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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 5 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 subm iued January I, 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 Rh data at Jicamarca are available in
the works of Woodman and La Hoz 11976), Fan cy et a). (1970) and Calderon 11975).

The gray-scale shows int~.nsity of radar energy reflected from 3 meter scale size
irregulanities...the darker the image, the greater the reflected energy. The dotted line on the
RTI plot locates the nominal altitut e of the F-layer peak (h (max )) .  The h (max ) line is not the
result of actual data colLected simultaneously with the RT1 plot but represents accumulated
information on the post-sunset behavior of the laminar ionosphere over Jicamarca (e.g., Farley
ci aI. (19671, and Calderon (19751).

LOCAL TIME ( H R )

Fig I — R~ nge-ti mc-in Icn s,iy tRill plol of hdek’~c.uiIcr energ% ii JR..Ima rc ,  Oh%cr...uiur,
Su pe rum $~o6c d i~ t he nominal Io~al ,on of the I -  Ia~ ~r peak rn S~ u,s: ~~~~~~~ 19771

The salient features in Figure I 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 alt i tu de source
region. This observation has spawned the use of the terms ‘b ubbles , ’ “pl u m es.” and “fingers ” to
describe the motion of the irregularity domains.

(c) The irregularities that break-away generally move Lp %~ar d. wi th  their intens ity
decreasing as time moves into the early morning hours.

• (d) Bottom-side irregularities generally perstst throu ghu~-it the ent~te period of spread-F
conditions. This is not the case for top-side irregularities.

2._ 
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Additional conclusions can be drawn from Woodman and La Hoz 119761 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 rn/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 *1., 1972; Dyson et al., 1974; Hanson et al ., 1973; Farley,
1974; Kelley and Mozer , 1 976; McClure and Woodman , 1972; McClure and Hanson , 19731
(including scintillation observations by Aarons and Allen [1971) and Koster 119721) 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 (±  200 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 Bnnton et al. 119751, McClure et al. ( 1977) , Morse et al. 119771, and Szuszczewicz
119781 indicate that the bite-outs (or holes as they are often referred to) reported by Hanson
and Sanatani ( 1973) and McClure and Hanson 119731 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. Fe4
ions may be enhanced or depleted , with molecular ions usually more abundant inside the bite-
out. Brinton et al. 119751 and McCLure ci al. 119771 have found O~ depleted by as much as a
factor of lO~ to a concentration below that of NO4 . The molecular ion NO4 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 lSzuszczewicz , 19781 particular attention was given to
possible relationships between ionospheric holes and the smaller-scale (3 m) irregularities
observed by the Jicamarca radar . Ion 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 ( (NO4), (O~1 > (O~1) to move
upward through a stationary neutral atmosphere and appear at higher altitudes as a bite-out in

• 3
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AE-C BINS ALTITUDE 262 -272 km
26 MAY 1975 MAO LONG AT EQUATOR: .13°
25295-26673 sec UT LOCAL TIME AT EQUATOR 1.8 1w

~Z~~~~~~[ 

NO+
~~~~~~~~~~~~~~~~~~~~~~ ]

iO~ — —

-60” -50” .400 -30° -20” -10” 0” 10” 20° 30” 400 50° 60”

• GEODETIC LATITUDE
Fig . 2 — AE-C Bennett ion mass spectrometer (BIMS) measurements of
O~, O~ , and NO 4 in a single equatorial crossing ‘near 265 km (from
Szuszczewicz , ~975) .

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. (19771. The concept is also consistent with the com-
putational work of Scannapieco and Ossakow (19761, which showed that bottomside F region
irregularities at low plasma densities (102 — io~ cm -3) could be transported to more dense
ionospheric domains (i0~ — 106 cm 3) 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 119781, 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 Fe4 at high equatorial altitudes. But the present pic-
ture is broader in scope, indicating that NO4 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 Fe4 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 Fe4 can
then be a manifestation of the “fountain effect ” as described by Hanson et al. (19721 or a
further demonstration of a “frozen” chemical volume of bottomside composition transported to

4 
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higher altitudes by the Rayleigh-Taylor process [Dungey, 1956; Haerendel , 1974; Hudson and
Kennel , 1975; Scannapieco and Ossakow, 19761. In this case, O~ will always be depleted , while
the moleculars NO4 and O~’ dominate; Fe~ will be present only when the E region transport
mechanism is actively depositing Fe4 on the bottomside of the F layer.

2.1.2. Developments in Plasma Instability Analyses

The advances in the observational data have been parallel ed 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 [19561 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 [19591 suggested the E 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 11975) pointed out the importan ce of the collisional drift mode in
ESF in the wavelength regime 30m-IOOm. 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. (19731 suggested that the very smallest scale ( <  lOm) irregularities
(e.g., thcse 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 at., 1973) proposed for Type 11 equatorial E region electrojet irregularities. Haeren-
del 119741 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 119761 also pointed to the unlikel y probability that the same instability
mechanism could directly excite plasma irregularities over as wide a range of wavelengths as

5 

•_ _ . 
•

~~•__ __ _ • .~~~_ _ . _ _ _~ 
_ _ __  • _ _ .. —— ——



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
______

SZUSZCZEWICZ . OSSAKOW . SJOLANDER. HOLMES AND WALKER

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 k 2 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 t possible explanation for
the occurrence of these irregularities below the ion gyroradius) .

A major breakthrough was made by Scannapieco and Ossakow 119761 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 E x B forces. This was the first theoretica l 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. [19761, McClure
et al. (19771, Woodman and La Hoz (19161 and consistent with the more recent analysis of
Szuszczewicz (19781. Ossakow et al. 119791 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 altitud e 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 layer 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 initia l 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-
t ur ’t ,.c~i and Ossakow, 1977) . Their theory suggested that vertical modes would be dominant
and result in a k 2 power spectrum. Hudson [19781 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 119781. At
the same time , Ossakow and Chaturvedi 119781 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 11978a ,b) suggested that coherent steepened structures and not tur-
bulences would give a k ~ power spectrum. Moreover , these sharp gradients could cause small
scale sizes (— 20m) by collisionless low frequency (much less than the ion gyrofrequency, (1,)
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 p~r-
form s linear theory on this state. Kelley and Ott 119181 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 spectru m (which does not appear to be in agreement with existing experimental obs~rva-

6
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Fig. 3 — Contour plots of constant n1 / ,~ for the simulation ESF I at i — 2000. 4000. and 10,000 sec. The small
dashed cofltours 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 ambien t electron number den-
sity (values on upper horirontal axis ) . ‘~~~. as a function of altitude. The vertica l v axis represents altitude , the lower
hori?ontal ~ axis is east-west range , and the ambient magnetic field is along the axis , out of the figure (from Ossakow
ei af ., 197S).
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tions) in the range L3~
t < k <L~~, where Ls is the stirring (bubble ) size and L0 i s a dissipa-

tion length cutoff.

2.2. Ionospheric Modification and Artificial Spread F

2.2.1. Overview

Withi n 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
li ne with this idea has been a developing interest and technology which has focussed on the
artificial production of ionospheric holes by injection of chemicall y reactive species (Barnes ,
1961 , Booker , 1961; Bernhardt et al., 1975: Bernhardt , 1976 , Brown , 1977; Jackson et al., 1962;
Mendillo et al., 1~ 75a ,b , 1978; Pongratz et al ., 1978; Sjolander et at., 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 high er alti-
t udes and produce irregularity spectra like that of natural ESF? The first answer is affirmative ,
pa rticularly since the recent success of the Lagopedo experiments (Pongratz et al., 1978; Sjo-
la nder 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 II were two rocket -borne modification experiments coordinated by the Los
Ala mos Scientific Laborator y during September 1977 operations at the mid-latitude site of the
Kauai Test Facilit y in Hawaii (Pongratz et al. , 1978) . The lonosphe t ic Diagnostics Section of
tl~e Naval Research Laborator y provided the in situ measurements of the pre- and post-injection
ion composition and developed the theoretical code which detailed the dominant modification
ch emistry (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 2 or H 20 into an
O~ do minant  domain. This enhances the normall y slow depletion limiting reactions (0~ +
N 2 N0~ + N and 0~ + 02 — 0~ + 0 with rates in the 10 ”  to l 0_ t3 cm 3 s t ra nge ) by
i ntroducing a more rapid process of charge exchan ge (e.g. o~ + H 20 H 2O~ + 0 at
10 9 cm 3 s ’). The subsequent dissociative recombination of the artificiall y 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 1-120, CO2 . and N 2. The experimental
and theoretical results (solid lines ) of Lagopedo II are presented in Fig. 4. Points relevant to
a rtificial 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 normall y not found in the natural ionosphere (e.g.
~~~~ H 10~, HC0~, HCO~ ; 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 alt i tudes.
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2.2.3. Arti ficial Equawria( Spread-F

In order to explore the possibilit y of artificial ESF Ossakow et al . (19781 developed a
simplif ied 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-
depender .t 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 n0 — 2.2
(I0~) cm 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 a’ = 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 see) 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.
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3. DEFICIENCIES AND THE NEED FOR FUTURE INVESTI GATIONS

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 000-6 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. (19741, along with
the cataloging efforts of McClure and Hanson 119731, 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 posi tions 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 a),, 1976; Oppenheimer and Brace , 1976). The impact of 7 on chem-
istry , coupled with the fact that i; controls 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 7 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 contaminatin g species (e.g. H20 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, parlicularly 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 ,

- - - ----- - — —----- .5 —.--- - .- — . -• .—- — 

11 

J



- —“ .. — — ~=—----- -~ ~ -.---- .--- --. --- - — --- -

SZUSZCZEW ICZ, OSSAKOW . SJOLANDER , HOLMES AND WALKER

1976). The Te measurement should also be done simultaneous ly 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 Project ed Efforts Within NRL

In an effort to close the gap between macroscopic phenomenology and detailed under-
standing of causal mechamsms, 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/Kwaja lein cam-
paign planned for August 1979 and the F-region polar orbiting SIP 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 irregularit ly, 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 Kwaja lein/A lt air 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 wilt 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
complement in FY42.

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

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

(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;

12
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(c) 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,, 7’,, 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 ...particu larly 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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MLIAaTON, VA. 22209 DIRECTOR

O1CY ATTN MJCLEAR A~ NITORIPG RESEARCH NATIONAI. SECURITY AGENCYO 1CY AT TN STRATEGIC TECH OFFICE DEPARTIEPIT OF DEFENSE
FT. GEORGE I.. MEAOE, IV 207 55

DEFENSE Cc~ qqJN I CATION ENGIPL ER CENTER O1CY ATTN J0~. SICILLMAN R 52
1860 WIeILE ANVIJE OICY ATTN FEAjIC LEONARDRASTON, VA . 22090 QO CT ATTN WI N PAT CLARK

OICY ATTN COCA R$20 DICT ATTN OL I VER ii . BARTLETT W32
OICY ATIP. COCA R1.10 AImS W . WCI.EN. 01cr ATTN R5
OICY ATTN C OCA R720 J. I~ RTHINGTON

COF~’AM)ANT
DIRECTOR NATO So~K)OL (SHAPE)
DEFENSE CORFU.I CA TIONS AGENCY APO I~W YORK 09172
WA SHIPGTON. D.C. 2030 5 O ICY ATT N U.S. DOCI,AEI4T S OFFICER(AD8 QA~~I :  ATTN COCA 21.0 FOR )

UAC€R SECT OF OAF FOR RSCII A EAGAf.
DEPARTIENT OF DEFENSE

OICY ATTN COCA lOll WASHINGTON, D.C. 20301
OICY ATTN STRATEGIC A SPACE SYSTEPS (OS)

DEFENSE DOCI.IENTAY ION CENTER 
~~ CCS SYSTEM EAGITEERING ORG

CAP(~~~ STATION WAS HINGTON, D.C. 20305
ALA XAICRIA , VA. 22311. OICF ATTN 0. CRAWFORD

(12 cONI ES IF ONEN PUILICATION, OTHERWISE 2 C ON IES)
12CT ATTN IC C~~~AACER/DIRE~ ToR

ATPV SPPERIC SCIENCES LA8ORATORY
R TOR U. S. ARHI ELECTRONICS COF~W~

DEFENSE INTELL I GAICE AGENCY IAlIT E SAJ~~S MIS5IL E RAM~E 
F. MILES

O1C Y ATTN )T-1l 
IO iC~ AT TN OS—NC A. O FARRELL 

e’V AOVAtCED TECH CTRATTN ~ I AAP A . W ISE PI(P4TSV ILLE OFF ICE
O1CY ATTN PT-lIZ R. NGITON 

P’RftAlSVILLE AL 351070 I C~ ATTN ~‘~~ TR J, STEWART 
OIC Y ATTN AT C— T PELVIN T. CAPPSOIC ATTN 1.. W ITTI~. DC-7D OICY ATTN AYC-O W. DAVIES

DIRECTOR OICY ATTN ATC—R 001. RUSS
DEFENSE M.ICLEAR AGENCY
~A9IING TON, D.C.  2030 5 P*OORN q MAAIA*GER

OI C Y A TTN SNI. BC PROG&RM OFFIC E
ONCY A ’TN 11TI. 5001 EISEPl~~~ER AVENJE
O1CY ATTN DOST ALEMAC IA , VA 2233 3
O3CY ATTN RARE OLCY ATTN DACS—11(T A . SARA

C0PWIC€ W CH IEF C-E SERVICE S D IVISION
FI ELD C0~W~ U.S. ARMY CCX4RJNICATIO1.S CPV
DEFAP4E AIJCUAX AGENCY PENTAGON RH 18269
(IITLAIR) API. P.O S il l S  WASHINGTON, D . C .  20310

BICY ATTN FCPI OLCY ATTN C—A—SE RVICE S DIVISION
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C0RWCER C~~4 1.AtOING OFFICER
FRADCON TEO*IICAI. SUPPORT AC TIVITY NAVAl. INTELL I GENC E SUPPORT CTR
DEPMTPRNT OF THE ARMY 430 1 SUITLM e ROAD BLDG. 5
FORT I~~~~~.ITH, N.J. 07703 WASHI NGTON D.C. 20390

OICY ATTN DRSEL-A&—RD P4. BEP.€T 01cr ATTN F~ DUBlIN STIC 12
O1CY ATTN DRS~L-PL-EIW H. SONCE oic ~ ATTN NISC-50
OlCY ATTN J. A. QUIG&.EY OICY ATTN COCA 540’. J. GALET

C041.AlC€R COAY’A?C ER
HARRY DIAJO~~ LABORATORIES NAVAl. SURFACE WEAPONS CENTER
O€PARIPEP4T OF THE ARMY OAAtGREN LABORATORY
2800 PONDER MILL ROAD OAPf..GREN, VA 221.48
AD€ LPHI, IV 20783 O1CY ATTN COCA 0c~ 1l. R. BUTLER

(CP*~~I- IP.aR ENVELOPE: ATTN : DELI0—RBH)
O1CY ATTN DELPV—TI N. WA IlER COPR~lAJ0 ING OFFICER
OICY ATTN OELIV—RB R. WILLIANS NAVY SPACE SYSTEI6 ACTIVITY
O1CY ATTN DELIO—NP F. WI HENITZ P.O. lOx 92960
O1CT ATTN DELI0—NP C. PVAZED WORLONAY POSTAL CENTER

LOS ANGELES, CA. 90009
O1CY ATTN CODE 52

C~~~~AOER
U.S. ARMY COlil—ELEC ENGRG INSTAI. AGY OFFICE OF NAVAL RESEARCH
FT. AJAOIuC.A, AZ 85613 ARLINGTON, VA 22217

OICY ATTN CODE ‘.65
OICY ATTN CCC-EP(O GEORGE LANE O1CY ATTN COCA 1.61

O1CY ATTN CODE 1.02
O1CY ATTN CODE 420

CC)SW’C€R O1CY ATTN COCA 421
U.S. ARMY FOREIGN SCIENCE A TECH CTR
220 7TH STREET, NE COMIAICIER
CHARLOTTESVILLE, VA 22901 AEROSPACE DEFENSE COPROAAO/X

O1CY ATTN DRXST-SD DEPARTHENT OF THE AIR FORCE
O1CY ATTN R. A0~~S ENT AFB, CO 80912

OICY ATTN DC MR. L~~G

CORO1.IIC€R COP.OIAJQER
U.S. ARMY MATERIEL DAY A READIHESS CIV AEROSPACE DEFENSE CO44W~~/XPD
5001 EISEM~~ ER AVEMJE DEPARTPENT CF THE AIR FORCE
ALEXAPORIA, VA 22333 ENT AFB, CO 80912

O1CY ATTN DRCLDC A . A. BANGER O1CY ATTN XPCQQ
01Cr ATTN XP

AIR FORCE GEIPHYSICS LABORATORY
COI4W~ ER P4ANSCON AFB, MA 01731
U.S. ARMY MACLEAR AND CHEMICAL AGENCY O 1CY ATTN ORR HAROLD GAR~~~0
7500 BAOI~l.ICX ROAD 01cr ATTN OPR-1 JAHES C. ULWLCK
BLDG 2073 OICY ATTN LKB KEPIIETH S. N. CHMPIOH
SPRINGFIELD, VA 22150 O1CY ATTN OPR AL.VA T. STAIR

0ICY ATTN LIBRAR Y 01Cr ATTN PAP JIJ..ES URONS
OICY ATTN PAO JLRG€N BUCAtWU

DI RECTOR O1CY ATTN PAC J0~tI P. MLLEN
U .S. ARMY BALLISTIC RESEARCH LABS
ABERDEEN PROVING GROJIC, IV 21005 AF WAAPONS LABORATORY

O1C Y ATTN TECH LII EONARD BAICY KIRTLAND AFB, Ml 8 117
O 1CY ATTN SIR.

C~~ WO€ R O1CY ATTN CA ARTI4JR II. GUENTHER
U.S. ARMY SATCON AGENCY OICY ATTN DYC CAPT A . BARRY
FT.  IOlVUTH, NJ 07703 OICY ATTN OYC J041 H. KAMI

O1CY ATTN DOCLARNT CONTROL O1CY ATTN OTT CAPT MARC A. FRY
O 1CY ATTN DES MAJ GARY GAAOG

CCIIWADER 01CY ATTN DYC J. JAN01
U.S. ARMY MISSILE INTELLIGENCE AGENCY
REDSTOI( ARSENAL, AL 35809 AFTAC

OICY ATTN JIM GImLE PATRI~~ AFB, FL 32925
DICY ATTN TF/MAJ WILEY

DIRECTOR 0~CY ATT N TN
U.S. ARMY TR.*OOC SYSTE PS ANALYSIS A CTIVIT Y
#IITE SANDS MISSILE RN~ E, III 88002 AIR FORCE AVIONICS LABORATORY

OLCY ATTN ATU-5A WRIG HT— PATTERSON API, 01 1.5433
OI CY ATTN TCC/F . PAYAH JR. O1CY ATTN AN) WADE PRINT
O1CY ATTN ATU—TAC LYC J. HESSE O1CY ATTN MO ALLEN .~~f6ON

C04~ lCER DEPUTY CHIEF OF STAFF
NAVAL ELECTRONIC SYSTEPS COPWIC RESEARCH, DEVELOPPENT, A ACQ
WASA!NG TON, D.C 20360 DEPARTI€NT OF THE AIR FORCE

OICY ATTN NAVALEX 03’. T . 4JGPES WASHINGTON, D.C. 20330
OICY ATTN P~E 117 O1CY ATTN AFROQ
O1CY ATTN ~* 117— T
O1CY ATTN COCA 5011
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“1
I*AOQUARTERS SMISO/SZ
ELECTROPoIC SYSTEMS DIVISION/KR POS T OFFICE BOX 92960
DEPARTPRNT OF THE AIR FORCE ~IORL~WA Y POSTAL CENTER
IIAJISCCPI SF1 , MA 0173 1 LOS ANGELES, CA 90009

• O1CY ATTN KR A . GAAs (SPACE DEFENSE SYSTEMS)
01cr ATTN SZ J

HEADQUARTERS
ELECTRONIC SYSTE MS PIVI S ION/ YS EA
OEPARTIRNT OF TIlE AI R FORCE STRATEGIC AIR COP~IAIC/XPFS

• POANSCOPI API, MA 01131 OFFUTT API, NB 68 113
OICY ATTN YSEA O1CY ATTN XPF S PAA J 8. STEPPIAN

OICY ATTN ADNATE MA.) BRUCE BAUER
COPOMIDER O1CY ATTN MRT
NAVAL OCEAN SYSTE MS CENTER O 1CY ATT N DON CHIEF SCIENTIST
SAJ~ DIEJO, CA 92152

O3CT ATTN COOt 532 1.. ICIER S.ANSO/VA
OICY ATTN CODE 0230 C. BAGGETT P . 0. BOx 92960
OICY ATT 1.. CODE 81 R . EASTMAN WORLONAT POSTAL CENTER

LOS ANGELES, CA 90009
D I R E C TOR O 1CY ATT N YAT CAPT L .  BLACJCWELDE R
NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375 SAMSO/S~OICY ATTN CODE 57DU TIPVTI.Y P. COFFEY P. 0. BOX 92960

(25 CYS IF AICLASS, 1 CT I~ CLASS) WORL~ dAY POSTAL CENTER
01~~ ATTN COOt 6701 JACK D. BRONN LOS ANGELES, CA 90009
01cr AT ’ , COot 6780 ARAACH lEAD (150 CYS O1CY ATTN SKA (SPACE COP44 SYSTEMS) N. CLAVIN

IF L14..LASS, I cr iF CLASS) 5A2.6O/P~
O1CY ATTN COOt 7500 P~~ COPqI .)IR BRUCE WALD NORTON API, CA 921.09
O1CY ATTN COOt 7550 1. DAVIS (MIP(JTEJAØN)
0ICY AT TN COOt 7580 OICY ATTN P?S& LIC KEMEDY
Oicr ATTN COOt 75 5 1
O1 C Y AT ’N LOOt ‘5~ 5 COITWOER
01C~ ATTN COCK 6130 A .  * LEAN ROP E AIR DEVELOPP€’ST CENTER, RFSC
OI C Y ATTN C OOt 7 1 2 7  C. JI)+1SON IANSCOP API, MA 01731

O1C Y ATTN tAP A. LORENTZEN
CCWR’AIOER
NAVAL SEA SYSTEMS COPPWM)
WA SIIIFGTON, D . C .  ~J 3 ~ l DEPARTIRNT OF ENERGY

01 C Y ATTN CAPT 8 PITKI N

CON’APDER OEPARTPR~IT OF
NAVAl. SPACE SUIiVETLI .AACE SYSTEM ALBUQUERQUE OPERAT IONS OFF ICE

DAPtGR€N . VA 2 2 . 4 P . 0. 80* 5~400
2 1C r A T T . CAP J. H. BURTON AL BUQUERQUE, Ml 87 115

O1CY ATTN DOC CON FOR D. SHERWOOD
OFFICER IN-CMA RGE
NAVAL SURFACE WEAPONS CENTER OEPARTPRNT OF ENERGY
WHITE OM, SILVE R SPRING, PD 209 10 LIBRARY ROOPO G—042

OICY ATTN CODE FT i  WA SHINGTON, D.C. 2054 5
O1CY ATTN DOC CON FOR A. LABOA ITZ

DIRECTOR
STRATE ;IC S T S T E lS  PRO..~ C T OFFICE 806G. INC .
DEPARTYE’IY ~f THE p~~~y LOS ALAFVS DIVISION
WA SH INGT ON, D.C. 20 576 P. 0. BOX 809

OICT ATTN NSP—2 11.1 LOS ALNIOS, Ml 8554’.
lUCY ATTN N5SP-2722 FRED W IP€ERLT O1CY ATTN DOC CON FOR .1. BREEPLOVE

NAVAL SPACE SYSTEM ACTIVITY UNIVERSITY OF CALIFORNIA
P . 0. 00* 92960 LAWRE PCE LIVER1~~RE LABORATOR Y
,IORLONAY POSTAL CENTER P. 0. BOX 808
LOS AN GE LES, CALIF . 90909 LIVE~~~~E, CA 94550

olcr ATTN A . B. P1.AZZAR) OIC Y ATTN DOC CON FOR TECH IPfO DEPT
O1CY ATTN DCC CON FOR L—389 R. OTT

HEADQUARTERS lUCY ATTN DCC CON FOR L— 31 R. HAGER
ELECTRONIC SYSTEMS DIVISION/DC lUCY ATTN DCC CON FOR L—46 F . SEWARD
DEPARTPRNT CF THE AIR FORCE
FIANSCON AFA , MA 0 173 1 LOS ALAMDS SCIENTIFIC LABORATORY

01CY ATTN DCCC MA.) J. C. CLARK P. 0. Box 1663
C04MPDER LOS ALAICS, Ml 8751.5

FORE IGN TECHICLOCY DIVISION, AFSC 01CT AT TN DCC CON FOR J. WOLCOTT
WR IGIIT-PATTERSIY1. AFI, 01 1.5433 lUCY ATTN DCC CON FOR R. F. TASO4EK

O1CY ATTN NICO LIBRARY O1CY ATTN DOC CON FOR E. JOES
01CY ATTN ATOP B. BALLARD O1CY ATTN DOC CON FOR J. MALIK

O1CY ATTN DOC CON FOR 8. .JEFFRIES
COPROAPOYR O1CY ATTN DCC CON FOR .1. ZIMI
ROAR A I R  DEVE LOPARTfl CE NTER , AFSC lUCY ATTN DCC CON FOR P. KEATON
GRIFF ISS A*5. NY 131.1.1 O1CY ATTN DCC CON FOR 0. WESTARVELT

lUCY ATTN OOC LIBRA RT/TSLO
O1CY ATTN OCSE V. CDYNE
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SANDIA LABORATORIES BERKELEY RESEARCH ASSOCIATES , INC.
P. 0. BOX 5800 P . 0. BOX 985

P11 87115 BERKELEY , CA 91.701
DIC! ATTN 0CC CON FOR 4. MARTIN 01Cr ATTN J. WORKMAN
O1CY ATTN DCC CON FOR W . BRONN
lUCY ATTN DOC CON FOR A. TPCRWBOIYj 1
O1CY ATTN DCC CON FOR T. WRIG HT BOEING COIPANV , THE
OICY ATTN DCC CON FOR 0. OAFI.GREN P. 0. BOX 3707
OLCT ATTN DCC CON FOR 311.1 SEATTLE , WA 98124

OICY ATTN DCC CON FOR SPACE PROJECT DIV OLCY ATTN G. KEISTER
O1CY ATTN D. IRJRRAY
OICY ATTN G. HALL

SAADIA LABORATORIES O1CY ATTN A . KEP11EV
LI VEAIVRE LABORATORY
P. 0. BOX 969 CAL IFORNIA AT SAN DIEGO, UNIV OF
LI VERWORt, CA 94550 I PAPS, 8-019

lUCY ATTN DOC CON FOP B. PV~~HEY LA JOLLA, CA 92093
O1CY ATTN DOC CON FOR T . COON O1CT ATTN PEMRY G. BOOCER

OFFICE OF MILITARY APPLICATION SRONN ENGINEERING COPP*A4Y, INC.
DEPARTHENT OF ENERGY CUIPPINGS RESEARCH PA~~WASHINGTON, D.C. 20545 HUNTSVILLE, AL 35807

lUCY ATTN DCC CON FOR 0. GALE O1CY AT TN R~~~O A. DELIBERIS

CHARLES STARK DRAPER LABORATORY, INC.OTHER GOVERFA~~lRT 555 TECIP~~ oGY SQUARE
C*ASRIOGE, MA 02139

OICY ATTN D. B. COX
CENTRAL INTELLIGENCE AGENCY O1CY ATTN 4. P. GILI~~~EATTN RD/SI , RH 5G48, PA~ BL DG
WA SHING TON, D.C. 20505 COVUTER SCIENCES CORPORATION

01cr ATTN OSL/PSID RH SF 19 6565 ARLINGTON BLVD
FALLS CHURCH, VA 22046

DEPARTMENT OF COIl~ERCE OI CY ATTN H. BLANCNAT IONAL BUREAU CF STAACARDS 0 ICY ATTN 4011 SPOORWA SHINGTON, D.C.  2023’ . O ICY ATTN C. NAIL(ALL COR RES: ATTN SEC OFFICER FOR)
01CY ATTN R. 7VORE COMSAT LABORATORIES

LINIHICUM ROAL)
DEPART MENT (P TRANSPORTATION CLARKSBURG, PR) 2073 4
OFFICE OF THE SECRETAR Y O1CY ATTN G. HYDE
TAD —44.1, ROCAl 10402—8
1.00 7TH STREET , ~ .W. CORNELL UNIVERSITY
WASHINGTON. D. C. 20590 DEPARTPENT CF ELECTRICAL ENGINEERING

01Cr ATTN R. LEWIS I THACA, NT 11.850
O1CY ATTN 8. DOIERT Y OICY ATTN 0. T. FARLEY JR

INSTITUTE FOR TELECOPI SCIENCES ELECTROSPACE SYSTEMS, INC.
NATIONAL TELECOMIJNICATI0IS I INTO ADMIN BOX 1559
SCIJICAR, CO $0305 RICHARDSON, TX 15060

OI CY ATTN A . JEAN (UFICLASS CF&Y) O1CY ATTN H. LOOSTON
O1CY ATTN A .  UTLAUT OICY ATTN SECURITY (PALO. PHILL IPS)
OICY ATTN 0. CR08 IA
O1CY ATTN L. BERRY ASL INC.

1.95 JAVA DR I VE

NATIONAL OCEANIC I ATPCSP,iERIC ADMIN SUPIIYVALE , CA 91.066

ENvIRCFAEPJT AL. RESEARCH LABORATORIES lUCY ATTN A . ROBERT S
DEPARTMENT OF COIPERCA O1C Y ATTN JIlt S MARSHALL

O1CT ATTN C. W. PRATT lES0L~~ R, CO 80502
lUCY ATTN 8. GRLJ$B

FORD AEROSPACE I COMIJPIICAT IONS CORP01cr ATTN AEQOPOPY LAB G. REID 3939 FABIAN WAY
PALO ALTO, CA 91.503

DEPARTMENT OF DEFENSE CONTRACTORS 01Cr ATTN 2. T. MATTI IGCEY

GENERAL ELECTRIC COPANY
AEROSPACE CORPO RATION SPACE DIVISION
P . 0. BOX 92957 VALLEY FORGE SPACE CENTER
LOS ANGELE S, CA 90009 (~OOOARD BLVD KING OF PRUSSIA

OICY ATTN I. GA~~lfrW(EL P . 0. BOx 8555
O 1CY ATTN T . SALMI P!IILAO€LPIIIA , PA 19101
O1CY ATTN V.  JOSEPHSON OICY ATTN N. II. BORTFER SPACE SCI LAB
lUCY ATTN S. BONER
OICY ATTN N. STOCXWELL GENERAL ELECTRIC COPPANY
lUCY ATTN 0. OLSEN P. 0. BOX 1122
OICY ATTN 4. CARTER SYRACUSE, NY 13201
OICY ATTN F. PVRSE OICY ATTN F. REIBERT
OICY ATTN SAPA FOR PAAI

AA~~.YTICA1. SYSTENS ENGINEERING CORP
5 OLD C0CORO ROAD
11ALINGTOP, MA 018 03

O ICY ATTN RADIO SCIENCES
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GENERAL ELECTRIC COIPANY LOCCMEED MISSILES I SPACE CO INC
TEIPO—CENTER FOR ADVANCED STLOIES P. 0. BOX 50’.
816 STATE STREET (P.O. DRAWER QQ) SIMIYVALE, CA 94088
SANTA BARBARA , CA 93102 O1CY ATTN DEPT 60—12

O1CY ATTN DASIAC O1CY ATTN D. R. CPR.RCHILL
01Cr ATTN DON CHANDLER
lUCY ATTN TON BARRETT I.OOO€ED MISSiLES N~ SPACE CO INC
OICY ATTN TIM STEPHANS 3251 HAICVER STREET
O1CY ATTN WARREN S. KNAPP PALO ALTO, CA 9’.301.
lUCY ATTN W !LLIAH MCNA1IARA 01Cr ATTN MARTIN WALT DEPT 52—10
01Cr ATTN B. GAI~~I LL O1CY ATTN RICHARD G. 4011501 DEPT 52—1 2
lUCY ATTN MACK STANTON O1CY ATTN W. L. I PIPOF DEPT 52—12

GENERAL ELECTRIC TECH SERVICE S CO., INC.
liES KAdIAN SCIENCE S CORP
COURT STREET 5 . 0. BOx 7465
SYRACUSE , NY 15201 COI.ORADO SPRINGS, CO 80933

01Cr ATTN G. MILLMRN 01CY ATTN T. ItAGIIER

GENERAL RESEARCH CORPORATION LINEABIT CORP
SANTA BARBARA DIVISION 10453 ROSELLE
P. 0. BOX 6770 SAN DIEGO, CA 9212 1
SANTA BARBARA, CA 93111 lUCY ATTN IRWIN JACOBS

01cr ATTN 40+4 ISA JR
lUCY ATTN JOEL GAR8ARIVD LONALL RSOi FOUP~~ TI0I, UNIVERSITY CF

1.50 AIKEN STREET
GE OFPff S I CAL INSTITUTE LONELL, MA 0185’.
UNIVERSITY OF ALASKA OICT ATTN K . BIBL
FAIRBA,~~S * 99701

(ALL CLASS ATTN: SECURITY OFFICER) M.I.T. LINCOLN LABORATORY
01Cr ATTN 1 . N. DAVIS (LJNCI. OP&T) P. 0. BOX 73

O1C Y ATTN NEAL BRONN (LIPCL artY) LEX!PGIar1, MA 02173 
TO1CY ATTN TECI11ICAL LIBRARY 

OICT ATTN

GTE SYLVANIA INC 01Cr ATTN L. LQ.X~I1LIN

ELECTRONICS SYSTEMS ~,RP—EASTERN DIV 
01Cr ATTN 0. CLARK

77 A STREET MART IN MAR! ETTA CORP
PIEEC.INI, MA 02194 ORLANDO DIVISION

OICY ATTN MARSHAL CROSS P. 0. BOX 5837
ORLANDO, FL 52805

ILLIICIS , UNIVERSITY OF O1CY ATTN R. 1EFFNE R
DEPMTPtNT OF ELECTRICAL ENGINEERING
URBANA, IL 61803 MCDar.A&LL D0..G&.AS CORPORATION

O1CT ATTN K. YEN 5301 8OLSA AVENGE
?IUNTIPGTON BEACH, CA 92647

I LLI PCIS , UNIVERSIT Y OF lUCY ATTN N. HARRI S
107 COBLE HALL 01Cr ATTN A . NGI.LE
801 5. WR IGHT STREET O1CY ATTN GEORGE ItOZ
URBANA, IL 60680 OIC Y ATTN W . OLSON

(ALL CORRES ATTN SECURITY SUPERVISOR FOR) 01Cr ATTN A . 44. MALPRIN
O1CY ATTN K. YEll 01Cr ATTN TECHN I CAL LIBRARY SERVICES

INSTITUTE FOR DEFENSE AJSIALYSES
400 ARMY-NAVY DR IVE MISSION RESEARCH CORPORATION
ARLINGTON, VA 22202 155 STATE STREET

01Cr ATTN 2. M. AEIN SANTA BARBARA, CA 93101
OO C Y ATT N ERHE ST BAUER O1CY ATTN P . FISCHER
01Cr ATTN HANS WOLFHARD O1CY ATTN W. F. CREVIER
01Cr ATTN JOEL BEPGSTON 01Cr ATTN STEVEN L. GUTSOIE

O1C Y ATTN 0. SAPPEPFIELD
HSS, INC. 01Cr ATTN R. 800USCH
2 ALFRED CIRCL E 01Cr ATTN R. PIENGR IOC
BEOFORD, MA 01130 01Cr ATTN RALPH KILB

01Cr ATTN OCFØ&D HANSEN 01Cr ATTN DAVE SONLE
O1CY ATTN F. FA .~ NINTL TEL I TELEGRAPH CORPORATION 01Cr ATTN N. SCHEI BE

500 WASHINGTON AV !MJE O1CY ATTN C0RAD L. LOGMIRE
PAJTLEY , N . 07110 01Cr ATTN WARREN A. SCILUETER

O1CY ATTN TECIPIICAL LIBRARY
MITRE CORPORATION, THE

J AYCOR P. 0. BOX 208
140 , CNIIPC DEL MAR BEOFORD, MA 0 1750
DE L MAR, CA 9201’. OICY ATTN 4011 NGRGANSTESOI

O1C Y ATTN S. R. GOLDMAN 01Cr ATTN G. HARDING
01Cr ATTN C. E. CALLAIWO

.JOPJS IOPX INS UNIVE RSITY
APPLIED PHYSICS LABORATORY M ITRE CORP
40145 ~K~ I* INS ROAD WESTGATE RESEARCH PARK
LAUREL , ‘0 20810 1B20 DOLLY MADISON BLVD

01Cr ATTN DOCLIENT LIBRAR I AN MCLEAN, VA 22101
01C’ ATTN TIICRRS POTEP~ A 01Cr ATTN W . MALL
01C r ATTN 1014 DASSO.LAS 01Cr ATTN W . FOSTER
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PACIFIC-SIERRA RESEARCH CORP PEPIPI5YLVANIA STATE LftIIVFgS!Ty11.56 CLOYERPIR).D Sl.’.V. 
IOICSPPtRE RESEARCH LAB5WTA PO41CA, CA 90404. 
318 ELECTRICAL ENGINEERING CASTOICY ATTN E. C. FIELD JR UNIVERSITY PARC, PA 16802
(PC CLASSIFIED TO THIS ADDRESS)
01Cr ATTN I0CSPHERIC RESEARCH LAB
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* PLEASE DISTRIBUTE ONE COPY TO EACH OF THE FOLLONIYG PEOPLE:

COPTIANOERADVANCED RESEARCH PRO.jECTS AGENCY (ARPA) NAVAL AIR SYSTEMS COPPIANDSTRATEGIC TECIIP4Y.OGY OFFICE DEPARTMENT OF THE NAVY
ARLINGTON, VIRGINIA WAS HINGTON, D.C. 20 360

CAPT. DONALD H. LE~ INE DR. T . CZUBA

HARVARD UNIVERSITYNACAL RESEARCH LABORATORY HARVARD SQUAREWASHINGTON, J.C. 20315 
CN’RRIDGE, MASS. 02138

DR. P. MANGE DR. M. B. MCELROY
OR. A . PEIER DR~ R LIPCZEN
DR. E. SZUSZCZE%1ICZ — CODE 7127
DR. TIPCTHY COFFEY — CODE 6700
DR. S. OSSRKON - CODE 6780 PEHASYLVANIA STATE UNIVERSITY
OR. 2. GOODMAN - CODE 7560 UNIVERSITY PARC, PEMISYLVANIA 16802

DR. 2 . 5. NISBE T
SCIENCE APPLICATIONS, INC. DR. P. R. RONR8AUGAI
1250 PROSPECT PLAZA DR. 0. E. BARAN
LA JOLLA , CALIFORNIA 92037 DR. L. A. CARPENTER

DR. H. LEE
DR. 0. A. WtIN OR. R. DIVANYDR. L. LINSON DR . P. BEIPIETT
OR. D. SACIIS DR. E. KLEVANS

DIRECTOR CF SPACE AND ENVIRCPAENTAL LABORATORY UNIVERSITY OF CALIFORNIA , LOS ANGELES
~IOM 1.05 HILLGARD AVENGE
80JL~~A, COLORADO 80502 LOS ANGELES, CALIFORNIA 90021.

DR. A. GLENS JEAN DR. F. V. CORCIMITI
• OR. G. 44. ADAMS DR. C. KEN,EL

DR. 0. N . ANDE RSON
DR. K. DAV I ES
DR. R . F. DOlIJELLY UlI1VEASIIr CF CALIFORNIA, BERKELE Y

BERKELEY, CALIFORNIA 91.720

A. F. GEOPHYSICS LABORATORY OR. M. PRJDSON
L. G. HANSON FIELD
BEDFORD, MASS. 01750

UTAH STATE UNIVERSITY
DR. T . ELK INS 4TH N. APE) 8TH STREETS
OR. 44. SWIDER LOGAN, UTAH 81.322
HAS. A. SAGALYN
OR. J. H. FORBES DR. P. M. BAN(S
DR. T. J. KENESHEA DR. R. HARRIS
OR. 2. APRONS DR. V. PETERSON

DR. R. PtGILL
OR. K. BANER

OFFICE OF NAVAL RESEARCH CORNELL UNIVERSITY800 NORTH QU INCY STREET ITHACA, NEW YORK 11.850
ARLINGTON, VIRGIN IA 22217

OR. W. A. SWARTZDR. I . ,IJLLAJEY OR. R. SUDAN
DR. D. FARLEY
OR. M. KELLEr

COPF’A?DEA DR. A . OTTNAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO , CAL I FORN I A 92 152

NASA
DR. H. BLEIWEISS GODDARD SPACE FLIGHT CENTER

GREEPRELT, MARYLAND 20771DR. I. ROTPAtJLLER
• DR. V. HILOEBRAND

HA. R. ROSE DR. S. CHAI~~ A
DR. K. Y’AEDO

U. S. ARMY ABERDEEN RESEARCH 110 DEVELOPMENT CENTER PRIPCET~N UNIVERSITY
BALLISTIC RESEARC H LABORATORY PLASMA PHYSICS LABORATORY
ABERDEAN, MARYLAND PRINCETON, NEW JERSEY 0851.0

DR. 4. SEI~tRL DR. F . PERCIN5
DR. A. FRIEP%RN
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INSTITUTE FOR DEFENSE ANALYSIS SCIENCE APPLICAT IONS, INCORPORATED

1.00 ARMY/NAVY DR IVE 81.00 wAS PARK

ARLINGTON, VIRGINIA 22202 MCLEAN, VA 
ATTN U. COOKATSE

DR. A. BAU€R 
SCIENCE APPLICAT IONS, INC.

UNIVERSITY OF PITTSRJRGSI 80 MISSION DRI VE
PITTSB URGH, PA. 15215 PLEASANTOI,CA 91.566

DR . N. ZABUSA T
OR. M. BIONDI SRI INTERNAT IONAL

333 RAVENSW000 AV!MJE
PPSOTOStTRI CS, INC. MEPLO PARC, CA 94025
442 MARRETT ROAD O1 CY ATTN DONALD NEILSON
LEXINGTON, MA 02 173 O1CY ATTN ALAN BURNS

O1CT ATTN IRVING L. KOFSKY O1C Y ATTN G. SMITH
O1 CY ATTN L. L. COBB

PHYSICAL DYNAM I CS INC. O1CY ATTN DAVID A. JOIRSOPI
P. 0. BOX 3027 01Cr ATTN WALTER G. CNESMJT
BELLENtJE, WA 98009 01Cr ATTN CHARLES L. RIPE)

00Cr ATTN E. 4. FAE1QJW 01Cr ATTN WALTER JAVA
01Cr ATTN H. BARON

PHYSICAL DYNAM I CS INC. O1CY ATTN RAY L. LEADABR.AND
P. 0. BOX 1069 O1CY ATTN G. CARPENTER
BERKELEY, CA 94701 O1CT ATTN G. PRICE

O1CY ATTN A. T’IOPQSON 01Cr ATTN U. PETERSON
01Cr ATTN R. HAKE, JR.

R I D ASSOCIATES O1CY ATTN V. GONZALES
P. 0. BOX 9695 OICY ATTN D. MCDANIEL
MAR I NA DEL RE Y, CA 90291

01Cr ATTN FORREST GILYADR E TECHNOLOGY INT&RNAT IOFIAL CORP
O1CT ATTN BRYAN GABBARD 75 WIGGINS AVENGE
O1CY ATTN WILLI AM B. WRIGHT JR BEDFORD, MA 01730
01Cr ATTN ROBERT F . LELEVIER 01Cr ATTN .4. P. BOQUIST
01CY ATTN WILLI AM 4. KARZAS
01Cr ATTN H . OAT TRW DEFENSE £ SPACE SYS GROJP
O1CY ATTN C. MACOONALD 05€ SPACE PARK
0ICY ATTN A . TURCO REDCIIDO BEACH, CA 90278

01Cr ATTN R. K. PLEBSJCII
RANG CORPORATION, THE 01Cr ATTN S. ALTSCPU.EA
1700 MAIN STREET 01Cr ATTN D. DEE
SANTA MON ICA , CA 90406

01Cr ATTN CIJILEN CR.AI N VISIDYNE, INC.
O1CY AT TN ED BECROZIAN 19 THIRD AVEP&IE

NORTH WEST IMYJSTRIAI. PARC
RIVERS IDE RESEARCH INSTITUTE BURL INGTON, MA 01805
80 VEST EPE) AVENGE 01Cr ATTN CHARLES HIJPHAEY
NEW YORK, NY 10023 01Cr ATTN 4. 44. CARPENTER

OOC Y ATTN VITCE TRAPNII

SCIENCE APPLICATIONS, I N C .
P. 0. BOX 2551
LA JOLLA, CA 92038

01Cr ATTN LEWIS N. L I NSON
OICY ATTN DANIEL A. PW&IN
01Cr ATTN D. SACHS
01Cr ATTN A. A . STRAKER
OICY ATTN CURTIS A. SMI TH
01Cr ATTN JACK MCOGJGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBUR Y, MA 01776

01Cr ATTN BARBARA ADAI6

SCIENCE APPI.ICAT ICJIS, INC.
HUNTSVILLE DIVISION
2 109 W . CLINTON AVEF4JE
SUITE 700
PUSTSVILLE , AL 35805

O1CT ATT N DALE H . OI V IS
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