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PRELIMINARY REPORT OF NUMERICAL SIMULATIONS OF INTERMEDIATE WAVE-
LENGTH ExB GRADIENT DRIFT INSTABILITY IN IONOSPHERIC PLASMA CLOUDS

INTRODUCTION

Barium cloud injection experiments [Rosenberg, 1971; Davis et al.,
1974 ] have provided much data concerning the dynamical evolution of
plasma clouds in the F region ionosphere. The characteristic steepen-
ing, elongation, and striation of barium plasma clouds have been ex-
plained by applying the ExB gradient-drift instability [Simon, 1963]

to plasma cloud geometries [Haerendel et al., 1967; Linson and Workman,

1970; Volk and Haerendel, 1971; Perkins et al., 1973]. Numerical

solution of the fundamental fluid equations modelling the ExB insta-
bility in plasma clouds have reproduced not only the large scale gross

observational features of plasma cloud evolution [Zabusky et al., 1973;

Lloyd and Haerendel, 1973; Goldman et al., 1974; Doles et al., 1976;

Ossakow et al., 1975, 1977] but also the spatial power spectra [Scanna-

pieco et al., 1976] and minimum scale sizes of plasma cloud striations

[McDonald et al., 1978]. However, the goal of these numerical simula-

tions was to model the dynamics of the entire plasma cloud and wave-
lengths less than about a kilometer were not accurately resolved. But
barium cloud experiments sponsored by the Defense Nuclear Agency have

shown [Baker and Ulwick, 1978; Kelley et al., 1979] that the power

spectra of the plasma cloud striations extends to wavelengths on the
order of meters to tens of meters. It is of interest to numerically
model these intermediate wavelength (100-1000 m) irregularities in order

to compare with and supplement experimental observations.

Note: Manuscript submitted October 5, 1979.




In this preliminary report we present a two-dimensional numerical

simulacion of the intermediate wavelength ExB gradient-drift insta-
bility applicable to local unstable regions of large F region barium
plasma clouds. The results of these simulations will be shown to be
consistent with experimental and theoretical studies of striated barium
clouds and, in many respects, similar to recent numerical simulations
[Keskinen et al., 1979] of the intermediate wavelength collisional
Rayleigh-Taylor instability in local regions of the bottomside of the

equatorial F region ionosphere.

MODEL EQUATIONS

We wish to model two-dimensional ExB gradient-drift processes in
local unstable regions of large ionospheric F region plasma clouds.
The restriction to large clouds (large Pedersen conductivity compared
with that of the background ionosphere) permits both the neglect of
the cloud interaction with the background ionosphere (second level)
and variations of cloud density and potential along the magnetic
field lines. For wavelengths greater than the ion-gyroradius (approxi-
mately 10 m for Ba+ in the twilight F region) a fluid description can

be used which equations have been given previously [Perkins et al.,

1973; McDonald et al., 1978; Chaturvedi and Ossakow, 1979].

By adopting a Cartesian coordinate system (x,y,z) with the geo-
magnetic field B in the z-direction, the ambient electric field E,
along the x-axis, and ignoring to lowest crder electron and ion

inertia, we can write after transforming to the cEOxQ/BZ frame
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where n(x,y,t) is the plasma cloud ion density, ¢;(x,y,t) is the

electrostatic potential of the plasma cloud, K ok ek -l, i
e en ei

Kea = Qe/veq’ with Ven® Vei the electron collision frequencies with

neutrals and ions, respectively, and Te = Ti = T is the temperature.

All other symbols retain their conventional meaning. By linearizing

4 (1) and (2) and expressing n = n, + n; with n;, ¢, = exp

[i(kx x + ky y) + ' t], k- B=0, k L >1 we find

Y - -
X (cEO/BL)(kx/k)z (\;e“+\;ei)(k2c52)/nanjL

“1 - 2 e g 2 2 2 =
where L (1/n°)(an0/ay), k kx + ky . Cs T/mi. We note that
the growth rate Yk maximizes for modes perpendicular to the density
gradient (k = kx) while the modes parallel to the density gradient

; (k = ky) are damped by cross-field diffusion.

Numerical Simulations

By defining n' (x,y) = n(x,y)/no(y), @ (x,y) = ¢, (x,y)/BL,
x' = x/L, y' = y/L, t' = ct/L, where no(y) will be defined later,

equations (1) and (2) can be written in dimensionless form as follows

(after dropping primes for clarity)
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where g; = 2T/eBKeL, B, = Eo/B, B3 = T/eBL are dimensionless constants.

Equations (3) and (4) were solved numerically. The normalized
plasma cloud density n/n0 in (3) was advanced in time using a variable
time step flux-corrected predictor-corrector scheme [Zalesak, 1979]
which is basically second order in time and fourth order in space.
Equation (4) was solved for the cloud potential ¢;(x,y) at each time
step using a regridded Chebychev relaxation method [McDonald, 1977].
The results to be presented here were obtained using mesh of 64 x 64
grid points with constant spacing Ax = Ay = 15 m. Periodic boundary
conditions were imposed on n/no ard ¢; in both the x and y directions.
The parameters used in these simulations are typical of 200 km barium
releases: T = 103 OK, Qe = 9 x 10° sec _1, ni (Ba+) = 36 sec_l, B =
0.5 G, Eo = 2mV/m, Vg ™ 2 x 103 sec !, Ven = 150 sec ! [Banks and

Kockarts, 1973; McDonald et al., 1978].
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Three different computer runs were made using different values
of the equilibrium plasma cloud density gradient scale length L = 3,
6, 10 km where no(y) = No (1 + y/L), No constant, is a steady state
(3/3t = 0) solution of (1) and (2). The simulations were initialized

with a two-dimensional perturbation of the form [Chaturvedi and

Ossakow, 1979] én(x,y,t = 0)/n° = Al,l sin kyy coskxx + Az’osin Zkyy
with k =k = 2n/960 m with A] | = 2 x 1073 and Az 0= 2x 1076 (where
Sn = n-no). We will now present the important nonlinear results of
these simulations.

Fig. la gives an isodensity contour plot of Gn((x,y)/no in the
x-y plane at t = 0 for L = 3 km. The initial contours describe a
sequence of enhancements (Gn/no > 0) and depletions (6n/n° < 0)
arranged in a checkerboard fashion. Fig. 1b and lc show the evolution
of 6n/n° at t = 1500 and 1800 sec, respectively. The density fluctua-
tion contours of Gn/no at t = 2000 ser are displayed in Fig. 1d where
some elongation in the y-direction (ExB) and steepening can be seen.
Similar contour development was also observed for the other two plasma
cloud density gradient scale lengths L = 6, 10 km but on longer time
scales.

Figs. 2a-b show representative one-dimensional power spectra both
parallel P(ky) to the ExB drift and perpendicular P(kx) in the non-
linear late time regime for L = 6 km. These power spectra are defined

as follows
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In the late time nonlinear state for the three scale lengths L = 3, 6,
-n -n

l 10 km, P(k ) «k  *and P(k ) =k Y withn =2-3 and n_ = 2-2.5
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with recent in situ experimental measurements [Baker and Ulwick, 1978;

|
i
|
for wavelengths A = 70-960 m. These spectral indices are consistent *
i
i
i
i

Kelley et al., 1979] and analytical studies [Chaturvedi and Ossakow,

1979] of barium cloud striations.

Finally, Fig. 3 presents the time history of modes A} ; and A,
’ ’

for L = 10 km. Initially the Ay o mode alcng the ExB (density gradi-
14

ent) direction damps as given by linear theory. As the linearly un~

stable A; ; increases it nonlinearly triggers the growth of A; . At
’ bl
late times these modes arrange themselves in approximate agreement with i

the nonlinear amplitudes predicted by Chaturvedi and Ossakow [1979]. j

Similar time development of A; | and A, , are observed for L = 3, 6 km.

SUMMARY .

We have performed preliminary numerical simulations of the inter-
mediate wavelength ExB gradient-drift instability in local unstable
regions of large F region ionospheric plasma clouds using parameters
typical of 200 km barium releases. For barium cloud density gradient

scale lengths L =3, 6, 10 km we find that: (1) linear unstable
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modes saturate by nonlinear excitation of linearly damped modes along the
y direction parallel to ExB drift and the initial cloud density gradient;
(2) in the nonlinear well developed state elongation along the ExB di-
rection is seen; (3) the one-dimensional power spectra P(kx) « kx.nx and
P(ky) © ky-ny with n = 2-3 and ny = 2-2,5 for Javelengths A = 70-960 m.

These results are consistent with recent barium cloud experimental measure-

ments [Baker and Ulwick, 1978; Kelley et al., 1979]; support the nonlinear

analytical work of Chaturvedi and Ossakow [1979]; and show furthermore

the similarity between the ExB gradient drift instabiiity in ionospheric
plasma clouds and the collisional Rayleigh-Taylor instability in the
equatorial F region ionosphere.

Future studies are planned which include variation of the para-
meters used in these simulations, addition of inertial effects, and
inclusion of the cloud interaction with the background ionosphere

(second level).
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Fig. 3 — Time history of mode amplitudes Az (along initial cloud density gradient)
and Ay for L = 10 km where Ay 5 = Amk,, nko, 8Nd Kox = Koy = 27/960 m. The
horizontal solid lines are the steady state amplitudes A; 3 T and AgoT™ from the
theory of Chaturvedj and Ossakow (1979].
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COMMANDER

(CNWD1-INNER ENVELOPE: ATTN: DELMD-RSM)
ATIN DELMO-T] M. WEINER

ATTN DELHO-RE R. WILLIAMS

ATTN DELMO-NP F. WIMENITZ

ATTN DELFO-NP €. MOAZED

)

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

01CY

COMMANDER

ATTN CCC-EMEQ GEORGE LANE

U.S. ARMY FOREIGN SCIENCE & TEOt CTR
220 7TH STREET, NE
CHARLOTTESVILLE, VA 22901

olcy
olcy

COMMANDER

ATTN DRXST-5D
ATTN R, JONES

U.S. ARMY MATERIEL DEV & READINESS CMD
5001 E1SENHOWER AVENUE
ALEXANDRIA, VA 22333

olcy

COMMANDER

ATTN DRCLOC  J. A. BENDER

U.S. ARMY NUCLEAR AND CHMEMICAL AGENCY
7500 BACKLICK ROAD

8L0G 2073

SPRINGF IELD, VA 22150

01Cy

DIRECTOR

ATTN LIBRARY

U.S. ARMY BALLISTIC RESEARCH LABS
ABERDEEN PROVING GROUND, MD 21005

01CY
COMMANDER

ATTN TECH LIB EDwARD BAICY

U.S. ARMY SATCOM AGENCY
FT. MONOUTH, NJ 07703

g1y
COMMANDER

ATTN DOCUMENT CONTROL

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

olCy

DIRECTOR

ATTN JIM GAMBLE

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

01Cy
01Cy
0lCy

COMMANDER

ATTN ATAA-SA
ATTN TCC/F. PAYAN JUR.
ATTN ATAA-TAC LTC J., HESSE

NAVAL ELECTRONIC SYSTEMS COMMAND
wASMINGTON, D.C. 20360

01CY
0l1Cy
03Cy
01Cy

ATTN NAVALEX 03& T. HUGHES
ATTN PME 117

ATTN PME 117-T

ATTN COOE 5011

COMMANDING OFF 1 CER

NAVAL INTELLIGENCE SUPPORT CTR
301 SUITLAND ROAD, BLDG. 5
WASHINGTON, D.C. 20390

o1Cy
olcy
oicy

ATTN MR. DUBBIN STIC 12
ATTN NISC-50
ATTN CODE S40b J. GALET
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R
NAVAL SURFACE WEAPONS CENTER
OAMLGREN LABORATORY
OMLGREN, VA 22448
01CY ATTN CODE OF-l4 R. BUTLER

COMMANDING UFF[CER

NAVY SPACE SYSTEMS ACTIVITY

P.0. BOX 92960

WORLOWAY POSTAL CENTER

LOS ANGELES, CA. 90009
01CY ATTN CODE 52

OFFICE OF NAVAL RESEARCH

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

COMMANDER
AEROSPACE DEFENSE COMMAND /OC
OEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

O1CY ATIN OC MR, LONG

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

01CY ATTN XPDQQ

01CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, WA 01731
01CY ATTN OPR HAROLD GARDNER
01CY ATTN OPR-1 JAMES C. ULwICK
01CY ATTN LKB KENNETH 5. W. CHAMPION
01CY ATTN OPR ALVA T, STAIR
O01CY ATIN PP JULES AARONS
QLCY  ATTN PHO  JURGEN SUCHAU
0ICY ATTN PHD  JOMN P, MULLEN

AF WEAPONS LABORATORY

KIRTLAND AFB, N 87117
01CY ATTN SW
01CY ATTN CA ARTHUR H. GUENTHER
0I1CY ATIN DYC CAPT J. BARRY
01CY ATTN DYC  JOMN M. KAMM
01CY ATTN DYT CAPT MARK A, FRY
01CY ATTN DES MAU GARY GANONG
Q1CY ATTN OYC  u. JANNL

AFTAC

PATRICX AFB, FL 32925
01CY ATTN TF/MAJ WILEY
0lCy ATIN TN

AIR FORCE AVIONICS LABORATORY

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

DEPUTY CHIEF OF STAFF

RESEARCH, DEVELOPMENT, § ACQ

DEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C. 20330
01CY ATTN AFROQ

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/XR
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA (1731

01CY ATTN XR J. DEAS

MEADQUARTERS
ELECTRONIC SYSTEMS OIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
WANSCOM AFB, MA 01731

01CY ATTN YSEA




LR G e

SENERAL ELICTAUIL TEI- SEVICES LS., 1K,
~MES
COURT $7R32°
SYRACUSE, \Y 13291
LY ATTN S MM

GENERAL RESEARCH CORPQRATION
SANTA 8ARBARA DI vISION
P. O, 80x 6770
SANTA BARBARA, (2 93111
01CY ATTN JOmN [SE JR
01CY  AT™N JOEL GARBARING

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRIANKS, & 99701
(ALL CLASS ATTN: SECURITY OFFICER)
QLCY ATTN T. N, DAVIS (UNCL ONLY)
G1CY ATTN NEAL BROWN (UNCL OMLY)
01CY ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIv
77 A STREET
NEEDHAM, MA 02134
01CY ATTN MARSHAL CROSS

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

01CY ATTN K. YEM

ILLINOLS, UNIVERSITY OF

107 COBLE HALL

801 S. WRIGHT STREET

URBANA, 1L 60680
(ALL CORRES ATTN SECURITY SUPERVISOR FOR)
G1CY ATTN X, YEM

INSTITUTE FOR DEFENSE ANALYSES

400 ARMY-NAVY DRIVE

ARLINGTON, VA 22202
01CY ATTIN J. M, AEIN
01CY ATTN ERNEST BAUER
O1CY  ATTN HANS WOLFHARD
01CY ATTN JOEL 8ENGSTON

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

INTL TEL & TELEGRAPH CORPORATION
SO0 WASHINGTON AVENUE
NUTLEY, Ny 07110

01CY ATTN TECHNICAL LIBRARY

JAYCOR
1601 CAMINO DEL MAR
OEL MAR, CA 92014
0ICY. ATTN S. R. GOLDMAN

JOMNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOMNS HOPK INS ROAD

LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAN
0ICY ATTN THOMAS POTEMRA
01CY ATTN JOHN DASSOULAS

LOCKHEED MISSILES & SPACE CO INC
P, 0. BOX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D, R. CHMURCHILL

LOCKHEED MISSILES AND SPACE CO INC

3251 HANOVER STREET

PALO ALTO, CA 94304
01CY ATTN MARTIN WALT OEPT 52-10
01CY  ATIN RIOWARD G. JOMNSON DEPT $2-12
01CY ATTN w. L. [MHOF DEPT 52-12
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KAMAN SCIENCES CORP

#, 0. BOx 7463

COLORADO SPRINGS, CO 60933
0ICY ATIN T, MEAGHER

LINKABIT COR?
10453 ROSELLE
SAN DIEGO, CA 92121
01CY ATTN [RWIN JACO3S

M. 1.T. LINCOLN LABORATORY

P. 0. BOX 73 e

LEXINGTON, MA 02173
01CY  ATTN DAVID M., TOWLE
0lCY ATTN P, wWALDRON
01CY ATTN L. LOUGHLIN
31CY ATIN D, CLARX

MART [N MARIETTA CORP
ORLANOO D1VvISION
P. 0. BOX 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

MCOOMNELL DOUGLAS CORPORAT ION
5301 B0LSA AVENUE
HUNTINGTON BEACH, CA 92647
QICY  ATTN N, ~ARRIS
01CY ATTN U. MOWLE
01CY ATTN GEQRGE MRD2
01CY ATTN w. OLSON
0ICY ATTN R, w. PALPRIN
01CY ATTN TECHNICAL LIBRARY SEQVICES

MISSION RESEARCHM CORPORATION

735 STATE STREET

SANTA BARBARA, CA 93103
01CY ATTN P. FISCHER
01CY ATTN W, F, CREVIER
QICY ATTN STEVEN L. GUTSCME
01CY ATTN O. SAPPENFIELD
01Cy ATTN R, BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTN DAVE SOWLE
01CY ATTN F. FAUEN
01CY ATTN M, SCHEISE
01CY  ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE

f. 0. 80x 208

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

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLW
MCLEAN, VA 2210}
01CY ATTN W, MALL
01CY ATTN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
1656 CLOVERFIELD BLWD.
SANTA MONICA, CA 9040

01CY ATTN E. C. FIELD uR

PENNSYLVANIA STATE UNIVERSITY
1ONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802
(NO CLASSIFIED TO TMIS ADDRESS)
01CY ATTN IONOSPHERIC RESEARGH LAB

BREEREE S o Y I T




COMMANDER

NAVAL OCEAN SYSTEMS CENTER

SAN DIE6O0, CA 92152
03CY ATTN CODE 532 W. MOLER
01CY ATTN COOE 0230 C. BAGGETT
0l1CY ATTN CODE 81 R. EASTMAN

OIRECTOR
NAVAL RESEARCH LABORATORY
WASHINGTON, O.C. 2037%
01CY ATTN CODE 6700 TIMOTHY P. COFFEY

(25 CYS IF UNCLASS, 1 CY IF CLASS)

01CY ATTN CODE 6701 JACK D. BROWN

01CY ATTN CODE 6780 BRANCH HEAD (150 CY$S

IF UNZLASS, 1 CY iF CLASS)

C1CY ATTN CODE 7500 +Q COMM DIR BRUCE WALD
01Cy ATTN CODE 7550 uJ. DAVIS

01CY ATTN CODE 7580
BICY ATTN CODE 7351
01CY ATTN CODE 7555
01CY ATTN CODE 6730
01CY ATTN CODE 7127

€. MCLEAN
C. JOMNSON

COMMANDER
NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C. 20362

01CY ATTN CAPT R, PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
OAMLGREN, VA 22448

01CY ATTN CAPT J. H. BURTON

OFF | CER~ IN-CHARGE

NAVAL SURFACE WEAPONS CENTER

wHITE OAK, SILVER SPRING, MO 20910
0iCY ATTN CODE F31

OIRECTOR
STRATEGIC SYSTEME PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376
Q1CY  ATYN NSP-216)
0ICY ATTN NSSP-2722 FRED wIMBERLY

NAvaL SPACE SYSTEM ACTIVITY

P. 0. 80x 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CALIF. 90709
JICY ATIN A, B. HAZZARD

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/OC
DEPARTMENT OF THE AIR FORCE
HANSCOM AF3, MA 01731
01CY ATTN DXKC MAJ J. C. CLARK

COMMANDER

FOREIGN TECHNOLOGY OIVISION, APSC

WRIGHT-PATTERSON AFB, OM 45433
0ICY ATTN NICO LIBRARY
01Cy ATTN ETOP 3. BALLARD

COMMAMNDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFF [SS AFB, NY [34al
01CY ATTN DOC LIBRARY/TSLO
01CY ATTN OCSE v. COVYNE

SAMS0/S2

POST OFFICE 80X 92960

WORL JwAY POSTAL CENTER

LOS ANGELES, CA 90009

(SPACE DEFENSE SYSTEMS)
01CY ATTN SZu
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STRATEGIC AIR COMMAND/XPFS

OFFUTT AFS, N8 63113
01CY ATTN XPFS MAJ 8. STEPrAN
DICY ATTN ADWATE MAU BRUCE BAUER
O1CY ATTN NRT
0ICY ATTN DOX CHIEF SCIENTIST

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

SAMS0/SK

P. 0. BOX 92960

WORLOWAY POSTAL CENTER

LOS ANGELES, CA 90009 i
01CY ATTN SKA (SPACE COMM SYSTEMS) M. CLAVIN

SAMSO/MN
NORTON AF3, CA 92409
(MINUTEMAN)

0ICY ATTN MNNL  LTC KENNEDY

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

GICY ATTN EEP A. LORENT2EN

DEPARTMENT OF ENERGY

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

DEPARTMENT OF ENERGY N
LIBRARY ROOM G-042
WASHINGTON, D.C. 20545

0ICY ATTN DOC CON FOR A. LABOWITZ

EGEG, INC. ’
LOS ALAMOS DIVISION
P. 0. BOX 809
LOS ALAMOS, NM 85544
Q1CY ATTN DOC CON FOR J. BREEDLOVE

il
UNIVERSITY OF CALIFORNIA i
LAWRENCE LIVERMORE LABORATORY !
P. 0. 80X 808
LIVERMORE, CA 94550
0ICY ATTN DOC CON FOR TECH INFO DEPT
O1CY ATTN DOC CON FOR L-3d9 R, OTT
0ICY ATTN DOC CON FOR L-31 R. HAGER
01CY ATTN DOC CON FOR L-u6 F. SEWARD

LOS ALAMOS SCIENTIFIC LABORATORY
P. O. BOX 1663

LOS ALAMOS, NM 87545
01CY ATTN DOC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R, F, TASCHEX
0ICY ATTN 0OC CON FOR E. JONES
01CY ATTN DOC CON FOR u. MALIK
01CY ATTN DOC CON FOR R, JEFFRIES
01CY ATTN DOC CON FOR J. ZINN
0ICY ATTN DOC CON FOR P, KEATON
0I1CY ATTN DOC CON FOR D. WwESTERVELT
SANDIA LABORATORIES
P. 0. 80X 5800 .
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR u. MARTIN
0ICY ATTN DOC CON FOR o, BROWN
0ICY ATTN DOC CON FOR A, THOANBRUUGr
0ICY ATTN DOC CON FOR T, wRIGHT

0lcy
01Cy
o1Cy

ATTN DOC CON FOR D, DNLGREN
ATTN DOC CON FOR 3161
ATTN DOC CON FOR SPACE PROVECT DIV




SANDIA _LA30RATORIES

LIVERMORE « ABCRATORY

P. 0. 30x %69

LIVERMORE, CA  G4550
ALCY ATTN UOC CON FOR 3. MURPHEY
01CY  ATIN DOC CON FOR T

OFFICS OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
AASHINGTON, O.C. 20545

01CY ATTN D0C CON FOR D. GALE

OTHER GOVEINVENT

CENTRAL INTELLIGENCE AGENCY
ATTN RD/SI, M 5648, -Q BLDG
WASHINGTON, D.C. 20505

01CY ATTN OSI/PSID RM SF 13

JEPARTMENT OF COMMERCE
NATJONAL BUREAU OF STANDARDS
WASHINGTON, O0.C. 20234
(ALL CORRES: ATTN SEC OFFICER FOR)
0l1CY ATTN R. MOORE

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS § INFO ADMIN
BOULDER, CO 80303
01CY ATTIN A, JUEAN (UNCLASS ONLY)
01CY ATIN o, UTLAUT
01CY ATIN D. CROMBIE
0iCY ATTN L. BERRY

NATIONAL OCEANIC § ATMOSPMERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRuUBB

01CY ATTN AERONOMY LAB G. REID

AERQSPACE CORPORATION

P. 0, BOX 92957

LOS ANGELES, CA 90009
01CY ATTIN . GARFUNKEL
0lCY ATTN T, SALMI
01CY ATTN V., JOSEPHSON
01CY ATTN S, BOWER
01CY ATTN N. STOCKwELL
01CY ATTN D. OLSEN
01CY ATTN J. CARTER
01CY ATIN F, MORSE
01CY ATTN SMPA FOR Pww

ANALYTICAL SYSTEMS ENGINEERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 01803

01CY ATTN RADIO SCIENCES

BERKELEY RESEARCH ASSOCIATES, INC.
P. 0. BOx 983
BEAKELEY, CA 94701

01CY ATTN J. WORKMAN
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BOEING COMPANY, TrE

P. O. 80x 3707

SEATTLE, wA 96124
0lCY ATIN G. KEISTER
0ICY ATTIN D. MURRAY
01CY ATTIN G. mALL
01CY ATTN J. KENNEY

CALIFORNTA AT SAN DIEGO, UNIv OF
1PAPS, B-019
LA JOLLA, CA 92093

01CY ATTN HENRY G. SOOKER

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

01CY ATTN ROMEQ A. DELIBERIS

CHARLES STARK URAPER LABORATORY, INC.
555 TECHNOLOGY SQUARE
CAMBRIDGE, ™A 02139

01CY ATTN D, 8. COX

0lCY ATYN . P. GILMORE

COMPUTER SCIENCES CORPORATION
5565 ARLINGTON 3LVD
FALLS CHURCH, vA 22046
01CY ATTN ». 2LANK
01CY ATTN JOMN SPGOR
01CY ATTN C. NAIL

COMSAT LABORATORIES

LINTHMICUM ROAD

CLARKSBURG, MO 20734
0ICY ATTN G. HWYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATTN D, T. FARLEY uR

ELECTROSPACE SYSTEMS, INC.
80X 1359
RICHARDSON, TX 75080
01CY ATTHN M. LOGSTON
01CY ATTN SECURITY (PALL PHILLIPS)

ESu INC.

445 JAVA ORIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
Q1CY ATTN C. w. PRETTIE

FORD AEROSPACE & COMMUNICATIONS CORP
3939 FABIAN wAY
PALO ALTO, CA SQu303

01CY ATIN J. T. MATTINGLEY

GENERAL ELECTRIC COMPANY
SPACE J1VISION
VALLEY FORGE SPACE CENTER
GODOAKD BLVD KING OF PRUSSIA
P. C. 8Ox 8555
PHILADELPHLA, PA 19101
01CY ATTN M, H, BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY
P, 0. 8OX 1122
SYRACUSE, NY 13201

01CY ATTN F, REIBERT

GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.O. ORAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN DASIAC

01CY ATTN DON CHANDLER

0ICY ATTN TOM BARRETTY

01CY ATTN TIM STEPHANS

DI1CY ATTN WARREN S. KNAPP

01CY ATTN WiLLIAM MCNAMARA

0ICY ATTN B. GAMBILL

1CY  ATYN MACK STANTON




L KUY
CeRe JYNAMITS IN.

23306
Je

TEYSiLAL SYNAMELS ING.

RE D ASTOCIATES

CIVIRN- IV S-L

MARINA DEL ¥V, CA 9029l
G0y ATTN FORREST GILMORE
CLCY  ATTN ARYAN GABBARD
CICY  ATTN wlcL1AM 3. 4RIGmT UR
010y ATTN Q0BERT F. LELEVIER
OICY  ATTN wILLIAM J. KARZAS
GlCY  ATIN H, ORY
O1CY  ATTN I, MACDONALD
JICY  ATIN R, TLRCO

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
0lCY ATTN ED BEOROZIAN

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

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P. 0. 80x 2351

LA JOLLA, CA 92033
01CY ATTN LEWIS M. LINSCN
0ICY ATTN DANIEL A, HAMLIN
01CY ATTN D. SACHS
01CY ATTN E. A, STRAKER
Q1CY ATTN CURTIS A, SMITH
01CY ATTN JACK MCOOUGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776
0lCY ATTN BARBARA ADAMS

SCIENCE APPLICATIONS, INC.
HMUNTSVILLE DIVISION
2109 w. CLINTON AVENUE
SUITE 700
HMUNTSVILLE, AL 35805
0lCY ATTN DALE H. DIVIS
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SCIENLE P21 a7 hs,

B0 MISSION U3dvz

PUEASANTON, Ih aefoy
GiCY aTIN 32

SR1 INTERNAT I CNAL

333 AVENSAOUD AVEWE

MENLG PARX, CA 9425
01CY  ATTN QUNALD MEILSUN
OICY  ATTN ALAN BURNS
0I1CY ATIN G. SM|TH
0ICY ATTN L. L. CuBsS
UICY ATTN DAVID A, JORNSON
UICY  ATTN #ALTIR 5. cmESWUT
GICY ATTN C~ARLES L. RUNG
01CY ATTN wWALTER (AYE
01CY ATIN M, BARON
01CY ATTN RAY L., LCADABRANG
01CY ATTIN . CARPENTER
GICY ATTIN 5. PRICE
0ICY ATTIN J. PETERSON
OICY ATTN R. HAKE, JR.
01CY ATTN V. GONZALES
GICY ATIN D. MCDANIEL

TECHNOLOGY [NTERNATIONAL CORP
75 WIGGINS AVENUE
BEOFORD, MA 01730

01CY ATTN 4. P. BOQUIST

TRA DEFENSE § SPACE SYS GROUP

ONE SPACE PARKX

REDONDO BEACHM, CA 90278
01CY ATIN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
01CY ATTN D. DEE

VISIDYNE, INC.
19 TRIRD AVENUE
NORTH WEST INDUSTRIAL PARK
BURLINGTON, MA 01803
01CY ATTN CHARLES HUMPHREY
0I1CY ATTN J. w. CARPENTER




