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STRUCTURING OF COLLISIONLESS, HIGH VELOCITY ION CLOUDS

Introduction

In recent years there have been a number of releases of barium ion
clouds at very high altitudes with high velocities perpendicular to the
geomagnetic field. A number of examples include: the NASA-MPE 5 RE barium
release,l’2 the Avefria barium jet,3 the NASA~CAMEO experiment,% and the
University of Alaska radial shaped charge.> It is the purpose of this note
to show that these clouds should be unstable to a Rayleigh-Taylor instabil- )
ity driven by the deceleration of the cloud in the geomagnetic field. This
Rayleigh-Taylor instability could cause a very rapid striation of the ion

clouds.

Instability Theory

We consider the ion continuity equation,

api

5c *Vrlyy)=0 )

and conservation of electric current, ]

V‘.‘_].=0' (2)

[
Define C ==/B—§- d? the capacitance of the ion cloud integrated along the 1

magnetic field. Then the field line integrated equation (1) can be written

3C . - ]
stV €y, =0 (3) 1
For a cold collisionless plasma the field line integrated momentum equation 1
yields
OE
J=C3 - (4)

The electric current is strictly a polarization current which when sub-

stituted into equation (2) results in
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. OE
v C'B—E'-O. (5)

We now take C = Co + C! exp - i(wt-kx) and E = Eo + Elexp-1@t-kx) where

Eo =y, X B and Y, is the initial cloud velocity. Linearizing (3) and (5)

we obtain
1 €
- 1 4 E o,
iwch+ o1 0 (6)
and
. BEO .
ikce ’a’E‘*‘”kCoE €))
where
1 dC
1/L=E——~°-. N
‘ o 9y
Solving (6) and (7) for w yields
w2=_La_E<l
BL ot

Y = -%—~°- 9)

We see that the cloud is unstable on its leading edge for deceleration. If
bVo/Bt is large enough and L small enough very large growth rates are

possible.

Deceleration of Ion Clouds

For many high velocity ion clouds the deceleration will occur via
line-tying forces in the ionosphere. In this case we can easily estimate
the rate of deceleration. The cloud causes polarization currents which are

closed in the ionosphere via a Pederson current. That is,

b
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OE
CS?=-ZP E. (10)
Equation (10) has solution
E = Eo exp -~ (Zp/C)t (11)

The velocity has the same solution as equation (11), therefore we may write

the deceleration as

v z
x=-Y ER exp - (EP/C)C 12)

where Vo is the initial cloud velocity, Ep is the ionospheric Pederson con-
ductance, and C is the capacitance of the plasma cloud. Choosing C =5
farads, £ = 5 mhos, reasonable values for a moderate size barium cloud and

a twilight ionosphere, gives for the deceleration

%% =-1.0 Vo exp(-t). (13)

If now Vo ~ 10 km sec”! and L ~ 1 km we find y ® 2.5 sec” ! at a time of 0.5
seconds. Earlier, of course, the growth rate would be larger. F~r L ~ 100
meters, y ~ 8 sec”l; and for L ~ 10 meters, y = 25 sec”l. This computation
shows that the growth of the instability and cloud striation would be con-

siderable in a few seconds. Another more complicated analysis of the cloud

deceleration by Alfven waves® also leads to similarly large growth rates.

Conclusions

In the preceding paragraphs, we have shown that cold, collisionless,
high velocity ion clouds are unstable to the "Rayleigh-Taylor" instability
in the ionosphere and magnetosphere. We have also demonstrated for one

example that the instability growth time can be much less than 10 seconds.
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The instability we have described is another member of a large class
of "interchange instabilities" which includes the well-known "gradient
drift” and "gravitational Rayleigh~Taylor" instabilities.’ In view of this
instability's rapid growth and its close relationship to other well-known
ion cloud structuring instabilities, it would appear to be a most likely
candidate for generating the rapid structuring which has been observed in
collisionless, high velocity ion cloud experiments.

This instability would also be pertinent to rapid structure growth in

the coupling shell of nuclear detonatioms.




References

1. W. A. Brence, R. E. Carr, J. C. Gerlach, and Hans Neuss, "NASA/Max

~~—

Planck Institute Barium Ion Cloud Project," J. Geophys. Res., 18,

5726 (1973).

2. S. B. Mende, "Morphology of the Magnetospheric Barium Release," J.

Geophys. Res., 78, 5751 (1973).

3. M. B. Pongratz, G. M. Smith, R. C. Carlos, H. G. Horak, D. J. Simone,
and C. F. Lebeda, "High Spatial Resolution Field-Aligned Observations
of Gradient-Drift Formation in Barium Clouds," Trans. AGU/EOS, 59,

1161 (1978).

4. J. P. Heppner, M. L. Miiler, L. L. Smith, S. B. Mende, G. E. Barasch,
M. B. Pongratz, and G. M. Smith, "CAMEO Chemical Releases: Initial

Results," Trans. AGU/EOS, 60, 350 (1979).
5. E. M. Wescott, Private communication (1980).

6. M. Scholer, "On the Motion of Artificial Ion Clouds in the

Magnetosphere," Planet. Space Sci., 18, 977 (1970).

7. S. L. Ossakow, "Ionospheric Irregularities," Rev. Geophys. Space

Phys., 17, 521 (1979), and references therein.




r

T e—p Ty g ey

DISTRIBUTION LIST

DEPARTMENT OF DEFENSE

ASSISTANT SECRETARY OF OEFENSE
comM, CMD, CONT §& INTELL
WASHINGTON, D.C. 20301
0ICY ATTN J. BABCOCK
01CY ATTN M. EPSTEIN

ASSISTANT TO THE SECRETARY OF DEFENSE
ATOMIC ENERGY
WASHINGTON, D.C. 20301

01CY ATTN EXECUTIVE ASSISTANT

DIRECTOR
COMMAND CONTROL TECHNICAL CENTER
PENTAGON RM BE 685
WASHINGTON, D.C. 20301
01CY ATTN C-650
01CY ATTN C-312 R, MASON

DIRECTOR

DEFENSE ADVANCED RSCH PROJ AGENCY

ARCHITECT BUILDING

1400 WILSON BLWD.

ARLINGTON, VA, 22209
01CY ATTN NUCLEAR MONITORING RESEARCH
0ICY ATTYN STRATEGIC TECH OFFICE

DEFENSE COMMUNICATION ENGINEER CENTER
1860 WIEMLE AVENUE
RESTON, VA. 22090
01CY ATTN CODE R820
OICY ATTN CODE R410 JAMES W. MCLEAN
QICY ATTN CODE R720 J. WORTHINGTON

DIRECTOR
OEFENSE COMMUNICATIONS AGENCY
WASHINGTON, D.C. 20305
(ADR CNWD[: ATTN CODE 240 FOR)
01CY ATTN CODE 1018

Defense Technical Information Center
CAMERON STATION
ALEXANDRIA, VA, 22314
(12 COPIES IF OPEN PUBLICATION, OTHERWISE 2 COPIES)
12CY ATIN TC

DIRECTOR
DEFENSE [INTELLIGENCE AGENCY
WASHINGTON, O.C. 20301
01CY ATTN DT-1B
01CY ATTN DB-4C E. O'FARRELL
0I1CY ATIN DIAAP A, WISE
01CY ATTN DIAST-%
01CY ATTN DT-18Z R, MORTON
Gl1CY ATTIN HQ-TR J. STEWART
0l1CY ATTN w. WITTIG OC-7D

OIRECTOR

DEFENSE NUCLEAR AGENCY

WASHINGTON, D.C. 20305
Slcy
QuCy
oicy
03Cy

ATTN 3TVL
aTTN TITL
ATTN DOST
ATTN RAAE

COMMANDER

FIELD COMMAND

DEFENSE NUCLEAR AGENCY

KIRTLAND AFB, NM B7115
01CY ATTN FCPR

DIRECTOR
INTERSERVICE NUCLEAR WEAPONS SCHOOL
KIRTLAND AFB, NM 87115

01CY ATTN DOCUMENT CONTROL

JOINT CHIEFS OF STAFF
WASHINGTON, D.C. 20301
01CY ATTN U-3 WWMCCS EVALUATION OFFICE

OIRECTOR
JOINT STRAT TGT PLANNING STAFF
OFFUTT AFB
OMAHA, NB 68113
01CY ATTN ULTw~2
01CY ATTN JPST G. GOETZ

CHIEF
LIVERMORE DIVISION FLD COMMAND DNA
DEPARTMENT OF DEFENSE
LAWRENCE LIVERMORE LABORATORY
P. 0. BOX 808
LIVERMORE, CA 54550
01CY ATTN FCPRL

DIRECTOR
NATIONAL SECURITY AGENCY
DEPARTMENT OF DEFENSE
FT. GEORGE G. MEADE, MO 20755
01CY ATTN JOHN SKILLMAN R52
01CY ATTN FRANK LEONARD
01CY ATIN wl% PAT CLARK
01CY ATTN OLIVER H. BARTLETT w32
01CY ATTN RS

COMMANDANT
NATO SCHOOL (SHAPE)
APO NEW YORK 09172
01CY ATTN U.S. DOCUMENTS OFFICER

UNDER SECY OF DEF FOR RSCH §& ENGRG
DEPARTMENT OF DEFENSE
WASHINGTON, D.C. 20301
01CY ATTN STRATEGIC & SPACE SYSTEMS (0S)

WWMCCS SYSTEM ENGINEERING ORG
WASHINGTON, D.C. 2305
0ICY ATTN R. CRAWFORD

COMMANDER /D1RECTOR

ATMOSPHERIC SCIENCES LABORATORY

U.S. ARMY ELECTRONICS COMMAND

WHITE SANDS MISSILE RANGE, NM 88002
01CY ATTN DELAS-EQ F. NILES

DIRECTOR

8MD ADVANCED TECH CTR

HUNTSVILLE OFFICE

P. 0. 80X 1500

HUNTSVILLE, AL 35807
01CY ATTN ATC-T
01CY ATTN ATC-O
01CY ATTN ATC-R

MELVIN T. 'CAPPS
w. DAVIES
OON RUSS




PROGRAM MANAGER
BMD PROGRAM OFFI(E
S001 ElScA=OmitR AVENUE
ALEXANDRIA, VA 2,333
01CY ATTN DACS-BMT J. SHEA

CHIEF C-£ SERVICES DIVISION
U.S. ARMY COMMUNICATIONS CMD
PENTAGON RM 12265
WASHINGTON, D.C. 20310
01CY ATTN C-E-SERVICES DIVISION

COMMANDE R

FRADCOM TECHNICAL SUPPORT ACTIVITY

OEPARTMENT OF THE ARMY

FORT MONMOUTH, N.J. 07703
01CY ATTN DRSEL-NL-RD H. BENNET
01CY ATTN DRSEL-PL-ENV H. BOMKE
0ICY ATTIN J. E. QUIGLEY

COMMANDER
HARRY DIAMOND LABORATORIES
DEPARTMENT OF THE ARMY
2800 POWDER MILL ROAD
ADELPHI, MD 20783
(CNWDI-INNER ENVELOPE: ATTN: DELHD-RBH)
01CY ATTN DELHD-TI M. WEINER
01CY ATIN DELHD-RB  R. WILLIAMS
01CY ATTN DELHD-NP  F. WIMENITZ
01CY ATTN DELHMD-NP  C. MOAZED

COMMANDER
U.5. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

01CY ATTN CCC-EMEO GEORGE LANE

COMMANDE R
U.S. ARMY FORE{GN SCIENCE & TECH CTR
220 7T STREET, NE
CHARLAT™ESVILLE, vA 22901

JICY  ATTN DRXST-SD

01CY ATTN R. JONES

COMMANDER
U.S. ARMY MATERIEL DEV § READINESS CMD
5001 E15ENHOWER AVENUE
ALEXANDR{A, VA 22333
J1CY  ATTN DRCLDC  J. A. BENDER

COMMANDE =
U.S. ARMY NUC. 4R AND CHEMICAL AGENCY
7500 BACKLICK RQAD
3L0G 2077
SPRINGFIELD, VA 12'50
31CY  ATTN LIBRARY

DIRECTIR

U.S. ARMY AL [STIC RESEARCH LABS

ABERDEEN PCr/ING SROUND, MD 21005
J1CY  ATTN TECH LIB  EDWARD BAICY

COMMANDE R
U.S. ARMY SATIOM AGENCY
ET. MwMOLT~, N 37703
JiCT  ATIN DOCUMENT CONTROL

COMMANOE 9
J.5. ARMY MI3SILE INTELLIGENCE AGENCY
REDSTONE ARCENAL, AL 35809

J1CY  ATTN JiM GAMBLE

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

01CY ATTN ATAA-SA

01CY ATTN TCC/F. PAYAN uR.

0ICY ATTN ATAA-TAC LTC J. HESSE

e

COMMANDER 3
NAVAL ELECTRONIC SYSTEMS COMMAND
WASHINGTON, D.C. 20360

01CY ATTN NAVALEX 034 T. HUGHES

01CY ATTN PME 117

01CY ATTN PME 117-T

01CY ATTN CODE 5011

COMMANDING OFFICER

NAVAL INTELLIGENCE SUPPORT CTR

4301 SUITLAND ROAD, BLDG. S

WASHINGTON, D.C. 20390 :
01CY ATTN MR. DUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE S404 J. GALET 1

COMMANDER
NAVAL QCEAN SYSTEMS CENTER
SAN DIEGO, CA 92152

03CY ATTN CODE 532 wW. MOLER ]
01CY ATTN CODE 0233 C. BAGGETT 1
01CY ATTN CODE 81 R. EASTMAN

DIRECTOR

NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375
01CY ATTN CODE 4700 TiMOTHY P. COFFEY (25 CYS
IF UNCLASS, 1 CY [F CLASS)
01CY ATTN CODE 4701 JACK D. BROWN
01CY ATTN CODE 4780 BRANCH HEAD (150 CYS
IF UNCLASS, 1 CY IF CLASS)

Q1CY  ATTN CODE 7500 HQ COMM DIR BRUCE WALD
01CY ATTN CODE 7550 J. DAVIS
C1CY ATTN CODE 7580

01CYy ATTN CODE 7551

01CY ATTN CODE 7555

01CY ATTN CODE 4730 E. MCLEAN
01CY ATTN CODE 4127 C. JOHNSON

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

01CY ATTN CAPT R, PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22448

01CY ATTN CAPT J. H. BURTON

OFF ICER~-[N-CHARGE

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MD 20910
01CY ATTN CODE F31

OIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, O.C. 20376
01CY ATTN NSP-2141
0ICY ATTN NSSP-2722 FRED wIMBERLY

NAVAL SPACE SYSTEM ACT.viITY

P. 0. BOX 92960

WORLOWAY POSTAL CENTER

LOS ANGELES, CALIF. 40009
01CY ATTN A, B8, ~MA22ARD




COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAMLGREN LABORATORY
DAHLGREN, VA 22448
01CY ATTN CODE DF-l4% R. BUTLER

COMMANDING OFF ICER

NAVY SPACE SYSTEMS ACTIVITY

P.O. BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA. 90009
0l1CY ATTN CODE 52

OFFICE OF NAVAL RESEARCH

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

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

01CY ATTN DC  MR. LONG

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

01CY ATTN XPDQQ

01CY ATTN XxP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY ATTN OPR HAROLD GARDNER
G1CY ATTN OPR-1 JAMES C. ULWICK
01CY ATTN LKB KENNETH S. W. CHAMPION
01CY ATTN OPR ALVA T. STAIR
01CY ATTN PHP JULES AARONS
DICY ATTN PHD JURGEN BUCHAU
01CY ATTN PHD JOHMN P. MULLEN

AF WEAPONS LABORATORY

KIRTLAND AFB, NM 87117
01CY ATTN SUL
01CY ATTN CA ARTHUR H. GUENTHER
0ICY ATTN DYC CAPT J, BARRY
01CY ATTN DYC JOHN M. KAMM
01CY ATTN DYT CAPT MARK A. FRY
01CY ATTN DES MAJ GARY GANONG
0l1CY ATTN DYC  J. JANNI

AFTAC

PATRICK AFB, FL 32925
01CY ATTN TF/MAJ WILEY
01CY ATTN TN

AIR FORCE AVIONICS LABORATORY

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

DEPUTY CHIEF OF STAFF

RESEARCH, DEVELOPMENT, § ACQ

DEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C. 20330
01CY ATTN AFRDG

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/XR
DEPARTMENT OF THE AIR FORCE
MANSCOM AFB, MA 01731

01CY ATTN XR J. DEAS

MEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATIN YSEA

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATTN DCKC MAJ J.C. CLARK

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN NICD LIBRARY
01CY ATTN ETOP B. BALLARD

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 1344]
01CY ATTN DOC LIBRARY/TSLD
01CY ATTN OCSE V. COYNE

SAMS0Q/S2

POST OFFICE BOX 92960

WOR_DWAY POSTAL CENTER

LOS ANGELES, CA 90009

(SPACE DEFENSE SYSTEMS)
01CY ATTN SZJ

STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, N8 68113
01CY ATTN XPFS MAJ B. STEPHAN
01CY ATTN ADWATE MAJ BRUCE BAUER
01CY ATTN NRT
01CY ATTN DOK CHIEF SCIENTIST

SAMSO/YA
P, 0. 80X 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN YAT CAPT L. BLACKWELDER

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

SAMSO/MN
NORTON AFB, CA 92409
(MINUTEMAN)

01CY ATTN MNNL LTC KENNEDY

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

0ICY ATTN EEP A. LORENTZEN

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERAT [ONS OFF[CE
P. 0. BOX 5400
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR D. SHERWOOD

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




i
{

€GEG, INC.
L0S ALAMOS DIvISION
P, 0. BOX 8u)
LOS ALAMOS, NM o 85544
DICY ATIN 2OC CON FOR J. BREEDLOVE

UNLVERSITY OF CALIFORNIA

LAWRENCE | VERMORE _ABORATCRY

P. 0. BOX 808

LIVERMORE, CA 734550
01CY ATI. DOC CON FOR TECH [NFO DEPT
0l1Cy ATTN DOC CON FOR L-389 R. OTT
01CY ATTN DOC CON FOR L-31 R, HAGER
01CY ATTN DOC CON FOR t-i4b F. SEWARD

LDS ALAMDS SCIENTIFIC LABORATORY

P. 0. BOX 1663

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

SANDIA LABORATORIES

P. 0. BOX 5800

ALLBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR J. MARTIN
01CY ATTN DOC CON FOR w. BROWN
01CY ATTN DOC CON FOR A. THORNBROUGH
01CY ATTN DOC CON MOR T. WRIGHT
01CY ATTN DOC CON FOR O, DAHLGREN
01CY ATTN DOC CON FOR 3141

01CY ATTN DOC CON FOR SPACE PROJECT DIV

SAND[A LABORATORIES

LIVERMORE LABORATORY

P. O. BOX 969

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR B. MURPHEY
01CY ATTN DOC CON FOR T. COOK

OFFICE OF MILITARY £PPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

01CY ATTN DOC CON FOR D. GALE

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN RD/SI, RM 5G48, HQ BLDG
WASRINGTON, 0.C. 20505

01CY ATTN OSI/PSID RM SF 19

DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS

WASHINGTON, D.C. 20234
CALL CORRES: ATTN SEC OFFICER FOR)
0lCY ATTN R, MOORE

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS § [NFO AOMIN
BOULDER, CO 80303
01CY ATTN A, JEAN (UNCLASS ONLY)
01CY ATTN W. UTLAUT
01CY ATTN D. CROMBIE
01CY ATTN L. BERRY

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

01CY ATTN R. GRUBB

01CY ATTN AERONOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AERQSPACE CORPORATION

P, Q. 80X 92957

LOS ANGELES, CA 90009
01CY ATTN . GARFUNKEL
01CY ATTN 7. SALMI
01CY ATTN V. JOSEPHSON
0l1CY ATTN 5. BOWER
01CY ATTN N. STOCKWELL
01CY ATTN D. OLSEN
0l1CY ATTN J. CARTER
01CY AYTN F, MORSE
01CY ATTN SMFA FOR Pww

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

01CY ATTN RADIO SCIENCES

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

G1CY ATTN J. WORKMAN

BOE NG COMPANY, THE

P. 0. 80x 3707

SEATTLE, WA 98124
01CY  ATTN G. KEISTER
0I1CY ATTN D. MURRAY
01CY ATIN G. HALL
01CY ATTN J. KENNEY

CALTFORNIA AT SAN DIEGO, UNIV OF
[PAPS, 8-019
LA JOLLA, CA 92093

01CY ATTN HENRY G. BOOKER

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

81CY ATTN ROMEO A. DELIBERIS

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

g1CY ATIN D. B. COX

01CY ATTN J. P. GILMORE

COMPUTER SCIENCES CORPORATION

6565 ARLINGTON BLVD

FALLS CHURCH, VA 22046
01CY ATTN H, BLANK
01CY ATTN JOHN SPOOR
0l1CY ATTN C. NAIL

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATIN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATTN D. T. FARLEY WR

i



abadhiatiear i

i
\

ELECTROSPACE SYSTEMS, INC.
80X 1359
RICHARDSON, TX 75080
01CY ATYN h. LOGSTON
01CY ATTN SECURITY (PAUL PHILLIPS)

ESL INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
0l1CY ATTIN C. w. PRETTIE

FORD AEROSPACE § COMMUNICATIONS CORP
3939 FABIAN WAY
PALO ALTO, CA 94303

01CY ATTN J. T. MATTINGLEY

GENERAL ELECTRIC COMPANY
SPACE DIVISION
YALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P. O. BOX 8555
PHILADELPHIA, PA 19101
01CY ATTN M. H. BORTNER SPACE SCI LAB

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

01CY ATTN F. REIBERT

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

01CY ATTN DASIAC

01CY ATTN DON CHANDLER

0I1CY ATTN TOM BARRETT

01CY ATTN TIM STEPMANS

G1CY ATTN WARREN S. KNAPP

01CY ATTN WILLIAM MCNAMARA

0l1CY ATTN B. GAMBILL

01CY ATTN MACK STANTON

GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES
COURT STREET
SYRACUSE, NY 13201
0ICY ATTN G. MILLMAN

GENERAL RESEARCH CORPORATION
SANTA BARBARA DIVISION
P. 0. BOX K770
SANTA BARBARA, CA 93111
01CY ATTN JOHN ISE UR
0ICY ATTN JOEL GARBARINO

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

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREEY
NEEDHAM, MA 02194
01CY ATTN MARSHAL CROSS
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ILLINOIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING
URBANA, IL 61803

0ICY ATYN K. YEH

ILLINOLIS, UNIVERSITY OF

107 COBLE HALL

801 S. WRIGHT STREET

URBANA, IL 60680
CALL CORRES ATTN SECURITY SUPERVISOR FOR)
01CY ATTN K. YEHW

INSTITUTE FOR DEFENSE ANALYSES

400 ARMY-NAVY DRIVE

ARLINGTON, VA 22202
0ICY ATTN J. M. AEIN
01CY ATTN ERNEST BAUER
01CY ATTN HANS WOLFMARD
01CY ATTN JOEL BENGSTON

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA (01730
0I1CY ATTN DONALD HANSEN

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

01CY ATTN TECHNICAL LIBRARY

JAYCOR
1401 CAMING OEL MAR
DEL MAR, CA 92014

JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOHNS HOPK INS ROAD

LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
01CY  ATTN JOMN DASSOULAS

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

01CY ATTN DEPT 60-12

01CY ATTN D. R. CHURCHILL

LOCKHEED MISSILES AND SPACE CO INC

3251 HANOVER STREET

PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT 52-10
01CY ATTN RICHARD G. JOHNSON DEPT 52-12
0ICY ATTN W, L. IMHOF DEPT 52-12

KAMAN SCIENCES CORP

P. 0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN T. MEAGHER

LINKABIT CORP

10453 ROSELLE

SAN DIEGO, CA 92121 \
01CY ATTN [RWIN JACOBS 2

M.I.T. LINCOLN LABORATORY
P. 0. 80x 73
LEXINGTON, MA (02173
01CY ATTN DAVID M. TOWLE

01CY ATTN L. LOUGHLIN

MARTIN MARIETTA CORP
ORLANDO DIVISION
P. 0. 80x 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

provses




MCDONNELL DOUGLAS CORPORAT[ON
5301 BOLSA AVENUE
HUNTINGTON 8EACH, CA 92647
01CY ATTN N, HARRIS
01CY ATTN J. MOULE
01CY AYTN GEORGE MROZ
QICY ATTIN w. OLSON
01CY ATTN R. wW. HALPRIN

OL1CY  ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION

735 STATE STREEY

SANTA BARBARA, CA 93101
0lCY ATIN P. FISCHER
0I1CY ATYN W. F, CREVIER
01CY ATTN STEVEN L. GUYSCME
01CY ATTIN D. SAPPENFIELD
QlCY ATTN R. BOGUSCH
QlCY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTN DAVE SOWLE
01CY ATTIN F. FAJEN
0ICY ATYN M. SCHEIBE
Q1CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, ThE

P. O. BOX 208

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

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN W. HALL
0ICY ATTN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA 90404

01CY ATTN E. C. FIELD WR

PENNSYLVANIA STATE UNIVERSITY
[ONOSPHERE RESEARCH LAS
318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802

(NO CLASSIFIED TO THIS ADDRESS)

01CY ATTN IONOSPHERIC RESEARCH LAB

PHOTOMETRICS, INC.
42 MARRETT ROAD
LEXINGTON, MA 02173
QLCY ATTN [RVING L. KOFSKY

PHYSICAL DYNAMICS INC.
P. 0. BOX 3027
BELLEVUE, WA 98009
01CY ATTN E. J. FREMOUW

PHYSICAL DYNAMICS INC.
P. 0. 80X 1069
BERKELEY, CA 94701
01CY ATTN A, THOMPSON
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R & D ASSOC|ATES

P. 0. BOX 9695

MARINA DEL REY, CA 90291
O1CY ATTN FORREST GILMORE
0ICY ATTN BRYAN GABBARD
OICY ATTN WILLIAM B, WRIGHT UR
01CY ATTN ROBERT F. LELEVIER
01CY ATTN WILLIAM J. KARZAS
01CY ATTYN H. ORY
OICY ATTN C. MACDONALD
0ICY ATTN R. TURCO

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
01CY ATIN ED BEDROZIAN

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

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P. 0. BOX 2351

LA JOLLA, CA 92038
01CY ATTN LEWIS M. LINSON
QICY ATTN DANIEL A. HAMLIN
01CY ATTN O. SACHS
01CY ATTN E. A. STRAKER
OICY ATTN CURTIS A. SMITH
0ICY ATTN JACK MCOOUGALL

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

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

SCIENCE APPLICATIONS, INCORPORATED
8400 WESTPARK DRIVE
MCLEAN, VA 22101

01CY ATTN J. COCKAYNE

SCIENCE APPLICATIONS, INC.

80 MISSION DRIVE

PLEASANTON, CA G4566
01CY ATTN SZ

SRI INTERNAT IONAL

333 RAVENSWOOD AVENUE

MENLO PARK, CA 9u4025
0ICY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G, SMITH
01CY ATYN L, L. COBB
01CY ATTN DAVID A, JOMNSON
01CY ATTN wALTER G. CHESNUT
0ICY ATTN CHARLES L. RINO
91CY ATTN WALTER JAYE
01CY ATTN M, BARON
01CY ATTN RAY L. LEADABRAND
0l1CY ATIN G, CARPENTER
01CY ATTN G. PRICE
01CY ATTN u. PETERSON
01CY ATTN R, HAKE, uR,
01CY ATTN v, GONZALES
0ICY ATTN O. MCDANIEL




TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

0ICY ATIN wW. P, BOQUIST

TRW DEFENSE & SPACE SYS GROUP

ONE SPACE PARK

REDONDO BEACH, CA 90278
01CY AYTN R. K. PLEBUCH
01CY ATTN S. ALTSCHUWLER
0lCY ATTN D. DEE

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