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NONLINEAR EVOLUTION OF PLASMA ENHANCEMENTS
IN THE AURORAL IONOSPHERE I:
LONG WAVELENGTH IRREGULARITIES

1. INTRODUCTION
Recently, large scale equatorward convecting plasma enhancements in the

diffuse auroral F-region ionosphere have been identified and studied [Vickrey

et al., 1980] using both radar and satellite measurements. Observed in

regions of diffuse auroral particle precipitation and associated field aligned
currents, these enhancements have overall latitudinal dimensions of a few
hundred kilometers, contain relatively steep poleward and equatorward edges,
and have been shown to be approximately field-aligned resembling vertical
slabs of ionization. Their occurrence, which is maximized in the evening-
midnight sector, is apparently not strongly related to magnetic activity nor
to E-region processes. The presence of plasma density irregularities asso-
ciated with these enhancements has been verified using satellite scintilla-

tion studies [Fremouw et al., 1977; Rino et al., 1978; Vickrey et al., 1980].

The scintillation data have indicated that the electron density irregulari-

ties are structured like L-shell aligned sheets [Fremouw et al., 1977; Rino

et al., 1978]. 1In addition, Rino and Matthews [1979] have shown that the

scintillation enhancements resulting from these irregularities cannot be ex-

plained in terms of a geometrical enhancement alone. A purely geometrical

enhancement occurs when the signal propagation path intercepts an axis trans-
verse to the magnetic field along which axis the irregularities have a high

degree of spatial coherence. Moreover, the source region of these scintilla-

tion causing irregularities has been demonstrated to be latitude limited

[Rino and Owen, 1980] and contained in a vertical slab of F region plasma.

Since these ionization enhancements are observed to convect equatorward,

their poleward edges could be unstable to the E x B gradient drift instabil-
ity [Simon, 1963; Linson and Workman, 1970] as observed in artificial iono-

spheric plasma clouds. Indeed, for observed [Vickrey et al., 1980] poleward

Manuscript submitted July 15, 1981, 1
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density gradient scale lengths of L = 10-50 km and convection velocities of
approximately 200 m/sec (Eo ~ 10 mV/m) reasonable growth rates for the ExB
gradient drift instability can be expected since Y_1=(BL/ch)k 50-250 sec where
Y is the E x B growth rate, B is the ambient magnetic field and ¢ is the speed

of light. Moreover, it has been shown [Ossakow and Chaturvedi, 1979] that by

applying the current convective instability [Lehnert, 1958; Kadomtsev and

Nedospasov, 1960] the E x B stable equatorward side of the plasma enhancements
can be driven unstable by the ambient field aligned particle precipitation
currents in conjunction with the equatorward density gradients. Other mecha-
nisms that night account for these irregularities are structured low energy

particle precipitation and irregular field aligned currents. Keskinen et al.

[1980] showed that the nonlinear state of the irregularities in the equator-
ward edges of these plasma enhancements could be characterized by poleward
convecting plasma depletions and equatorward-moving enhanceﬁents. In addition,
it was demonstrated that these irregularities could be characterized by in-
verse power laws in the nonlinear regime. However, these studies addressed
only the linear and nonlinear evolution of the equatorward side of the plasma
enhancements and did not include the E x B unstable poleward edge.

In this report we study the stability and nonlinear evolution of "two
sided" models of plasma enhancements initially latitudinally confined in order
to provide a more realistic picture of the evolution of ionization enhance-
ments in the auroral F region ionosphere. In Section 2 we present a linear
stability analysis of the plasma fluid equations which describe the evolution
of plasma enhancements in the auroral F region ionosphere. The effects of am-
bient auroral electric fields of arbitrary magnitude and direction are in-
cluded. In Section 3 we describe the numerical methods used to solve these
equations. The results of these simulations are presented in Section 4 and a

discussion of these results is given in Section 5.

2
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2. EQUATIONS OF MOTION AND LINEAR THEORY

For wavelengths greater than the ion mean free path we use fluid
equations tr ‘escribe the ion and electron plasma. The following geometry
is used: the y-axis is in the north-south direction, the x-axis points
west, and the z-axis is downward along the magnetic field. 1Imn this report
we ignore the vertical density gradient which is weaker than the horizontal

plasma density gradients [Vickrey et al., 1980] in the typical diffuse

auroral plasma enhancements. The ion and electron fluids then obey the fol-

lowing equations [Chaturvedi and Ossakow, 1979]:

on _
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Here n, (a = 1 or e) is the species density and E is the total electric

field. Since we will be interested in low frequencies and long wavelengths,

we have ignored inertial terms in the electron and ion momentum equations
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(3) and (4). Equation (5) results from the assumption of quasineutral

fluctuations n, °‘ni = n. In addition, v, and Vo refer to the electron and

ion velocities along the magnetic field giving rise to the diffuse auroral

1 current. The symbol v n denotes the ion-nentral collision frequency, v the

i el

electron-collision frequency, c the speed of light, Te‘* T, ® T the species

i

: temperature, g the ion acoustic speed and(1167e) the ion (electron) gyro-

frequency. We have neglected Ven compared with Vei and taken vaAQa << 1 for
b a = i,e (F region approximation).

Any two of equations (1), (2), and (5) provide a complete description of

the problem. We will use the ion continuity equation (1) and (5). After

separating the total electric field into an ambient and fluctuating part }

E =E - VL6¢ and transforming to a frame drifting with velocity h
v, =- (c/B) [z x E - (vinﬂ)i)go] we can write E
i
a_n .c_ > . - . =
. £ [_z_ x ¥ 697 n - (v, /2,)V, 6 Vln] -
: v cT v ,c? c 2 2
j in i ei “s 2 S dn
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] e \ 4 VinVei oz
; where yd = gﬁvo - Vo)' Linearizing (6) and (7) by separating n = no(y) + 6n !
F with 6én, 6¢ « exp[i(kxx + kyy + kzz -wt)], w = w + iy, kL >> 1, L7l = ;

8 (1/n°)(bn°/ay) we find a growth rate (k“ = kz)
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where we have assumed k, = k x + k y = 8 k cosa+ y k sina and E =E_ cosBx +
5 2 - 2 2 2 2 = 2 =
EosinB ¥ with k.|. = kx + ky . kl >> kz . D* (vei/QeQi)cS and Du
2 2 2 2
(cS /vin) 31 + [(vinlﬂi) /((veivin/ﬂeﬂi) + (kz /kx. ))] . The growth rate y

in eq. (8) is maximized for k-vectors propagating at angles a satisfying
sin(2u-B) = ¢ sinx (9)

where 7 = (kz/kL)(Qi/vin) (BVd/ch-) and we have taken kz/k.L to be fixed. For
typical parameters, kz/k.s. = 107%4, vinmi =~ 1074, vy >~ 60 m/sec (j“ =1 |.1.A/m2
at a density of n = 105cm"3.)and Eo = 10 mV/m (ch/B = 200 m/sec) we find

z = 0.3. To lowest order for fixed B we find from (9) the result that
a=>=pB/2 +-%- sin(®/2). In other words, for B # 0, the linear growth rate maxi-
mizes away from the direction perpendicular to the initial density gradient
by the angle o == B/2 +%- sin(®/2). As a result the maximum growth rate from (8)

can be written to lowest order

- cos( /2)\)ei 1 Yin CEO a2.(8/2)- —k—z v
'BQeLQ B OOV R Y4

i FS _ 2 _ 2
D;k.L Dukz

Y = )
k v v
kz + 0in Qei (10)
4 i e
For ambient electric fields perpendicular to the initial density gradient

(B = 0), eq. (8) implies that the maximum growth rate occurs for « = 0, i.e.,

k along Eoi This can be written
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where 0 = kz/kx' Note that by comparing eq. (10) and (11) the linear growth

'

rate, for arbitrary k, is reduced when Eo is not exactly perpendicular to

e —— e e e M e

Vno, i.e., B # 0 because of the cos? (B/2) factor in (10). In regions of the

plasma enhancements where ano/ay < 0 and for wavelengths whose perpendicular

B

; and parallel diffusive damping are negligible we find the condition for

! unstable growth [(vin/ﬂi) (chx/B) + Olle] > 0 where we have taken, for

i

"‘ example, the currents to be downward, i.e., Vd < 0. For westward electric

A

' fields E > (B/c) (Qi/vin)lel lle » the effects of the field-aligned currents
h.

will be to reduce (8 < 0) or enhance (8 > 0) the E x B instability growth
rate. However, when anolay > 0 the condition for unstable growth becomes
[(Vin/ﬂi) (chx/B) + elle] < 0 and could be satisfied for large enough cur-
rents with lle > (vin/ﬂi) (chx/Blel) if € < U. The expression for the
growth rate y in equation (11) can be maximized as a function of 6 = k“/kx, a

measure of field-alignment, using ay/ae|e=e = 0 giving
m

1
2 2 3
] g = vin con " (‘:on) (vin) + (veivin) (12)
- m Qi BVd BVd Qi Qeﬂi

! Using typical diffuse auroral F region parameters \)m/Qi = 10_1,+ vei/Qe 2 10-“‘

= = = 2 = T 5 -3 1
on 10 mV/m, j“ nochl 1 pA/m4, B = 0.5G, n 10°cm™° this gives
laml >~ 10”4, i.e., approximate field alignment. Inserting these parameters
| into eq. (11) with L= 20 km, D‘L ~ 0.2 m?/sec and D“ o= 108m2/sec we find that

o the fastest growing linear modes have growth times Y;u:x >~ 102 sec.




3. NUMERICAL SIMULATIONS

Equations (6) and (7) can be written in dimensionless form by
introducing the following scaled quantities T = no/No, 3@ = &¢/BL, X = x/L,

=y/L, Z = z/L,’E = ct/L as follows (where we have dropped the tilde for

clarity)

on , 38 on _ 36p on _ obp on  96p 9n) _
ot Bx 3y 9y ox 1\dx ox by oy

2 2 2
e 5E) et o
.52 8269 dn 36p , 3n dby 9%8p . 1 dn db¢

(ayay toaxox ) Y ou\3z2 ta
— e O on _ dnm _ 3%n _ 3%n 13%n
s 3x T c6 oy 7% " ‘6n (;xz + _—7) “9 1 3z (14)

with cys i=1, ..., 9 dimensionless constants given by e, = Vin/ni’
¢, = (vinﬂli)(Ti/eBL) + (veiﬂ)e)(cszlﬂicL), cy = cszlvincL, c, = Oéﬁi/vevi,
¢s = E /B, cg = Eoy/B, cy = (Qi/vi) (Vd/c), cg = T/eBL, cq = (QeQi/vevi) cg -
In the following numerical simulations we take advantage of the fact
that the fastest growing, most dangerous modes from linear theory are almost
field-aligned, i.e., k“/kl << 1 where k“(kl) is the component of k parallel
(perpendicular) to the magnetic field. These waves are of most interest to
us and, as a result, we solve equations (13) and (14) in a plane containing
these modes which is nearly perpendicular to the magnetic field while fixing
the value of k“/kx << 1. A similar approach has been adopted in numerical

studies of drift-wave [Lee and Okuda, 1976] and trapped-particle [Matsuda and

Okuda, 1976] instabilities in laboratory plasmas. The system of equations

(13) and (14) was first transformed to the ¥y  zZ7 coordinate system (as shown
in Fig. 1) by a simple rotation about the y-axis by the angle 6 = k“/kx K1

using

e
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where 6 is the angle for maximum linear growth rate defined by eq. (12) for
a definite set of a parameters vin/ﬂi, chx/BVd, vei/ﬂe. Since § << 1 this
transformation can be written d/ax = 8/dx’, d/dz = 0 d3/x’, d/dy = ¥/ ¥’
with 3/9z = 0. As a consequence the three dimensional problem is reduced to
two-dimensions. By solving equations (13) and (14) in the x’y’z’ coordinate
system a small but finite k“ is effectively introduced into the model.
Equations (13) and (14) were then solved numerically on a mesh
consisting of 258 grid points in the north-south direction (y-direction) and
102 grid points in the east-west direction (x-direction) with constant grid
spacing of 1 km. As a result, the simulation plane, which is taken to be
essentially horizontal at an altitude of 350 km in the diffuse auroral F
region, has a north-south and east-west extent of 256 and 100 km, respec-
tively. The field aligned currents are taken to be constant in space and
time over the grid. The plasma density n in equation (13) was advanced in
time using a multi-dimensional flux-corrected variable timestep leapfrog-
trapezoid scheme [Zalesak, 1979] which is second order in time and fourth
order in space. At each timestep the self-consistent electrostatic poten-
tial 4¢ of the plasma enhancement in eq. (14) was determined using a
Chebychev iterative method [McDonald, 1980] with a convergence criterion of

10”%. Periodic boundary conditions were imposed in the east-west direction

with Neumann boundary conditions (3/3y = 0) in the north-south direction. A slab
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approximation is used to model the zero order convecting plasma enhancements
in the diffuse auroral ionosphere with the north-south profile given by

no(y') =N {1 + 4.5 [tanh(y’-y;)/L+ tanh(y,-y)/L)]} (1 + e(x’,y’)) with

N =1x 10%cm™3, y; = 50 km, and y, = 125 km. This gives a maximum plasma
enhancement density to background ratio of approximately 10. The initial per-
turbation e(x',y') has a root mean square value of 0.0l and has a radially

Gaussian dependence on x’ and y’. We now drop the prime notation for clarity.

4. RESULTS

In the following we consider the linear and nonlinear evolution of
plasma enhancements in the diffuse auroral F region ionosphere in an approxi-
mately horizontal plane at 350 km altitude almost perpendicular to the magne-~

tic field. We take the following typical parameters [Vickrey et al., 1980;

Schunk and Walker, 1973; Banks and Kockarts, 1973] L = 20 km, vin/fzi =2 x

-~ = — = = = ° = 2
107°, vei/fze 2 x10 °, on 10 mV/m Te Ti 1000°K and J“ 1 pA/m

(which gives a current velocity of Vd

addition, we assume that the diffuse auroral particle precipitation current

= 60 m/sec with No ~1 x 10%m™3). 1In

J“ is downward (Vd < 0) and spatially and temporally uniform over the entire
plasma enhancement. 1In order to find the location and magnitude of the maxi-
mum linear growth rates to be expected with this set of parameters we first

compute em = kll/kx as given in eq. (12) with V, = —lV - 60 m/sec. This
i

d al =
gives two values for Om which are 67 = 1.4 x 1075 and 6~ = - 6.5 x 10~%. The
first value 6F gives a maximum linear growth rate Ypax = 1.1 x 10 2sec”! on
the poleward side (bno/ay < 0) with linearly damped perturbations Ypax >3 x

10~3sec”! on the equatorward side (anolay > 0). The second value 6~ gives

only a marginally unstable growth rate of Ymax >~ 2.1 x 10 %sec”! on the
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equatorward side with damped fluctuations Ymax >~ -~ 2.3 x 10"*seclon the
poleward side. These results agree with the experimental observations

[Vickrey et al., 1980] that the largest linear growth rates occur on the

poleward side of the convecting plasma enhancements. In this case the
effect of the field-aligned currents is to enhance the E x B gradient-drift
instability growth rate on the poleward side. The currents are too weak for
the cases studied observationally to give appreciable growth on the equator-
ward side of the plasma enhancements. We will then consider the evolution
of modes satisfying 67 = Rk = 14 x 10-5.

We consider two models with different initial electric field
configuracions. Model 1 has on = 10 mV/m, Eoy = 0 while Model 2 takes
on = 8§ mV/m, Eoy = 2 mV/m. Figure 2a-2d gives the evolution of the
plasma enhancement using Model 1 (no northward electric field). Figure 2a
shows the initial configuration which includes the small perturbation.
Figure 2b illustrates the linear regime of the simulations and shows unstable
growth on the poleward side of the plasma enhancement as predicted by the
linear result given by eq. (11). One can note the depletion jetting to the

equatorward side of the enhancement in analogy to the initial evolution of

the E x B gradient drift instability in artificial ionospheric plasma clouds

[Zabusky et al., 1973; Scannapieco et al., 1976]. Figure 2c gives the

structure of the plasma enhancement at t = 1000 sec and shows steepened fin-
gers which are beginning to elongate. Finally Figure 2d displays the plasma
enhancement at t = 1600 sec in the well-developed nonlinear regime. The
poleward edges of the principal fingers (striations) have steepened, become
quasi-one dimensional and bifurcated. The length scales on Figure 2a-d are

distorted with the depletions longer and narrower than is depicted.

10
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Figure 3a-b give sample one-dimensional spatial power spectra at
t = 1600 sec both in the east-west (P(kx)) and north-south (P(ky)) directions

respectively for Model 1. These power spectra are defined as follows

P(k) = fdky Pl k)

and
P(ky) = fdkx P(kx,ky)

-1 2 . i = -
(LxLy) [6n(kx,ky)/No] is the spectral density, 6n = N N0

L]

where §(kx,ky)
with No the peak plasma enhancement density, aad LxLy is the area of the
numerical simulation plane. For both cases these power spectra are well-
fitted with an inverse power law with spectral index n ™~ 2-2.5 for 21r/kx
between approximately 100 and 3 km and ny > 2 for 211/ky between 256 and 3 km.
Figure 4a-4d illustrate the evolution of the plasma enhancement using

Model 2 with a westward electric field on = 8 mV/m together with a north-

ward component Eoy 2 mV/m using the same initial conditions as in the

previous case (Eo 0) at t = 0, 550, 1000, and 1600 sec, As in model 1,

y

these electric field components give two values for em which are

e+ =1.7x 10" and 6 = - 5.03 X 10'“. Since e+ gives the largest linear

growth rate of Y max = 8.0 x 107 sec”? on the poleward side, we consider
in Model 2 those modes satisfying e+ = knkx = 1.7 x 107>, Figure 4a

gives the initial configuration which is identical to Fig. 2a. Figure 4b
shows the isodensity contours of the plasmas enhancement at t = 550 sec where
one can note a westward tilt to the fingers on the unstable poleward side and
decreased depletion jetting to the equatorward side in comparison to Fig. 2b.
This tilt is reminiscent of ilonospheric plasma cloud structuring [ Perkins
and Doles, 1975] in ambient electric fields which are not initially perpen-
dicular to the initial plasma cloud density gradient. The tilt can be ex-

plained, in part, by referring to the discussion following eq. (9) which

11
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states that the linear growth rate maximizes away from the direction perpen-

dicular to the initial plasma enhancement density gradient when

E » Vno # 0. The decreased depletion jetting to the equatorward side of

the plasma enhancement in Fig. 4b as opposed to Fig. 2b can be resolved by
noting than the linear growth rate in Model 2 (B °‘14°) is reduced from Model 1
(B = 0) due to the cos? (B/2) factor in eq. (10). Figure 4 c gives the
structure of the plasma enhancement at t = 1000 sec for Model 2 which also
appears slightly less developed than in Fig. 2c¢ which contains no northward
electric field component. Finally, Fig. 4d details the plasma enhancement at
t = 1600 sec for Model 2. One notes that the eastward edge of the large
finger on the westward side of the grid is slightly stepper than the westward
edge (go . Vno # 0). This may lead to L-shell aligned east-west kilometer
size structures due to secondary E x B instabilities although the present
simulations do not have adequate spatial resolution to develop such an
hypothesis. In addition, there is more pronounced bending of the fingers in
Fig. 4d in comparison to Fig. 2d and less bifurcation on the poleward tips
of the striations. As mentioned previously, these features can be explained,
in part, by the small northward electric field components.

Figure 5a-b give the one-dimensional east-west P(kx) and north-south
P(ky) spatial power spectra at t = 1600 sec for Model 2. The power laws and

spectral indices are similar to Model 1.

5. SUMMARY AND DISCUSSION
We have studied, through numerical simulations, the nonlinear evolution

of plasma enhancements in the diffuse auroral F region ionosphere. We have

12
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shown that equatorward convecting plasma slabs initially limited in latitudi-

nal extent can be destabilized on the poleward sides by a combination of the
effects of convection and field aligned currents. These simulations indicate
that this destabilization leads to striation-like structures (elongated in
the north-south direction) which can form and cascade from long wavelengths

(~ 100 km) to shorter scale sizes (~ 1 km) on the order of an hour. The

one~-dimensional irregularity spatial power spectra in the east-west direction
P(kx) o« kx—nx, nx =~ 2-2.5, for 21r/kx between 100 km and 3 km while in the
north-south direction P(ky) < ky—ny, ny > 2, for 21r/ky between 256 km and
3 km.

In this paper we have studied the quasi-two dimensional linear and
nonlinear evolution of models of plasma enhancements in the diffuse auroral
F region ionosphere. This has been accomplished by solving the plasma fluid
equations in a horizontal plane approximately perpendicular to the magnetic
field. The observed plasma enhancements are three dimensional [Vickrey et
al., 1980]. However the horizontal gradients are much steeper
than the vertical denstiy gradients allowing one to approximately
model the plasma enhancements by vertical slabs. In addition, we have not
included a full spectrum of finite k“ modes in these simulations. However,
since the modes with maximum linear growth rate have k“/k* << 1, the import-
ant structuring processes will occur in the plane nearly perpendicular to the
magnetic field.

Finally, we note that we have not addressed the source mechanism of the
plasma enhancements, their coupling to other levels, e.g., E-region, the
nature of the intermediate wavelength irregularities (A ~ 1 km) in the plasma

enhancements, and the role of neutral winds. These topics will be discussed

iin future studies.




e S

—— —
y,y/(north)

" kz =k,

Fig. 1 — Coordinate system used in simulations. The x'y’ is the simulation plane.
The x',x,2',z axes are coplanar.
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: compressed by a factor of 2.58. The distance between tic marks in the x-

[ direction (y-direction) is 5 km (12.8 km). Eight contours are plotted in equal

F‘\ increments of 1.25 beginning at 1.25. The observer is looking upward along the
magnetic field lines.
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Fig. 3 — One dimensional (a) x power spectra P(k,) and (b) y power spectra
P(ky) at t = 1600 sec for model 1. In (a) kg, = 27/100 km-! while in (b) kl"‘y
= 27/256 km~1. The dots represent the numerical simulation results; the solid
curve is a least squares fit to modes 2-30 in the x-direction and to modes 2-80 in
the y-direction. The units of P(k,), P(ky) are km.
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P(ky) at t = 1600 sec for model 2 in same format as Fig. 3.

18




- ~- .
S TR §

TS S

<~

ACKNOWLEDGEMENTS

We wish to thank J.F. Vickrey, and C.L. Rino for useful discussions.
This work was supported by the Defense Nuclear Agency and the Office of

Naval Research.

19




-
alo

UYL Yo

\:
-l
‘

o
1

REFERENCES

Banks, P.M. and G. Kockarts, Aeronomy Part A (Academic Press, Inc., New York,

NY, 1973).
Chaturvedi, P.K. and S.L. Ossakow, Nonlinear stabilization of the current

convective instability in the diffuse aurora, Geophys. Res. Lett., 6,

957, 1979.

Fremouw, E.J., C.L. Rino, R.C. Livingston, and M.C. Cousins, A persistent

subauroral scintillation enhancement observed in Alaska, Geophys. Res.

Lett., 4, 539, 1977.
Kadomtsev, B.B. and A.V. Nedospasov, Instability of the positive column in a

magnetic field and the "anomalous diffusion effect," J. Nucl. Energy,

Part C, 1, 230, 1960.
Keskinen, M.J., S.L. Ossakow, and B.E. McDonald, Nonlinear evolution of dif-

fuse auroral F region ionospheric irregularities, Geophys. Res. Lett.,

7, 573, 1980.

Lee, W.W. and H. Okuda, Anomalous transport and stabilization of collision-

less drift-wave instabilities, Phys. Rev, Lett., 36, 870, 1976.

Lehnert, B., Diffusion processes in the positive column in a longitudinal

magnetic field, in Proceedings of the Second Geneva Conference on_the

Peaceful Uses of Atomic Energy, 32, 349, 1958.

Linson, L.M. and J.B. Workman, Formation of striations in ionospheric plasma

clouds, J. Geophys. Res., 75, 3211, 1970.

Matsuda, Y. and H. Okuda, Simulation of dissipative trapped-electron

instability in linear geometry, Phys. Rev. Lett., 36, 474, 1976.

McDonald, B.E., The Chebychev method for solving nonself-adjoint elliptic

equations on a vector computer, J. Comput. Phys. 35, 147, 1980.




.
i
-
)

i

i

[]
.t

VR
+

Ossakow, S.L. and P.K. Chaturvedi, Current convective instability in the

diffuse aurora, Geophys. Res. Lett., 6, 332, 1979.

Perkins, F.W. and J.H. Doles III, Velocity shear and the E x B instability,

J. Geophys. Res., 80, 211, 1975.

Rino, C.L., R.C. Livingston, and S.J. Matthews, Evidence for sheet-like

auroral ionospheric irregularities, Geophys. Res. Letts., 5, 1039,

1978.
Rino, C.L. and S.J. Matthews, On the morphology of auroral-zone radiowave

scintillation, J. Geophys. Res., 85, 4139, 1979.

Rino, C.L. and J. Owen, The structure of localized nighttime auroral-zone

scintillation enhancements, J. Geophys. Res., 85, 2941, 1980.

Scannapieco, A.J., S.L. Ossakow, S.R. Goldman, and J.M. Pierre, Plasma cloud

late time striation spectra, J. Geophys. Res., 81, 6037, 1976.

Schunk, R.W. and J.C.G. Walker, Theoretical ion demsities in the lower atmo-

sphere, Planet. Space Sci., 21, 1975, 1973.

Simon, A., Instability of a partially ionized plasma in crossed electric and
magnetic fields, Phys. Fluids, 6, 382, 1963.

Vickrey, J.F., C.L. Rino, and T.A. Potemra, Chatanika/Triad observations of
unstable ionization enhancements in the auroral F-region, Geophys.
Res. Lett., 7, 789, 1980.

Zabusky, N.J., J.H. Doles III, and F.W. Perkins, Deformation and striation
of plasma clouds in the ionosphere, 2, Numerical simulation of a non-

linear two-dimensional model, J. Geophys. Res., 78, 711, 1973.

Zalesak, S.T., Fully multidimensional flux-corrected transport algorithms

for fluids, J. Comp. Phys., 31, 335, 1979.

2 /23




L e —

ORI ¢

DISTRIBUTION LIST

DEPARTMENT OF DEFENSE

ASSISTANT SECRETARY OF DEFENSE
Comm, CMD, CONT & INTELL
WASHINGTON, D.C. 20301
QlcY  ATTN J, BABOOXK
QICY ATTN M, EPSTEIN

DIRECTOR
COMMAND CONTROL TECHNICAL UENTER
PENTAGON RM Bt 685
WASHINGTON, U.C. 20301
vicy ATTN (%0
ulcy ATTN C-312 K. MASON

UIRECTOR

UEFENSE ADVANCED RSCH PROJ AGENCY

ARCHITECT BUILDING

1400 WILSON HLVD,

ARLINGTON. VA.
01CY ATTN NUCLEAR MONITORING RESEARCH
01Cy ATTN STRATEGIC TECH OFFICE

DEFENSE COMMUNICATION ENGINEER CENTER

1560 WIEMLE AVENUE

RESTON, VA,
Olcy ATTN CoDE R820
Q1cY ATTN CODE R410  JAMES W. MCLEAN
Otcy AT CODE R720 J. WORTHINGTON

DIRECTOR
DEFENSE COMMUNICATIONS AGENCY
WASHINGTON, D.C.
(ADR CMWDI: ATTN CoDe 2u0 FoR)
0lcy ArTH Cope 101B

DEFENSE TECHNICAL [NFORMATION CENTER
STATION
ALEXANORIA, VA, 22314
(12 COPIES IF OPEN PUBLICATION, OTHERWISE 2 COPIES)
12y ATIN TC

DIRECTOR
UEFENSE [NTELLIGENCE AGENCY
wmmsmn. u C. 203
Qley uT-18
Oley Arm LB-uC t. O'FARRELL
01Cy ATTN DIAAP A, WISE

01CY ATTN HQ~TR J. STEWART
01cy ATTN W. wiTTIG DC-7D

DIRECTOR
DEFENSE NUCLEAR i’GEK}:(YB

DEFENSE NuUQL
KIRTLAND AFB. m 87115
iy  ATTN FOPR

DIRECTOR
[NTERSERVICE NUCLEAR WEAPONS SCHOOL
KIRTUAND AFB, WM &7115

Qicy  ATTN DOCUMENT CONTROL

23

JOINT CHIEFS OF STAFF
WASHINGTON, D.C, 20301

0fcy ATIN ¢35 EVALUATION OFFICE

DIRECTOR
JOINT STRAT TGT PLANNING STAFF
0F AFB

FUTT
OmaHa, NB 68113
0lcy ATTN JLTW-2
Otlcy ATTN JPST G, GOETZ

CHIEF
LIVERMORE DIVISION FLD COMMAND DNA
DEPARTMENT OF DEFENSE
LA\QENCE LIVERMORE LABORATORY
. 0. Box 308

LIVEWE. Ca 9ux0
Olcy ATTN F(PRL
UIRECTOR

NATIONAL SECURITY AGENCY
DEPARTMENT OF DEFENSE
Fr. Gemes G. MeEADE, M 20755
ATTN JOHN SKILLMAN RS2
01cv ATTN FRANK LEONARD
01cy ATTN Wik PAT CLARK
Qlcy ATTN QUIVER H. BARTLETT W32
0lcy ATTN RS

COMMANDANT
NATO ScrHooL (SHAPE)
APO New Yorx (8172
0lcy ATTN U.S. DOCUMENTS OFFICER

UNDER SECY OF DEF FOR RSCH & ENGRG
DEPARTMENT OF DEFENSE
WASHINGTON, D.C. 20301 .
QICY ATTN STRATEGIC & SPACE SYSTEMS (QS)

WWNCCS SYSTEM ENGINEERING URG
WASHINGTON, U.C. 20505
QIcY ATTN K. CRAWFORD

COMMANDER/DIRECTOR

ATMOSPHERIC SCIENCES LABORATORY.

U.S, ARMY ELECTRONICS COMMAND

WHITE SANDS MISSILE NANGE. MM 58002
Jlcy ATTN LELo==C F. NILES

UIRECTOR A
BM) ADVANCED 1ECH (TR
HUNTSVILLE UFFICE
P. 0. 80X 1500
HUNTSVILLE, AL 35807
0lcy ATTN ATC-T MeLvin T, CapPps
01cy ATTN ATC-O W, DAVIES
0lcy ATTN ATCR  DON Russ

PROGRAM MANAGER
M PROGRAM OFF ICE
A,
Qtey ATTN DACS-sMT  J. SHEA

CHIEF C€ SERVICES DIVISION
U.S. ARMy COMMUNICATIONS (MD
PENTAGON RM 1B269
WASHINGTON, D.C. 20310
0lcy ATTN C-£-SERVICES DIVISION




COMMANDER

FRADCOM TEQNICAL SUPPORT ACTIVITY

DEPARTMENT OF THE ARMY

FORT HMONWOUTH, N,J, 07703 )
Q1Y ATTN URSEL-NL-RD H. BENNET
01CY ATTN DRSEL-PLENV . BOMKE
Q1cY ATTN J. £, QUIGLEY

COMMANDER
HARRY DIAMOND LABORATORIES
DEPARTMENT OF THE ARMY
e o
Hll
(CNWDI-INNER ENVELOPE: ATTN: DELHD-REH)
Olcy Arvn DELHD-T] o, WEINER
Olcy ATTN DELHD-RB R. WILLIAMS
Q1cy ATTN DELHD-NP F. WIMENITZ
0lcy ATTN DELHD-NP C. MOAZED

COMMANDER o
U.S5. ARMy COMMELEC ENGRG INSTAL AGY
FT. HuaCHUCA, AZ 8561 )

0lcy ATTN CCCEMEQ  GEORGE LANE

COMMANDER
U.S. ARMy FOREIGN SCIENCE & TecH CTR
220 7TH STREET, NE
CHARLOTTESVILLE, VA 22901
Ofcy ATTN DRXST-SD
Olcy ATTN R. JONES

COMMANDER N
U.S. ARMy MATERIEL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

OTcy ATTN DRCLDC  J. A, BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
BLDG 2073
SPRINGFIELD, VA 22150
QICY ATTN LI1BRARY

DIRECTOR

U.S. ARMY BALLISTIC RESEARCH LABS

ABERDEEN PROVING GROUND. MD 21005
0lcy ATTN TecH L1B EDwARD BAICY

COMMANDER
U.S. ArMy SATCOM AGENCY
Fr. MonwouTH, Ny 07703
01cY  ATTN DOCLMENT CONTROL

COMMANDER
U.S. ARMy MISSILE INTELLIGENCE AGENCY
KEDSTONE ARSENAL. A 55809

Q1CY ATTN Jim GAMBLE

DIRECTOR
U.3. ArMy TRADOC SYSTEMS ANALYSIS ACTIVITY
WHITE SANDS MISSILE RANGE, 58002

Q10  ATTN ATAA-5A

Q1Cy ATTN TCL/F. PAYAN R,

01cy ATTN ATAR-TAC LTC J. HESSE

COMMANDER
NAVAL CLECTROMIC SvSTEMS COMMAND
wASHINGTON, U.C. 20380
Qlcy  ATTN NAVALEX 034 T, HUGHE
Qlcy AtTe PE 1Y/
JICY  ATTN PHE 117-T
Qlcy At~ Cope 011

OMMWNDING UFFICER '
“AvAL [NTELLIGENCE SUPPORT (TR
4301 SUTTLAND ROAD, B.DG. >
WASHINGTON, U.C. 0390
Jlcr  ATTN MR, wuBBIN STIC 12
vicy  arta MSC-30
O1CY ATTN CODE SHO4 J. GALET

(OMMANDER

NAVAL OCEAN SYSTEMS CENTER

SAN DIEGO, CA Y2152
V3cy ATTN CODE 532 W, MOLER
Qlcy  ATTN Cobe 0230 C. BAGGETY
01cy ATTN CoDE 31 K. EASTMAN

DIRECTOR
NAVAL RESEARCH LABORATORY
msmggfrm. D.C. 375

ATTN CODE 4700 T. P, COFFEY (26.CYS IF LN, 1 CY IF CLASS)

Qlcy ATTN CODE 47071 JACK D. Rown

Qlcy ATTN CODE 4780 BRANCH HEAD (150 CYS IF un, 1 CY [F CLASS)

Qlcy ArTn Cope 7500
Olcy  ATTN CoDE 75%0
Qfcy ArTn Cope 7580
Qlcy ArTN Cope 7551
Qlcy ATTN CoDeE 7555
0icy ATTN CoDE 4730 E. MCLEAN
0icy ArT~ Cope 4187

COMMANDER
NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C.

0lcy ATTN CaPT R. PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAMLGREN, VA 22448

Olcy ATTN CAPT J. H. BURTON

OFF ICER-IN-CHARGE

NAVAL SURFACE WEAPONS CENTE

WHITE OAK. SILVER SPRING, r'o 20910
Otcy AT Cope F31

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376
0lcy ATTN NSP-2141
01cy ATTN NSSP-2722 FRED WIMBERLY

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448
Olcy ATTN Cope DF-14 R, BUTLER

OFFICE OF NAVAL RESEARCH
ARLINGO]"ON. VA 2%

01cy  ATTN Cope 421

COMMANDER

AEROSPACE DEFENSE CommanD/DC

DEPARTMENT OF THE AIR FORCE
ENT AFB. 80912

O0lcy ATTNDC MR, LONG

COMMANDER .
AEROSPACE DEFENSE COMMAND/XPD
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 30912

0lcy  ATTn XPDQQ

Otcy AT XP

AIR FORCE Geopmsms LABORATORY

HANSCOM AFB, M 01731
Qlcy ATTN QPR HAROLD GARDNER

0lcy At~ OPR-1 Jnts €. bwiex

01cY ATTN LKB KENNETH S. W. CHAMPION

Qlcr ATTN QPR ALVA T. STAIR

Olcy ATTN PHD JowN P. MULLEN




e g
v \

AF WEAPONS LABORATORY
KIRTLAND AFB. N 87117

Oy ATTN CA ARTHUR H. GUENTHER
01CY ATTN NTYC 1LT G. KRAJCI

AFTAC
PAmcx AFB, FL_ 32925
01cvr ATTN TF/WU WILEY
CY A

AIR FORCE AVIONICS LABORATORY

WRIGHT-PATTERSON AFB, OH 45433
QicY ATTN AAD WADE HUNT
Q1cy ATTN ARD  ALLEN JOHNSON

DEPUTY CHIEF OF STAFF

RESEARCH, DEVELOPMENT, & ACQ

UEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C, 20330
01cr ArTv AFRDG

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISIONXR
DEPARTMENT OF THE AIR
HANSCOM AFB, MA 01731
Olcy ATTN XR  J. LEAS

HEADQUARTERS
cLECTRONIC SYSTEMS DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA Q1732

01cy ATTN YSEA

HEADQUARTERS
ELECTRONIC SYSTEMS DIvISIONDC
UEPARTMENT OF THE ALR FORCE
HANSCOM AFE, MA Q1731

LIy ATIN DCKC MAY U.L. CLARK

COMMANDER
FOREIGN TECHNOLOGY LIVISION. AFSC
WRIGHT-PATTERSON AFH, UM 45433
Qlcy ATTN KICD  LIBRARY
Vlcy ATTN ETUP 5. salLLARD

COMMArOER
XOME AIR UEVELOPMENT CENTER., AFSC
WRIFFISS AFB, NY 13441
Qlcy ATTN DOC LIBRARY/TSLY
QTcy ATTN UCSE V. Covne

SAMSO/S2

POST UFFICE HOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA

(SPACE DEFENSE SYSTEMS)
Qlcy ArTN SZJ

Srmeelc AIR COMMAND/XPFS
FUTT N=B. Ne 08113
0lcy ATTN XPFS  MAy B. STEPHAN
Q1cy ATTN AD#\IE MAJ BRUCE BALER
Q1cy ATTN NRT
JlcY ATTN DUK CHIEF SCIENTIST

/SK
Box 32960
vm.mv Posm. CENTER
LOS ANGELES, (A 20008 .
0lcy ATTN SKA  (SPACE ComM SYSTEMS) M. CLAVIN

Qlcy ATTN MNNL  Lrc KENNEDY

COMMANDER
R0ME A1R DEVELOPMENT CENTER. AFSC
HANSCOM AFB, Ma 01731

Qlcy ATTN EEP A, LORENTZEN

DEPARTMENT OF CNERGY
ALBUQUERQUE OPERATIONS UFFICE
P. 0. Box 51()0M 115
ALBUGLIERQUE
01cYy ATTN DOC CON FOR D. SHERWOOD

DEPARTMENT OF ENERGY
LIBRARY RooM G-O42
WASHINGTON, D.C. 20545

Ofcy ATTN LOC CON FOR A, LABOWITZ

€626, Inc.
L0S ALAMOS DIVISION
Cos A N 4S5l
Lo
Olcy  ATTN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE L]VERMORE LABORATORY

P, 0. Hox 808

LIVERMORE, (A 9450
Qlcy ATTn DOC CON FOrR TECH INFO DEPT
Vlcy AtTN DOC CON FOR L-389 R, OrT
Olcy ATTn DOC CON FOR L-31 R. HAGER
Olcy ArTn DOC CON FOR L-46 F. SEwaRD

LOS ALAMOS SCIENTIFIC LABORATORY

P. 0. Box 1663

Los ALamos, M 875uS
Qlcy  ATTN Doc COn FOR J. WOLCOTT
Q1cy ATTN Doc Con FOR R. F. TASCHEX
Qlcr At Doc CON FOR E. JONES
01cr ATTN Doc Con FOR J. MALIK
0lcy  ATTN DOC CON FOR K. JEFFRIES
Olcy ATT™ Doc CoN FOR J. ZINN
01cy ATTN Doc CON FOR P. KEATON
Olcy ATTN Doc Con FOR D. WESTERVEL™

SANDIA LABORATORIES
5800

P. 0. box
ALBUQUERQLE . WM 37115
Qlcy ATTN DoC CON FOR W, iROWN
0cy  ATTN Doc Con FOR A, THORNBROUGH
O%cy ATTN DoC CON FOR T. WRIGHT
Olcy AtTn DoC Con FOR D. DAHLGREN
gicy  ATTN Doc Con For 3141
Olcy AT™™ Doc Con FOR SPACE PROJECT ULV

SANDIA (ABORATORIES
LIVERMORE LABORATORY

94550
Olcy  ATTN Doc Con FOR B. MURPHEY
Ulcy ATTN Doc LON FOR T. Cook

OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
wWASHINGTON, D.C. 20545
Olcy At woc Con FRDT. Yo Song

UTHER LOVERNMENT

CENTRAL Ima.ueewcs AGENCY
ATTN RD/SI, Rn 5GU48, rQ BLDG
WASHINGTON, D.C

01y ATTv OSI/PSID RM 5F 19

DEPARTMENT OF COMMERCE
NATIONAL BUREAY OF STANDARDS
WASHINGTON, D.C. 20234
(ALL CORRES: ATTN SEC GFFICER FOR)
Olcy ATTN R. MOORE

INSTITUTE_FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
BOWLDER, CO u0303
VICY ATTN A. JEAN (UNCLASS ONLY)
UlcY ATTN W. JrLaut
Olcy WTTN D. CROMBIE
UICY ATTN L. BERRY




e s ——— i -

IS

K

E Ny

NATIONAL UCEANIC § ATMOSPHERIC MDMIN
ENVIRONMENTAL RESEARCH LABORATORIES
LEPARTMENT OF COMMERCE
BOULDER, L0 3032

Qcy ATTN R. GRuBB .

01CY ATTN AERONOMY LAB 0. KEID

DEPARTMENT OF DEFENSE CONTRACTORS

AERQSPACE CORPORAT ION

p. 0. Box 99%

L0S ANGELES, (A 90008
Qlcy  ATTN [, GARFUNKEL
Olcy ATTN T, SAMI
Jicy ATTN V. JOSE
0lcy ATTN S. Bower
01cY ATTN N, STOOKWELL
Olcy ATTN D, OLSEN

ANALYTICAL SYSTEMS ENGINEERING CORP
S QLD CONCORD ROAD
BURL INGTON, Ma 01803

O1cY 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
Qlcy ATTN L. KEISTER
Qicy ATTN D. MURRAY
0cy ATTN G, HALL
01cy ATTN J. KENNEY

gABIFCRNXA AT SAN DIEGO, UNIV OF
.0. Box
San Dreco, CA 92106

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

Olcy ATTN ROMEO A, DELIBERIS

CHARLES STAR DRAPER LABORATORY, INC.

Qlcy ATTN D. B. Cox
Qlcy ATTN J. P. GILMORE

COMSAT LABORATORIES

LINTHICLM ROAD

CLARKSBLRG, MD 20734
VICY ATTN G, HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
[THACA, WY

Qlcy ATTN D, T. FARLEY (R

:LEC{ROSPK:E SYSTEMS. INC,
B0X
RICHARDSON, TX 75080
Olcy ATTN H. LOGSTON
01cY ATTN SECRITY (PAWL PHILLIPS)

£3L INC.

435 JAVA DRIVE _

SUNNYVALE, CA 9
Qlcy  ATTN J, ROBERTS
QICY  ATTN JAMES MARSHALL
vicy ATTN C. W. PRETTIE

26

GENERAL ELECTRIC COMPANY
SPace DIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P, Q. Box 8555
PHILADELPHIA, PA 19101
OTcy ATTN M, A, BORTNER SPACE SCI LAB

GENERAL ELECTRIC CoMPANY
P. U, 00X 1122
SYRACUSE. WY _ 13201

Q1CY HMTTN F. WEIBERT

GENERAL ELECTRIC COMPANY
TEMPQ-CENTER FOR ADVANCED STUDIES
316 STATE STREET (P.0. URAWER W)
SANTA BARBARA, (a 93102
01cr  ATTN UASIAC
Q1CY ATTN DON CHANDLER
01CY ATTN TOM BARRETT
VICY ATTN TIM STEPHANS
QICY  ATTN WARREN S. KNAPP
01CY ATTN WILLIAM MCHAMARA
0ICY ATTN B. LAMBILL
UICY ATTN MACK STANTON

LENERAL ELECTRIC TECH SeRvICES (0., [Nc.

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

GENERAL NESEARCH CORPORATION
SANTA BARBARA DIVISION
P, 0. HOX 6770
SANTA BARBARA, CA 93111
01CY ATTN JOWN [SE JR
ClCY ATTN JOEL GARBARINO

GEOPHYSICAL [NSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, A& 39701
(ALL CLASS ATTN: SECIRITY UFFICER)
Olcy ATTN T. H. Davis (UncL OnLY)
01cY ATTN NEAL BROwN (UNCL OnLY)
01cy ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC. X
ELECTRONICS SYSTEMS GRP-EASTERN DIv
77 A STREET
NEEDHAM, 4A 02194

0%cY ATTN MARSHAL CROSS

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

150 DAVENPORT HOUSE

CHAWPAIGN, IL 61820
(ALL CORRES ATTN DAN MCCLELLAND)
01cy FOR K. YEH

INSTITUTE FOR DEFENSE ANALYSES

400 ArMY-NAVY DRIVE

ARLINGTON, VA 22202
olcy ATIN J. M. AEIN
Q1CY ATTN ERNEST HAUER
Q1CY ATTN HANS WOLFHARD
U1CY ATTN JOEL HENGSTON



Ao Y -~

A
. e e o

AN

HSS. InC.
2 ALFRED CIRCLE
BEDFORD, MA 01730
Q1cy ATTN DONALD HANSEN

INTL TEL & TELEGRAPH CORPORATIUN
500 WASHINGTON AVENUE
NTLEY, W Q7110

01cy ATTN TECHNICAL LIBRARY

JAYCOR
1401 CamIno DEL MAR
DEL MaR, CA 92014
Olcy ATTN S. R. GoLDman

HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

Q1cY ATTN DOCUMENT LIBRARIAN
Q1cy ATTN THOMAS POTEMRA
01cy ATTN JOHN DASSOULAS

LOCKHEED MISSILES & SPACE (0 INC
Box S04

P. 0.

SUNNYVALE, 34038
Qlcy ATTN DEPT a0-12
Q1cy ATTN D. R, CHURCHILL

LOCKHEED MISSILES AND SFACE CO INC

351 mmvaa STREET

FALO ALTO, CA 94304
Olcy ATTN MARTIN WALT DepT 52-10
QICY ATTN mcrmn G. JOHNSON DEPT 52-12
Qlcy ATTN W, L. [MHOF DEPT 52-1%

unm SCIENCES CORP
Q. HoX 7up3

OOLORAm SPRINGS, (0 30933

Qlcy ATTN T. MEAGHER

SAN D1EGo. CA 92121
Q1cy ATTN [RWIN JACOBS

M. 1.T. LINCOLN LABORATORY

P. V. Box 73

LEXINGTON, Mma 02173
QlcY ATTN LAVID M. TOWLE
Q1cY ATTN P, WALDRON
Ofcy ATTN L. LOUGHLIN
0lcy ATTN D, QLARK

MARTIN MARIETTA CORP
JRLANno VIVISION
P, dox_5837
ORLANno, FL 32805
01cY ATTN R, HEFFNER

PHYSICAL UYNAMICS INC,
P. 0. Box 30
DELLEVUE, WA 98009

Olcy ATYNE. J. FREMOUW

PHYSICAL UYNAMICS INC,
?. v, oox 1036/
VAKLAND, Ca, 54610
ATTN: M, THOMSON
R & U ASSOCIATES
2. 0. oOx 9695
MARINA DEL Rev, CA 90291
JICY ATTN FORREST GILMORE
UICY ATTN HRYAN GABBARD
Q1CY ATTN WILLIAM B, WRIGHT R
1cy ATTYN ROBERT F. LELEVIER
Q1CY ATTN WILLIAM J, KARZAS
01CY  ATTN H. QRY
Qicy ATTN C. MacDONALD
01cy ATTN R, Turco

27

b3

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
0cy ATTN CULLEN CRAIN
Olcy ATTN cD BEDROZIAN

RIVERSIDE RESEARCH INSTITUTE
80 WEST END AVENUE
W YORK, nY 10023

01cy ATTN VINCE TRAPANL

SCIENCE APPLICATIONS, INC.
P. 0 Box 2351

92038
Qlcy ATTN LEWIS M. LINSON
Q1cY ATTN DANIEL A. HAMLIN
01cy ATTN D, SacHs
Q0lcY ATTN E. A, STRAKER
Qlcy ATTN CURTIS ". SMITH
01cy ATTN JACK MCUOUGALL.

RAYTHEON €O,
528 BOSTON POST_ROAD
SUDBURY., MA 01776
Olcy ATTN BARBARA ADAMS

SCIENCE APPLICATIONS. INC.
1710 GooDRIDGE DR
MCLEAN, VA 22102

ATTn:  J. COCKAYNE

LOCKHEED MISSILE & SPACE Co.. INC.
HUNTSVILLE RESEARCH & ENGR. (TR,
4800 BRADFORD DRIVE
HUNTSVILLE, ALABAMA 35807

ATTN: UALE H. DavIs

McDONNELL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON SEACH, (A Y2647
Q1CY ATTN N, HARRIS
Q1CY ATTN J. MOWLE
Q1CY ATTN UEORGE "ROZ
Q1CY ATTN W, ULSON
01CY ATTN R, W, HALPRIN
0lcy ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION

735 STATE STREET

SANTA BARBARA, (A 93101
(Olcy ATTN P, FISCHER
Glcy ATTN W, £. CREVIER
QlCcY ATTN STEVEN L. WTSCHE
Q1CY ATTN D. SAPPENFIELD
Qlcy ATTN R. BOGUSCH
01cY ATTN R, HENDRICK
Qlcy ATTN RALPH KILB
Q1CY ATTN DAVE SOWE
QlcY ATTN . FAJEN
Qlcy ATTN M. SCHEIBE
Q1CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A, SCHLUETER

MITRE CORPORATION, THE

P. 0., Box 208

BEDFORD, MA 017320
Qlcy ATTN JOHN MORGANSTERN
Q1cY ATTN G. HARDING
0lcy ATTN C. £, CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 Dou.v MADISON BLVD
MCLEAN, VA 22101
01cv ATTN W, HALL
C1cy ATTN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA

0lcy ATTNE. C. FIELD R




[P FUSR SUIY §

oad

PENNSYLVANIA STATE UNIVERS(TY
[QNOSPHERE RESEARCH LAB

318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802

(NO CLASSIFIED TO THIS ADDRESS)
QTCy  ATTN [ONOSPHERIC RESEARCH LAB

PHOTOMETRICS, INC,
442 MARRETT Ro

ETT ROAD
LEXINGTON, Ma 02173
Olcy ATTN [RVING L. KOFSKY

TEQHNOLOGY INTERNATIONAL CoRP
75 WIGGINS AVENUE
BeoForD. Ma Q1730

Olcy ATTe W, P. BoguisT

THW [EFENSE & SPACE SvS GROUP
ONE SPACE PARK

KEDONDO BeacH, Ca 40278
Qlcy ATTN R, K, PLEBUCH
0lcy ATTN S, ALTSCHULER
Gley ATIN D. Dee

Visidyne

5 Corporate Place
South Bedford St.
Burlington, Mass 01803

SRI INTERNAT IONAL
333 LAVENSWOOD AVENUE

MENLO PARK, (a

025

ATTN DONALD NE ILSON
ATTN ALAM BURNS

ATTN G, SMITH

ATTN L. L. CoBB

ATTN DAVID A, JOHNSON
ATTN WALTER G. CHESNUT
ATTN CHARLES L. RINO
ATTN WALTER JAYE

ATTN M. BARON

ATTN RAY L. LEADABRAND
ATTN . CARPENTER
ATTN G, PRICE

2n~ J. PETERSOM

ATTN D, MCDaNIEL




by

[, SR

B Sa N
v e~ A

il a0
— -t

Y

IOKOSPHERIC MODELING DISTRIBUTION LIST
UNCLASSIFIED ONLY

Please distribute one copy t0 each of tne following people:

Nava) Research Laboratory
Zashington, D.C. 20379

gr. P. Mange - Code 810!

Jr. R, veier - Code 8131

or. £. Szuszczewnicz - Code 4187
9r. J. Goodman ~ Code 4,180

science Applications, InC.
1250 prospect Plaza
La Jotia, California 92037

or. D. A, Hamlin
pr. L. Linson
pr. 0. Sachs

Oirector of Space ard Environmenta!
Laboratory, NOAA
3oulder, Colorado 80302

Jr. A. Gienn Jean
Dr. G. 4. Adams
pr. D. %. Anderson
Dr. K. Davies

Gr. R. 7. Donnelly

A. F. Geophysics Laboratory
L. G. Hausom Field
Bedford, Mass. C1730

pr. 7. f£lkins

Dr. #4. 5wider

Mrs. R. Sagalyn

Dr. J. M. Foroes

pr. 7. J. Xeneshea

Dr. J. Aarons L.

Dr. R. llarcisi
Office of Naval Resaarch
800 North Juincy Street
Artington, virginia 22217

Dr. H. Mullaney

Commander
Naval Electrenics Laboratory Center
san Diego, (3lifornia 92152

Mr, R. Rose - Code 5321

¥.S. Army Aberdeen Research and
Develcpmert Center

gallistic Pesearch Lahoratory

Adergazn, D

Dr. J. Heimer!

Commander

haval Air Systems [ommand
Dapartrent 2f the MNavy
Wasnington, D.C. 20360

or. T. Tzuba
Harvard University
Harvard Square
camhridqe, Mass, 02138

e, M. 8, McElroy
Or. R, Linden

Pennsylvania State University
University Park, Pennsylvanta 16322

9r, J. S. hishet
pr. P. R, Rohrdaugh
or. L. A. Carperter
Or. M. Lee

Cr. R. Divany

or, P. Bennett

Dr, E. ¥levens

tniversity of Zalifarnia, LoS Angeles
05 Miliqard Avente
Los Angelas, Cal:fornia 90024

v+, F. ¥, Coroniti
9r, C. Yenrel

29

University of California, Derkeley
Berkeley, Califarnia 94720

Dr. M. Hudson

Utah State University
4th H, ang 8th Streets
Logan, Utah 84322

Dr. P. M. Banks
Dr. R. Harris
Dr. K. Baker

Cornell University
Tthaca, New York 14830

Dr. W. €, Swartz
Dr. R. Sudan

or. 0, Farley
Dr. M. Kelley

NASA
Goddarc Space Flight Center
Greenbelt, Maryland 20771

Dr. S. Chandra
Or. K. Maeda
Dr. R.F. Benson

Princeton University
Ptasma Physics Laboratory
Princeton, New Jersey 08530

Or. F. Perkins
br, €, Frieman

Institute for Defense Analysis
400 Army/Navy Drive
Arlington, Virginia 22202

Or. E. Bauer

University of Maryland
College Park, MD 20742

Or, Y. Papadapoulos
br. £. Ott

University of Pittsburgh
pittsburgn, P2. 15261

Or. N. Zabusky
Or, M. Biondd

Defense Documentation Center
Cameron Station
Alexandria, YA 224

(12 copies if open publication
otherwise 2 copies)

12CY Attn TC

University of Californfa
Lns Alamns Scien%:fic Laboratory
- 1846

Los Alamos, New Mexico 87585

M, Pongratz
D. Simans

L. Duncan

S. Peter Gary
Massachusetts Institute df Technalogy
Plasme Fusion Center
Library, NW16-262
Cambrisge, MA 02139







