion process, but followed the evolution of the hole after it was produced (assuming time-
dependerit chemistry was no longer in effect). One of the cases which they considered in their
simulations assumed the F-layer at 350 km with a peak background plasma density n, = 2.2
(10%°) em™3. Their initial conditions on the hole assumed a constant 97% depletion over a cen-
tral 30 km domain decreasing to the ambient density over a 20 km extent on each side (total
extent of the assumed hole was 70 km). The hole was located on the bottom-side gradient at a
release altitude of 300 km. The evolution of the bubble and its penetration above the F-layer
peak is shown in Fig. 5. At ¢t = 2000 sec the top of the hole has penetrated the F-peak... exhi-
biting a more rapid rise time than in a natural spread-F hole (~ 8000 sec) in this same ionos-
pheric density profile (see Fig. 3). This happens because, by definition, a large artificial deple-
tion bypasses the initial linear phase of development.

These results and others in the same work point to the realistic application of chemical
modification to artificial ESF.




TR 4 g

ey

(KM)

ALTITUDE

(KM)

ALTITUDE

L ot b e et

SZUSZCZEWICZ, OSSAKOW, SJOLANDER, HOLMES AND WALKER

Ng X 10°SCH
A 7 x . : ;
- 4 l'l\ 15 1.0 1.5
\
05EC -
el
BT =5 ] K 100
(KHJ
Ng X 10°SCHd
il B J%l\ 1S 10 18
2000 SEC

172

(KH)

Ng X 10°5CH!
052 A f& l'.l £ 1'.5 !’.B 1.5
\
500 SEC =
152
T
“
W 412
=
-
=
-
<
12
”gll" = lSl) : 0 lSl 100
(KM

Fig. 5 — Contour plots of constant n,/ng for + =0, 500,
and 2000 sec. The large dashed curve represents a plot of
the ambient electron number density (values on upper hor-
izontal axis), ny, as a function of altitude. The vertical ()
axis represents altitude, the lower horizontal (x) axis east-
west range, and the ambient magnetic field is out of the
figure (z). At = 0 sec (initial condition), the circular con-
tours represent the artificial depletion (-) such that the
outermost contour is a 16% depletion and the innermost is
a 96% depletion (inside this contour is a constant 97% de-
pletion). At ( = 500 sec, the smaller dashed contours are
contours of constant » /ny for plasma density enhance-
ments (+). The enhancement contour represents a 19%
enhancement. At ¢ = 2000 sec, the inner enhancement
contour represents a 236% enhancement (from Ossakow et
al., 1978a).




P T T— T T

iy

NRL MEMORANDUM REPORT 3940

3. DEFICIENCIES AND THE NEED FOR FUTURE INVESTIGATIONS

3.1. Electron Density and Spectral Characteristics

Although much progress has been made in understanding ESF phenomena, more detailed
work needs to be done on the fundamental plasma process in order to definitively unfold the
active first principles and their coupling to the natural ionosphere. For example, we have yet to
define the electron density fluctuation power spectrum over the broad domain encompassed by
ESF. The preceding sections clearly point to the importance of these measurements as a first
approach in understanding the multi-step plasma processes in which large scale irregularities
(kilometers) cascade to much smaller dimensions (<3 meters). In this regard there has been
only one satellite investigation which attempted (Dyson et al., 1974) to define the irregularity
spectra and associated causal mechanisms. The data come from the OGO-6 retarding potential
analyzer operating at altitudes above 460 km at an orbital inclination of 82°. With the instru-
ment limited to scale sizes greater than 70 m, the most common feature at all latitudes
appeared to be an irregularity spectrum with amplitude structure increasing approximately as the
scale size. Departures from this power law spectral behavior were classified as "sinusoidal" or
"ground glass" irregularities and tentatively identified as different phases of the (unknown) pro-
cess responsible for the power law dependence. The work of Dyson et al. [1974], along with
the cataloging efforts of McClure and Hanson [1973], represents one of the most important
experimental steps. From here higher resolution correlative plasma measurements must be
made in high and low inclination orbits in order to establish the degree of isotropy in the irre-
gularity spectra perpendicular and parallel to the geomagnetic field. The definition of spectral
characteristics needs to be extended down to sizes < 3 meters and must be studied within the
context of positions relative to the F-layer peak and any superimposed ionospheric depletions.
These measurements must also be extended into the domain of time correlation in order to
study the variations of spectral distributions that are expected to take place during the develop-
ment of the multistep plasma instability processes.

3.2. Electron Temperature and Chemistry

The need for extended studies of electron density fluctuation power spectra cannot stand
alone in determining all the causal mechanisms. The existing data shows that any study of
equatorial irregularities must determine the degree of balance between the chemistry and the
dynamics of the ionosphere. Here the electron energy plays a critical role in the dissociative
and radiative recombination processes (Biondi, 1969, 1972; Lindinger et al., 1974; Oppenhei-
mer et al., 1977; Torr et al., 1976, Oppenheimer and Brace, 1976). The impact of 7, on chem-
istry, coupled with the fact that 7, centrols the short wavelength cutoff in the linear develop-
ment of ionospheric fluid-type plasma instabilities (Ossakow, 1974) establishes the measure-
ment of electron temperature as important to a full understanding of spread-F irregularities and
equatorial bite-outs.

The T, measurements must be made inside and outside of the ionospheric holes, as well
as across the sharp boundaries that are a characteristic feature of many of the depleted domains.
The measurement capability must clearly extend to rapidly changing density environments and
into domains where contaminating species (e.g. H,O in a modification experiment) can seri-
ously degrade the measurement integrity (Holmes and Szuszczewicz, 1975; Szuszczewicz and
Holmes, 1975). The electron temperature must be determined in F region chemical release
experiments, particularly in the daytime ionosphere where the electron gas can be heated by as
much as a factor of two in the presence of an artificially depleted ion population (Bernhardt,
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1976). The 7, measurement should also be done simultaneously with the determination of
electron density fluctuation power spectra in order to determine the role of electron energy in
the naturally occurring instability processes as well as those that might be triggered by chemical
releases.

3.3 Current and Projected Efforts Within NRL

In an effort to close the gap between macroscopic phenomenology and detailed under-
standing of causal mechanisms, the Naval Research Laboratory is participating in a number of
programs specifically designed for the development of predictive capabilities for the naturally-
and artifically-triggered onset of ESF. In many cases these programs involve cooperative efforts
with other agencies. Near-term contributors in this category include the DNA/Kwajalein cam-
paign planned for August 1979 and the F-region polar orbiting STP satellite S3-4.

The DNA effort involves two rockets instrumented with high resolution plasma probes,
electric field sensors, a mass spectrometer, and a VHF-UHF beacon experiment. The rocket
launches will be timed for penetration of ESF plumes and the diagnostics will be coupled with
the ground-based measurements of radar, ionsonde, and neutral winds.

The STP/S3-4 satellite (launched March 1978) includes a pair of precision plasma probes
which provide direct measurements of the ionospheric state, its condition of irregularitiy, and
the associated electron density fluctuation power spectra. This experiment is providing the first
satellite opportunity to assemble power-law information to wavelengths as small as 19 meters
and to compare the results with the Kwajalein/Altair radar observations. In addition, the exper-
iment has operational modes which test the roles of electron energy and ion composition in the
distribution of wave energy in the cascading process of large-to-small scale ionospheric plasma
irregularities.

Longer range plans are focussed on formation flights of LASSII (a Shuttle-launched free-
flying satellite) with orbiter-borne sensor packages. The tandem operations will provide the first
capability for the separation of space and time variations in the ionosphere and their effect on
transionospheric communications. Initial efforts will involve ionospheric studies of localized
chemical releases while full advantage will be taken of ground-based diagnostic systems as well
as existing transit and geostationary satellites. LASSII is a multi-agency, multi-purpose mission
designed for 1-3 week investigations with subsequent recovery by Shuttle. It will carry a state-
of-the-art complement of instrumentation designed for basic and applied ionospheric plasma
research and the associated development and test of DoD space communications networks.
Current level of effort within the Space Test Program plans for operations of the Shuttle-borne
compliement in FY-82,

All these programs couple experimental and computational efforts which address specific
issues involving fundamental causal mechanisms. Among these issues are:

(a) The relationship between very small scale irregularities ( < 3 m) and the longer
wavelength fluid type perturbations;

(b) The effects of zero-order ionospheric plasma conditions including location and inten-
sity of the F-layer peak, the scale size of the bottomside gradient, and ion inertia;
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(¢) The ESF bubble decay process and the role of plasma diffusion perpendicular and
parallel to the geomagnetic field;

(d) The transport of bottomside F region plasma cells to higher altitudes and the varia-
tions in initial characteristics (e.g. N,, T,, and M,) as the cell penetrates the F-layer peak and
appears on the topside;

(e) Irregularity spectral characteristics as a function of space, time (in the instability
growth sequency), and F-layer parameters...particularly as they correlate in space relative to
ambient depletions (i.e. What are the spectral indices within the hole, across its boundaries,
and in the nearby domains?).

Programmatic details and associated results will appear in subsequent publications.
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0ICY ATTN C-E-SERVICES DIVISION

S




COMMANDER

FRADCOM TECHNICAL SUPPORT ACTIVITY

DEPARTMENT OF THE ARMY

FORT MONMOUTH, N.J. 07703
01CY ATTN DRSEL-NL-RD H. BENNET
01CY ATTN DRSEL-PL-ENV H. BOMKE
01CY ATTN J. E. QUIGLEY

COMMANDER

HARRY OIAMOND LABORATORIES

OEPARTMENT OF THE ARMY

2800 POWDER MILL ROAD

ADELPHI, MD 20783

(CNWDI-INNER ENVELOPE: ATTN:

01CY ATTN DELHO-TI M. WEINER
0I1CY ATTN DELHO-RB R. WILLIAMS
01CY ATTN DELHO-NP F. WIMENITZ
01CY ATTN DELHO-NP C. MOAZED

-

COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

01CY ATTN CCC-EMEQ GEORGE LANE

COMMANDER
U.S. ARMY FOREIGN SCIENCE & TECH CTR
220 7TH STREET, NE
CHARLOTTESVILLE, VA 22901
01CY ATTN DRXST-SD
0I1CY ATTN R. JONES

COMMANDER
U.S. ARMY MATERIEL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
01CY ATTN DRCLDC J. A. BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
8LDG 2073
SPRINGF IELD, VA 22150
01CY ATTN LIBRARY

DIRECTOR

U.S. ARMY BALLISTIC RESEARCH LABS

ABERDEEN PROVING GROUND, MD 21005
01CY ATTN TECH LIB EDWARD BAICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MONMOUTH, NJ 07703
01CY ATTN DOCUMENT CONTROL

COMMANDER
U.S. ARMY MISSILE INTELLIGENCE AGENCY
REDSTONE ARSENAL, AL 35809

01CY ATTN JIM GAMBLE

OIRECTOR
U.S. ARMY TRADOC SYSTEMS ANALYSIS ACTIVITY
WHITE SANDS MISSILE RANGE, NM 88002

0iCY ATTN ATAA-SA

01CY ATTN TCC/F. PAYAN JR.

01CY ATTN ATAA-TAC LTC J. HESSE

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
! WASHIGTON, D.C. 20360
: 01CY ATTN NAVALEX 034 T, HUGHES
' 01CY ATTN PME 117
: 0ICY ATTN PME 117-T
01CY ATTN CODE 5011

R SRS SRS B T (13w

DELHD-RBH)
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COMMANDING OFFICER
NAVAL INTELLIGENCE SUPPORT CTR
4301 SUITLAND ROAD, BLDG. S
WASHINGTON, D.C. 20390
0I1CY ATTN MR. DUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE 5404 J. GALET

COMMANDER
NAVAL SURFACE WEAPONS CENTER
OAHLGREN LABORATORY
DAHLGREN, VA 22448
01CY ATTN CODE DF-14 R. BUTLER

COMMANDING OFFICER

NAVY SPACE SYSTEMS ACTIVITY

P.0. BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA. 90009
01CY ATTN CODE 52

OFFICE OF NAVAL RESEARCH

ARLINGTON, VA 22217
01CY ATTN CODE 465
01CY ATTN CODE 461
01CY ATTN CODE 402
01CY ATTN CODE 420
01CY ATTN CODE 421

COMMANDER
AEROSPACE DEFENSE COMMAND/DC
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

01CY ATTN DC MR. LONG

COMMANDER
AEROSPACE DEFENSE COMMAND/XPD
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

01CY ATTN XPDQQ

01CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY ATTN OPR HAROLD GARDNER
01CY ATTN OPR-1 JAMES C. ULWICK
01CY ATTN LKB KENNETH S. W. CHAMPION
01CY ATTN OPR ALVA T. STAIR
01CY ATTN PHP JULES ARRONS
01CY ATTN PHD JURGEN BUCHAU
01CY ATTN PHD JOMN P. MULLEN

AF WEAPONS LABORATORY

KIRTLAND AFB, NM 87117
01CY ATTN SUL
01CY ATTN CA ARTHUR M. GUENTHER
01CY ATTN DYC CAPT J. BARRY
01CY ATTN DYC JOMN M. KAMM
0I1CY ATTN DYT CAPT MARK A, FRY
01CY ATTN DES MAU GARY GANONG
01CY ATTN DYC J. JANNI

AFTAC

PATRICX AFB, FL 32925
CICY ATTN TF/MAJ WILEY
0iCY ATIN TN

AIR FORCE AVIONICS LABORATORY

WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN AAD WADE HUNT
01CY ATTN AAD ALLEN JOMNSON

DEPUTY CHIEF OF STAFF

RESEARCH, DEVELOPMENT, & ACQ

DEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C. 20330
01CY ATTN AFRDQ

A S8 GBS st
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HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/XR
DEPARTMENT OF THE AIR FORCE
HANSCOM AF8, MA 01731

’ 01CY ATTN XR J. DEAS

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
. HANSCOM AFB, MA 01731
01CY ATTN YSEA

COMMANDER

NAVAL OCEAN SYSTEMS CENTER

SAN DIEGO, CA 92152
03CYy ATTN COOE 532 W. MOLER
01CY ATTN CODE 0230 C. BAGGETT
01Cy ATTN CODE 81 R. EASTMAN

OIRECTOR
NAVAL RESEARCH LABORATORY
WASHINGTON, 0.C. 20375
01CY ATTN CODE 6700 TIMOTHY P. COFFEY

(25 CYS IF UNCLASS, 1 CY IF CLASS)

01CY ATTN CODE 6701 JACK D. BROWN

01CY ATTN CODE 6780 BRANCH HEAD (150 CYS
IF UNCLASS, 1 CY IF CLASS)

01CY ATTN CODE 7500 HQ COMM DIR BRUCE WALD
Ql1CY ATTN COOE 7550 uJ. DAVIS

01CY ATTN CODE 7580

01CY ATTN CODE 7551

01CY ATTN CODE 7555

01CY ATTN CODE 6730 E. MCLEAN

01CY ATTN CODE 7127 C. JOMNSON

COMMANDER
NAVAL SEA SYSTEMS COMMAND
. WASHINGTON, D.C. 20362
0l1CY ATTN CAPT R. PITKIN
COMMANDER
NAVAL SPACE SURVE ILLANCE SYSTEM
' OAHLGREN, VA 220448

01CY ATTN CAPT J. H. BURTON

OFF I CER- IN~-CHARGE

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MO 20910
01CY ATTN CODE FZi

DIRECTOR
STRATEGIC SYSTEME PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376
01CY ATTN NSP=2]ul
VOICY ATTN NSSP-2722 FRED WIMBERLY

NAVAL SPACE SYSTEM ACTIVITY

P. 0. BOX 92960

WORLOWAY POSTAL CENTER

LOS ANGELES, CALIF. 90909
0ICY ATTIN A, B. HAZZARD

HEADQUARTERS
ELECTRONIC SYSTEMS OIVISION/OC
DEPARTMENT OF THE AIR FORCE
HANSCOM AF3, MA 01731

01CY ATIN DCKC MAJ J. C. CLARK

COMMANDER
FOREIGN TECMNOLOGY OIVISION, AFSC
WRIGHT-PATTERSON AFB, OM 45433
01CY ATTN NICD LIBRARY
’ 0I1CY ATTN ETDP 8. BALLARD

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13441
01CY ATTN DOC LIBRARY/TSLD
01CY ATTN OCSE V. COYNE

OISO S i A TR 0E- 5430 o IR 3l el St 8 e
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SAMS0/S2

POST OFFICE 80X 92960

WORLOWAY POSTAL CENTER

LOS ANGELES, CA 90009

(SPACE DEFENSE SYSTEMS)
01CY ATTIN SZu

STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, NB 68113
0ICY ATTN XPFS MAJ B. STEPHAN
01CY ATTN ADWATE MAJ BRUCE BAUER
01CY ATTN NRT
01CY ATTN DOK CHIEF SCIENTIST

SAMSO/YA
P. 0. BOX 92960
WORLOWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN YAT CAPT L. BLACKWELDER

SAMSO/SK
P. 0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN SKA (SPACE COMM SYSTEMS) M. CLAVIN

SAMSO/MN
NORTON AFB, CA 92409
(MINUTEMAN)

01CY ATTN MNNL LTC KENNEDY

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCOM AFB, MA 01731

01CY ATTN EEP A, LORENTZEN

DEPARTMENT OF ENERGY

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P. 0. BOX 5400
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR D. SHERWOOD

OEPARTMENT OF ENERGY
LIBRARY ROOM G-042
WASHINGTON, 0.C. 20545
01CY ATTN DOC CON FOR A. LABOWITZ

EGEG, INC.
LOS ALAMOS DIVISION
P. 0. 80x 809
LOS ALAMOS, NM 8554l
01CY ATTN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LI1VERMORE LABORATORY

P. 0. BOX 808

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR TECH INFO DEPT
01CY ATTN DOC CON FOR L-339 R, OTT
01CY ATTN DOC CON FOR L-31 R. HAGER
01CY ATTN DOC CON FOR L-4b F. SEWARD

LOS ALAMOS SCIENTIFIC LABORATORY

P. 0. BOX 1663

LOS ALAMOS, NM 87545
01CY ATTN DOC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R. F. TASCHEK
01CY ATTN DOC CON FOR E. JONES
01CY ATTN DOC CON FOR J. MALIK
01CY ATTN DOC CON FOR R. JEFFRIES
0ICY ATTN DOC CON FOR J. ZINN
01CY ATTN DOC CON FOR P. KEATON
0ICY ATTN DOC CON FOR D. WESTERVELT




SANDIA LABORATORIES

P. 0. BOX 5800

ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR J.
01CY ATTN DOC CON FOR W.
01CY ATTN DOC CON FOR A,
01CY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DOC COM FOR D. DARLGREN
01CY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJVECT DIV

SANDIA LABORATORIES

LIVERMORE LABORATORY

P. 0. 30x 969

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR 3. MURPHEY
01CY ATTN OOC CON FOR T. COOX

OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

01CY ATTN DOC CON FOR D. GALE

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN RD/SI, RM 5G48, HQ BLDG
WASHINGTON, D.C. 20505

0ICY ATTN OSI/PSIO RM 5F 19

ODEPARTMENT OF COMMERCE
NAT [ONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234
(ALL CORRES: ATTN SEC OFFICER FOR)
0I1CY ATTN R. MOORE

DEPARTMENT OF TRANSPORTATION

OFFICE OF THE SECRETARY

TAD-44.1, ROOM 10402-8

400 7TH STREET, S.w.

WASHINGTON, D.C. 20590
01CY ATTN R. LEWIS
01CY ATTN R. DOMERTY

INSTITUTE FOR TELECOM SCIENCES

NATIONAL TELECOMMUNICATIONS & INFO ADMIN

WRLOER: 033305
01CY ATTN A.
01CY ATTN W.
01CY ATTN D.
01CY ATIN L.

JEAN (UNCLASS ONLY)
uTLAUT

CROMBIE

BERRY

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL - RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRUBB

0ICY ATTN AERONOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P. 0. BOX 92957

LOS ANGELES, CA 90009
0ICY ATTN [. GARFUNKEL
01CY ATTN T. SALMI
0ICY ATTN V. JOSEPHSON
01CY ATTN S. BOWER
01CY ATTN N.
01CY ATTN D.
01CY ATTN J.
01CY ATTINF.
01CY ATTN SMFA FOR Pww

ANALYTICAL SYSTEMS ENGINEERING CORP
; 5 OLD CONCORD ROAD
3 BURLINGTON, MA 01803
01CY ATTN RADIO SCIENCES

BERKELEY RESEARCH ASSOCIATES, INC.
P, 0. BOX 983
BERKELEY, CA 94701

01CY ATTN J. WORKMAN

BOEING COMPANY, THE

P. 0. BOX 3707

SEATTLE, WA 98124
01CY ATIN G,
01CY ATIN D,
01CY ATTN G,
01CY ATTN J,

KEISTER
MURRAY
HALL
KENNEY

CALIFORNIA AT SAN DIEGO, UNIV OF
1PAPS, B-019
LA JOLLA, CA 92093

0I1CY ATTN HENRY G. BOOKER

SROWN ENGINEERING COMPANY, INC.
CUMMINGS RESEARCH PARK
HUNTSVILLE, AL 35807

01CY ATTN ROMEQ A. DELIBERIS

CHARLES STARK DRAPER LABORATORY, INC.
555 TECHNOLOGY
CAMBRIDGE, MA 02139

01CY ATTN O, 8. COX

01CY ATTN J. P. GILMORE

COMPUTER SCIENCES CORPORATION

6565 ARLINGTON BLVD

FALLS CHURCH, VA 22046
0ICY ATTN H. BLANK
01CY ATTN JOHN SPOOR
01CY ATTN C. NAIL

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATTN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850
0ICY ATTN D. T. FARLEY JR
ELECTROSPACE SYSTEMS, INC.
80X 1359
RICHARDSON, TX 75080
01CY ATTN H. LOGSTON
01CY ATTN SECURITY (PAUL PHILLIPS)

ESL INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
01CY ATTN C. w. PRETTIE

FORD AEROSPACE & COMMUNICATIONS CORP
3939 FASIAN WAY
PALO ALTO, CA 94303

0ICY ATTN J. T, MATTINGLEY

GENERAL ELECTRIC COMPANY
SPACE OIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P. 0. BOx 8555
PHILADELPHIA, PA 19101
01CY ATTN M. H. BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY
P. 0. BOX 1122
SYRACUSE, NY 13201

01CY ATTN F. REIBERT
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GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.O. DRAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN DASIAC

01CY ATTN OON CHANDLER

01CY ATTN TOM BARRETT

0I1CY ATTN TIM STEPHANS

01CY ATTN WARREN S. KNAPP

0ICY ATTN WILLIAM MCNAMARA

01CY ATTN 8. GAMBILL

01CY ATTN MACK STANTON

GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES

COURT STREET
SYRACUSE, NY 13201
01CY ATTN G. MILLMAN

GENERAL RESEARCH CORPORATION
SANTA BARBARA DIVISION
P. 0. BOX 6770
SANTA BARBARA, CA 93111
01CY ATTN JOHN ISE JR
01CY ATTN JOEL GARBARINO

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701
(ALL CLASS ATTN: SECURITY OFFICER)
01CY ATTN T. N. DAVIS (UNCL ONLY)
01CY ATTN NEAL BROWN C(UNCL ONLY)
0I1CY ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREET
NEEDHAM, MA 02194
01CY ATTN MARSHAL CROSS

ILLINOIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING
URBANA, IL 61803

01CY ATTN K. YEH

ILLINOIS, UNIVERSITY OF
107 COBLE HALL
801 S. WRIGHT STREET
URBANA, IL 60680
CALL CORRES ATTN SECURITY SUPERVISOR FOR)
01CY ATTN K. YEM

INSTITUTE FOR DEFENSE ANALYSES

400 ARMY-NAVY DRIVE

ARLINGTON, VA 22202
01CY ATTN J. M. AEIN
01CY ATTN ERNEST BAUER
01CY ATTN HANS WOLFHARD
01CY ATTN JOEL BENGSTON

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 01730
01CY ATTN DONALD HANSEN

INTL TEL & TELEGRAPH CORPORATION
500 WASHINGTON AVENUE
NUTLEY, NJ 07110

01CY ATTN TECHNICAL LIBRARY

JAYCOR
140) CAMIND DEL MAR
DEL MAR, CA 92014
0ICY ATTN S. R. GOLDMAN

JOMNS HOPXINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOMNS HOPKINS ROAD

LAUREL, MO 20810
01CY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
01CY ATTN JOMN DASSOULAS
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LOCKHEED MISSILES & SPACE CO INC
P. 0. BOX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D. R. CHURCHILL

LOOKHEED MISSILES AND SPACE CO INC

3251 HANOVER STREET

PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT 52-10
01CY ATTN RICHARD G. JOHNSON DEPT 52-12
01CY ATTN W. L. IMHOF DEPT 52-12

KAMAN SCIENCES CORP

P. 0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN T. MEAGHER

LINKABIT CORP
10453 ROSELLE
SAN DIEGO, CA 92121
01CY ATTN IRWIN JACOBS

LOWELL RSCH FOUNDATION, UNIVERSITY OF
450 AIKEN STREET
LOWELL, MA 01854

01CY ATTN K. BIBL

M.1.T. LINCOLN LABORATORY

P. 0. BOX 73

LEXINGTON, MA 02173
01CY ATTN DAVID M. TOWLE
01CY ATTN P. WALDRON
01CY ATTN L. LOUGHLIN
01CY ATTN D. CLARK

MART IN MARIETTA CORP
ORLANDO DIVISION
P. 0. BOX 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

MCDONNELL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
01CY ATTN N. HARRIS
01CY ATTN J. MOULE
01CY ATTN GEORGE MROZ
01CY ATTN W. OLSON
01CY ATTN R. W. HALPRIN
0I1CY ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION

735 STATE STREET

SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01CY ATTN w. F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D. SAPPENFIELD
01CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICX
01CY ATTN RALPH KILB
0ICY ATTN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE

P. 0. BOX 208

BEDFORD, MA 01730
01CY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATTN C. E. CALLAMAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLWVD
MCLEAN, VA 22101
01CY ATTN W. HALL
01CY ATTN w. FOSTER
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PACIFIC-SIERRA RESEARCH CORP
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA 90404

0ICY ATTN E. C. FIELD WR

22

PENNSYLVANIA STATE UNIVERS!TY
IONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINEERING CAST
UNIVERSITY PARK, PA 16802
(NO CLASSIFIED TO THIS ADDRESS )
01CY ATTN IONOSPHERIC RESEARCH LAB
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IONOSPHERIC MODELING DISTRIBUTION LIST
UNCLASSIFIED ONLY

PLEASE DISTRIBUTE ONE COPY TO EACH OF THE FOLLOWING PEOPLE:

ADVANCED RESEARCH PROUECTS AGENCY (ARPA)
STRATEGIC TECHNOLOGY OFFICE
ARLINGTON, VIRGINIA

CAPT. DONALD M. LEVINE

NAVAL RESEARCH LABORATORY
WASHINGTON, v.C. 20375

DR. P. MANGE

OR. R. MEIER

DR. E. SZUSZCZEWICZ - CODE 7127
DR. TIMOTHY COFFEY - CODE 6700
DR. S. OSSAKOW - CODE 6780

DR. J. GOODMAN - CODE 7560

SCIENCE APPLICATIONS, INC.
1250 PROSPECT PLAZA
LA JOLLA, CALIFORNIA 92037

DR. D. A. HAMLIN
DR. L. LINSON
OR. D. SACHS

DIRECTOR OF SPACE AND ENVIRCNMENTAL LABORATORY
NOAA
BOULDER, COLORADO 80302

DR. A. GLENN JEAN
DR. G. W. ADAMS
DR. D. N. ANDERSON
DR. K. DAVIES

OR. R. F. DONNELLY

A. F. GEOPHYSICS LABORATORY
L. G. HANSOM FIELD
BEDFORD, MASS. 01730

DR. T. ELKINS

OR. W. SWIDER
MRS. R. SAGALYN
OR. J. M. FORBES
OR. T. J. KEMESHEA
OR. J. AARONS

OFFICE OF NAVAL RESEARCH
800 NORTH QUINCY STREET
ARLINGTON, VIRGINIA 22217

DR. H. MULLANEY

COMMANDER
NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO, CALIFORNIA 92152

DR. M. BLEIWEISS
OR. 1. ROTHMULLER
OR. V. HILDEBRAND
MR. R, ROSE

U. S. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER
BALLISTIC RESEARCH LABORATORY
ABERDEEN, MARYLANO

DOR. J. HEIMERL
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COMMANDER

NAVAL AIR SYSTEMS COMMAND
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20360

DR. T. CZUBA
HARVARD UNIVERSITY
HARVARD SQUARE
CAMBRIDGE, MASS. 02138

DR. M. B. MCELROY

DR. R. LINDZEN

PENNSYLVANIA STATE UNIVERSITY
UNIVERSITY PARK, PENNSYLVANIA 16802

DR. J. S. NISBET
OR. P. R. ROHRBAUGH
DR. D. E. BARAN
DR. L. A, CARPENTER
OR. M. LEE

DR. R. DIVANY

OR. P. BENNETT

DR. E. KLEVANS

UNIVERSITY OF CALIFORNIA, LOS ANGELES

405 HILLGARD AVENUE
LOS ANGELES, CALIFORNIA 90024

OR. F. V. CORONITI
DR. C. KENNEL

UNIVERSITY OF CALIFORNIA, BERKELEY
BERKELEY, CALIFORNIA 94720

DR. M. HUDSON

UTAH STATE UNIVERSITY
4TH N. AND 8TH STREETS
LOGAN, UTAH 84322

DR. P. M. BANKS
DR. R. HARRIS
DR. V. PETERSON
DR. R. MEGILL
OR. K. BAKER

CORNELL UNIVERSITY
ITHACA, NEW YORK 14850

OR. W. E. SWARTZ
DR. R. SUDAN
OR. D. FARLEY
DR. M. KELLEY
OR. E. OTT

NASA
GODOARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND 20771

DR. S. CHANDRA
DR. K. MAEDO

PRINCETCN UNIVERSITY
PLASMA PHYSICS LABORATORY
PRINCETON, NEW JERSEY 08540

DR. F. PERKINS
OR. E. FRIEMAN

U Sy —
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INSTITUTE FOR DEFENSE ANALYSIS
400 ARMY/NAVY DRIVE
ARLINGTON, VIRGINIA 22202

OR. E. BAUER

UNIVERSITY OF PITTSBURGH
PITTSBURGH, PA. 15213

OR. N. ZABUSKY
DR. M. BIONDI

PHOTOMETRICS, INC.
442 MARRETT ROAD
LEXINGTON, MA 02173
01CY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS INC.
P. 0. BOX 3027
BELLEVUE, WA 98009
0I1CY ATTN E. J. FREMOUW

PHYSICAL DYNAMICS INC.
P. 0. BOX 1069
BERKELEY, CA 94701
01CY ATTN A. THOMPSON

R & D ASSOCIATES

P. 0. BOX 9695

MARINA DEL REY, CA 190291
01CY ATTN FORREST GILMORE
01CY ATTN BRYAN GABBARD
01CY ATTN WILLIAM B. WRIGHT JR
01CY ATTN ROBERT F. LELEVIER
01CY ATTN WILLIAM J. KARZAS
01CY ATTN H. ORY
01CY ATTN C. MACDONALD
01CY ATTN R. TURCO

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 30406
01CY ATTN CULLEN CRAIN
01CY ATTN ED BEDROZIAN

RIVERSIDE RESEARCH INSTITUTE
80 WEST END AVENUE
NEW YORK, NY 10023

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P, 0. BOX 2351

LA JOLLA, CA 92038
01CY ATTN LEWIS M. LINSON
01CY ATTN DANIEL A. HAMLIN
01CY ATTN D. SACHS
01CY ATTN E. A. STRAKER
01CY ATTN CURTIS A. SMITH
01CY ATTN JACK MCOOUGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776
01CY ATTN BARBARA ADAMS

SCIENCE APPLICATIONS, INC.
HUNTSVILLE DIVISION
2109 w. CLINTON AVENUE
SUITE 700
HUNTSVILLE, AL 35805
01CY ATTN DALE H. DIVIS

i R
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SCIENCE APPLICATIONS, INCORPORATED
8400 WESTPARK DRIVE
MCLEAN, VA 22101

01CY ATTN J. COCKAYNE

SCIENCE APPLICATIONS, INC.

80 MISSION DRIVE

PLEASANTON, CA 94566
01CY ATTN SZ

SRI INTERNAT IONAL

333 RAVENSWOOD AVENUE

MENLO PARK, CA 94025
01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
01CY ATTN L. L. COB8
01CY ATTN DAVID A. JOHNSON
01CY ATTN WALTER G. CHESNUT
01CY ATTN CHARLES L. RINO
0ICY ATTN WALTER JAYE
01CY ATTN M. BARON
01CY ATTN RAY L. LEADABRAND
01CY ATTN G. CARPENTER
01CY ATTN G. PRICE
01CY ATTN J. PETERSON
01CY ATTN R. HAKE, JR.
01CY ATTN V. GONZALES
01CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN w. P. BOQUIST

TRW DEFENSE & SPACE SYS GROUP

ONE SPACE PARK

REDONDC BEACH, CA 90278
01CY ATTN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
01CY ATTN D. DEE

VISIDYNE, INC.
19 THIRD AVENUE
NORTH WEST INDUSTRIAL PARK
BURLINGTON, MA 01803
01CY ATTN CHARLES HUMPHREY
01CY ATTN J. W. CARPENTER




