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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,1 ,2 the Avefria barium jet, 3 the NASA-CAMEO experiment,4 and the

University of Alaska radial shaped charge. 5 It is the purpose of this note

to show that these clouds should be unstable to a Rayleigh-Taylor instabil-

it y 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,

"((P)t + V v(Py.) 0
at-i

and conservation of electric current,

V . J=. (2)

Define C -f  - dt the capacitance of the ion cloud integrated along the

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

2-t + V • (C v.) = 0. (3)

For a cold collisionless plasma the field line integrated momentum equation

yields

3 C 6E (4)

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

stituted into equation (2) results in
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V •C LE = .(5
at* (5)

We now take C C + C1 exp - i(wt-kx) and E E + Elexp-i(t-kx) whereo o

E = v x B and v is the initial cloud velocity. Linearizing (3) and (5)
-o -O - --

we obtain

!l C
-i W C, + - 0 , 0 (6)B L

and
oE

i k C1 - + wkC E1  (7)

where

dC
I/L = 0 (7)

1C dy
0

Solving (6) and (7) for w yields

1_
W2 = -1 6o

BL at

which gives the growth rate for the Rayleigh-Taylor instability

1IV

We see that the cloud is unstable on its leading edge for deceleration. If

av /6t 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,

1~ 2



C-E Z E. (10)
at p

Equation (10) has solution

E = E exp - (Z p/C)t (11)

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

the deceleration as

Z
--) V --kexp - (Zp/C)t (12)

at 0C p

where V is the initial cloud velocity, 1 is the ionospheric Pederson con-0 P

ductance, and C is the capacitance of the plasma cloud. Choosing C = 5

farads, L = 5 mhos, reasonable values for a moderate size barium cloud andP

a twilight ionosphere, gives for the deceleration

av
z-= - 1.0 V° exp(-t). (13)

If now V 1 i0 km sec -1 and L - 1 km we find y S 2.5 sec -1 at a time of 0.50

seconds. Earlier, of course, the growth rate would be larger. Fnr L - 00

meters, y - 8 sec-1 ; and for L 1 10 meters, y - 25 sec -1 . 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 A]fven waves6 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.

3



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. 7 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 detonations.

K4
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PHILADELPHIA, PA 19101 01CY ATTN DONALD HANSEN

OICY ATTN N. H. BORTNER SPACE SCI LAB
INTL TEL & TELEGRAPH CORPORATION

GENERAL. ELECTRIC COMPANY 500 WASHINGTON AVENUE
P. 0. BOx 1122 NUTLEY, N.J 07110
SYRACUSE, NY 13201 OICY ATTN TECHNICAL LIBRARY

OICY ATTN F. REIBERT
JAYCOR

GENERAL ELECTRIC CO'PANY 1401 CANINO DEL MAR
TEMPO-CENTER FOR ADVANCED STUDIES DEL MAR, CA 92014
816 STATE STREET (P.O. DRAWER QQ)
SANTA BARBARA, CA 93102

OICY ATTN DASIAC AOHNS HOPKINS UNIVERSITY

OICY ATTN DON CHANDLER APPLIED PHYSICS A TORY

01CY ATTN TOM BARRETT JOHNS HOPKINS ROAD
OCY ATTN TIM STEPHANS LAUREL, M0 20810
01.CY ATTN WARREN S. KNAPP OCY ATTN DOCUMENT LIBRARIAN
OICY ATTN WILLIAM MCNAMARA 0ICY ATTN THOMAS POTEMRA
0ICY ATTN B. GAMNBILL DICY ATTN JOHN DASSOULAS

01CY ATTN MACK STANTON LOCKHEED MISSILES I SPACE CO INC

GENERAL ELECTRIC TECH SERVICES CO., INC. P.O0. BOX 504
HMtES SUNNYVALE, CA 94088
COURT STREET 'ICY ATTN DEPT 60-12

SYRACUSE, NY 13201 01CY ATTN D. R. CHURCHILL

OCY ATTN G. MILLMAN LOCKHEED MISSILES 90 SPACE CO INC

3251 HANOVER STREET

GENERAL RESEARCH CORPORATION PALO ALTO, CA 94304
SANTA BARBARA DIVISION 01CY ATTN MARTIN WALT DEPT 52-10
P. 0. BOx 6770 01CY ATTN RICHARD G. JOHNSON DEPT 52-12

SANTA BARBARA, CA 93111 01CY ATTN W. L. IMI-0F DEPT 52-12
OICY ATTN JOHN ISE JR
OCY ATTN JOEL GARBARINO KAMAN SCIENCES CORP

P. 0. BOX 7463

GEOPHYSICAL INSTITUTE COLORADO SPRINGS, CO 80933

UNIVERSITY OF ALASKA O0CY ATTN T. MEAGHER

FAIRBANKS, AK 99701
(ALL CLASS ATTN: SECURITY OFFICER) LINKABIT CORP

OICY ATTN T. N. DAVIS (UNCL ONLY) 10453 ROSELLE

01CY ATTN NEAL BROWN (UNCL ONLY) SAN DIEGO, CA 92121
OlCY ATTN TECHNICAL LIBRARY OCY ATTN IRWIN JACOBS

GTE SYLVANIA, INC. M.I.T. LINCOLN LABORATORY

ELECTRONICS SYSTEMS GRP-EASTERN DIV P. 0. BOX 73

77 A STREET LEXINGTON, MA 02173
NEEDHAN, MA 02194 OICY ATTN DAVID M. TOWLE

OICY ATTN MARSHAL CROSS
01CY ATTN L. LOUGHLIN

MARTIN MARIETTA CORP
ORLANDO DIVISION
P. 0. BOX 5837
ORLANDO, FL 32805

0ICY ATTN R. HEFFNER
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MCDONNELL DOUGLAS CORPORATION R 6 D ASSOCIATES
5301 BOLSA AVIENUE P. 0. BOX 9695
HUNTINGTON BEACH, CA 92647 MARINA DEL REY, CA 90291

OICY ATTN N. HARRIS OICY ATTN FORREST GILMORE
OICY ATTN J. MOULE 01CY ATTN BRYAN GABBARD

OICY ATTN GEORGE MROZ 01CY ATTN WILLIAM B. WRIGHT JR
0ICY ATTN W. OLSON 01CY ATTN ROBERT F. LELEVIER
0 CY ATTN R. W. HALPR!N OCY ATTN WILLIAM J. KARZAS
GICY ATTN TECHNICAL LIBRARY SERVICES OCY ATTN H. DRY

OICY ATTN C. MACDONALD
01CY ATTN R. TURCO

MISSION RESEARCH CORPORATION
735 STATE STREET

SANTA BARBARA, CA 93101 RAND CORPORATION, THE

0UCY ATTN P. FISCHER 1700 MAIN STREET

OICY ATTN w. F. CREVIER SANTA MONICA, CA 90406
0ICY ATTN STEVEN L. GUTSCHE OICY ATTN CULLEN CRAIN

01CY ATTN D. SAPPENIFELO OICY ATTN ED BEDROZIAN
0ICY ATTN R. BOGUSCH
GICY ATTN R. HENDRICK RIVERSIDE RESEARCH INSTITUTE

01CY ATTN RALPH KILB 80 WEST END AVENUE
01CY ATTN DAVE SOWLE NEW YORK, NY 10023
ICY ATTN F. FAJEN OICY ATrN VINCE TRAPANI

01CY ATTN M. SCHEIBE
lUCY ATTN CONRAD L. LONGMIRE SCIENCE APPLICATIONS, INC.
OICY ATTN WARREN A. SCHLuETER P. 0. BOX 2351

LA JOLLA, CA 92038

MITRE CORPORATION, THE OICY ATTN LEWIS H. LINSON
P. 0. BOx 208 0CY ATTN DANIEL A. HAM IN
BEDFORD, MA 01730 OCY ATTN D. SACHS

01CY ATTN JOHN MORGANSTERN 0ICY ATTN E. A. STRAKER

01CY ATTN G. HARDING 01CY ATTN CURTIS A. SMITH

OICY ATTN C. E. CALLAHAN 0ICY ATTN JACK MCDOUGALL

MITRE CORP RAYTHEON CO.
WESTGATE RESEARCH PARK 528 BOSTON POST ROAD
1820 DOLLY MADISON BLVD SUOBURY, MA 01776
MCLEAN, VA 22101 OICY ATTN BARBARA ADAMS

OCY ATTN W. HALL
0lCY ATTN W. FOSTER SCIENCE APPLICATIONS, INC.

HUNTSVIL,_ DIVISION

PACIFIC-SIERRA RESEARCH CORP 2109 W. CLINTON AVENUE

1456 CLOVERFIELD BLVD. SUITE 700
SANTA MONICA, CA 90404 HUNTSVILLE, AL 35805

01CY ATTN E. C. FIELD JR OCY ATTN DALE H. DIVIS

PENNSYLVANIA STATE UNIVERSITY SCIENCE APPLICATIONS, INCORPORATED
IONOSPHERE RESEARCH LAB 8400 WESTPARK DRIVE
318 ELECTRICAL ENGINEERING EAST MCLEAN, VA 22101

UNIVERSITY PARK, PA 16802 OCY ATTN J. COCKAYNE

(NO CLASSIFIED TO THIS ADDRESS)
OCY ATTN IONOSPHERIC RESEARCH LA8 SCIENCE APPLICATIONS, INC.

80 MISSION DRIVE
PHOTOMETRICS, INC. PLEASANTON, CA 54566
442 MARRETT ROAD 0ICY ATTN SZ

LEXINGTON, MA 02173
O1CY ATTN IRVING L. KOFSKY SRI INTERNATIONAL

PHYSICAL DYNAM4ICS INC. 333 RAVENSWOOD AVENUE
PHYSICAL DYN C IMENLO PAR, CA 94025

BELLEVUE, WA 98009 0ICY ATTN DONALD NEILSON
0ICY ATTN E. J. FREMA4W OICY ATTN G. SMITH

0ICY ATTN L. L. COB

PHYSICAL DYNAMICS INC. OICY ATTN L. L. JSCOBB
P. 0. BOX 1069 OICY ATTN DAVID A. HJONSON
BERKELEY, CA 94701 OCY ATTN WALTER G. CNESDUTOICY ATTN A. THOMPSON 0ICY ATTN WALTER JAYE

OCY ATTN H. BARON
OICY ATTN RAY L. LEADABRAND
GICY ATTN G. CARPENTER
OICY ATTN G. PRICE
OICY ATTN J. PETERSON
01CY ATTN R. HAKE, JR.
OICY ATTN V. GONZALES
01CY ATTN D. MCDANIEL
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TECH4NOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

OICY ATTN W. P. BoQUIST

TRW DEFENSE & SPACE SYS GROUP
ONE SPACE PARK
REDONDO BEACH, CA 90278

0ICY ATTN R. K. PL..ESUCH
OCY ATTN S. ALTSOtLER
OICY ATTN D. DEE

VISIDYNE, INC.
19 THIRD AVENUE
NORTH WEST INDUSTRIAL PARK

BURLINGTON, MA 01803
OICY ATTN CHARLES HUMt'EY

OlCY ATTN J. W. CARPENTER
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