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HIGH ALTITUDE LIMIT OF THE GRADIENT DRIFT INSTABILITY

I. INTRODUCTION

The E x B gradient drift instability (Simon 1963) has been

used to explain striation formation in plasma clouds (Linson and

Workman, 1970; Volk and Haerendel. 1971) released in the ionosphere

at altitudes 4 250 km. Nonlinear computer simulation studies of

this instability (Scannapieco et al.. 1976; Doles et al., 1976)

have done well in reproducing the evolution of plasma cloud stria-

tions at late times (comparison of numerical simulation plots with

photographs of striated barium clouds show many simularities).

In investigation of the E x B instability in the previously

referenced works, ion inertia has been neglected, i.e., in the ion

momentum equation 6/bt + Vi  V v Vin, where vin is the ion-neutral

collision frequency. This approximation, valid for barium cloud

releases in the 200 km altitude range, allows for the simple

algebraic solution of the ion velocity as a function of the electric

and magnetic fields. In the simplest one level, two dimensional

electrostatic plasma cloud model one then has two equations. One is

a continuity equation for the electron density and the other is a

potential equation resulting from the divergence of the current

equalling zero. Linearizing these equations, in a slab geometry,

yields for the growth rate, at F region altitudes, y = cE /BL where
0

c is the speed of light, L is the plasma density gradient scale

length in the cloud, and E and B are the ambient electric and
0

magnetic fields, respectively. This growth rate is deceptive for it

apparently has no vin dependence and therefore seems altitude

independent. Closer inspection of the equations shows that for

vin - 0, Y - 0. Indeed, the E x B gradient drift instability is

dependent upon having a current perpendicular to the plasma cloud

density gradient and both in turn are perpendicular to the ambient

magnetic field. In the case of F region plasma clouds the current

is provided by the Pedersen drift of the ions, which is - vin/0 (
is the ion gyrofrequency) for vin/0 <<.

Note: Manuscript submitted November 14, 1977.



At very high altitudes this ion Pederson drift becomes

exceedingly small. Consequently, one might think that the gradient

drift instability is inoperative. Contrary to this thought, barium

clouds released at altitudes - 450 km exhibit striation formation

(Pongratz and Jeffries, 1977; also M. Pongratz, private communica-

tion, 1977) just about as fast as those released in the 200 km

altitude regime. The basic question is: how is this possible within

the context of the gradient drift instability regime? The answer to

this question resides in keeping ion inertia terms (at high altitudes

these terms are not small compared with vin) .

Linson and Workman (1970) mentioned the effects of ion inertia

very briefly. They noted that keeping these terms resulted in a

complicated cubic dispersion relation and at altitudes - 200 km did

not change the usual growth rate results. However, in the present

note, we show that at high altitudes Y (QE Vin/BL)i, valid for

cE /BL >> vin" Because vin enters as the squate ioot, a factor of

10-100 decrease in Vin still produces reasonable growth rates com-

pared with the usual cE /BL growth rate. In section II, we give0

the theory and section III contains a discussion and summary.

II. THEORY

The basic set of equations we use for ions and electrons are as

follows:
bn

e+ (n V 0
bt e-e

b-ii + V.(n ) (2)

- Cv B (3)
-e B

M(L- +Vi'_ = e(- x B vcp) - inVi (4)
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where subscripts e and i refer to electrons and ions; n the

density; V velocity; B the magnetic field; the electric field

E = -V T; e the electronic charge; M the ion mass; and in the

ion-neutral collision frequency. In this study the temperature is

being set equal to zero. Taking ne = n= n, equations (I) and (2)

yield the divergence of the current being zero

V "[n(V - 0i)> 0 (5)

We will choose a simple slab geometry such that B = Bz

(B is constant), the ambient (zero order) electric field E = E x,
-O O

and the plasma cloud density profile is no = n (y). To determine
0

the instability condition, we linearize the above set of equations

such that

, = Vo +  ie i(kx-wt)
-i -io -

n = no(Y) + ei(k x wt) (6)

I el( k x 'w t )

=P p(x) + cp ei~X~t

This yields the following determinant set of equations

(-iwk + v i+ ikViox + o
in io -iwj+Vin) Vix +  ikM 7

0 (iW+V.i ) 6y VixB y CPViknO 8inn c

B 9-iw n - C (9)

where 0 = eM/Bc is the ion gyrofrequency.
Equations (7), (8), and (9) essentially come from the ion momentum

(eqn. (4)), the divergence of the current (eqn. (5)) and the electron

continuity (eqn. (1)) equations, using equation (3). The subscript x

refers to the x component, with V iy having been eliminated using the

y component of the vector equation (4).



The usual striation growth rate limit is obtained by setting

-iw + ikViox equal to zero inside the parenthesis in eqn. (7) and

setting denominators of the form (-iw + vin) equal to Vin in

eqns. (7) and (8). These steps are equivalent to neglecting ion

inertia in the ion momentum equation. Furthermore, one takes the

F region limit vin/Q<<l and then we have from eqns. (7), (8), and

(9) n
G) 1 o

Y .ox "in no by

where w = wr + iY. Taking Viox, the Pedersen ion drift to be

(cE /B) (vin/0) yields
bn

Y . _E  i 0

B o no by

the usual E x B gradient drift growth rate (showing that only one

side of a plasma cloud is linearly unstable). Setting Viox = 0 in

eqns. (7) and (8) yields no growth. If one takes the determinant

of the coefficients of eqns. (7) - (9) one obtains a cubic equation
for w.

However, if the following assumption is made

>> w, V1 • V, Vin (10)

then only the last term in the parenthesis multiplying Vix in

eqn. (7) survives. This results in a quadratic equation for w

which yields for the growth rate

Y Vin+ ( in 2 - 4Viox QL- by(

Taking io x = (cEo/B) (vin/Cl) and identifying -no(bno/by)'l with

L, the plasma cloud density gradient scale length eqn. (lla)

becomes
1 1 c EZ° in )

S= " 2in +2 ( in 2 + B L (lib)

Although Viox is vin/0 and therefore small, it is multiplied by a

factor 0 in eqn. (lla) and so becomes important (i.e., finite but

i4



small Pedersen currents are important). It should be noted that the

result of (eqn. lib) can be obtained from Ott's [1977] analysis of

the Rayleigh-Taylor instability in dealing with equatorial Spread F

by replacing g by vinEoc/B in his eqn. (9a).

Equation (llb) represents the growth rate for an F region cloud

where vin/C << 1 with the further assumptions given by (10). We can

further break eqn. (lib) into two regimes. We obtainc/ E

0 with 4 c B02 (12a)

BLTL' L"'in~ B L

c E i 4 c E

(-BL- , with vin < <  BL (12b)

Equation (12a) represents the usual E x B gradient drift instability

for plasma clouds in ionosphere (Linson and Workman, 1970) and

(12b) represents the high altitude limit.

III. DISCUSSION AND SUMMARY

In any case of interest the limits of validity are clearly

defined in eqns. (12a) and (12b). The two regimes depend on ambient

electric field conditions and the plasma cloud density gradient

scale length, L. For a plasma cloud released around 200 km alti-

tude with L -1km, E - 1 mV/m and B - 0.5 gauss 4cEo/BL ; .08

sec whereas vin - 4 sec clearly showing the regime of (12a).

Thus larger scale lengths certainly satisfy this criterion. In the

above setting Eo - 5 mV/m yields that 4 cEo/BL -.4 which is still a

factor of ten smaller than vin. At the higher altitudes of 450-

500 km vin - 10 and under this condition with the previous values

of Eo and L we would fall more into the regime described by (12b).

In eqn. (12b) vin enters only as the square root and at high

altitudes vin < 1; consequently, its smallness is felt less in the

growth rate. For example, vin = 10 still provides a growth rate,

7 0.l(cEo/BL)iTJe.,Vone-tenth the usual gradient drift growth

rate. This would still result in rapid striation formation as seen

by Pongratz and Jeffries £1977] with their parallel injection 450 km

altitude barium releases (in these releases striations are seen to

5



form on the same time scale as the 200 km altitude type releases).

In summary, we have investigated the gradient drift instability

for F region plasma clouds and find that there is a further delin-

eation of the instability depending on whether vin is greater than

or less than 4cEo/BL. In the former case, the growth rate is

cEo/BL, the usual E x B gradient drift instability; however, in

the latter case the growth rate is (cEo vin/BL)i and demonstrates

the influence of ion inertia effects (ion inertia plays the role

of collisions in this regime).
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NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN JOSEPH H. POPE
01CY ATTN RICHARD GRUBB
01CY ATTN C. L. RUFENACH

NASA
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD 20771

OlCY ATTN ATS-6 OFC P. CORRIGAN
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AEROSPACE CORPORATION
P. 0. BOX 92957
LOS ANGELES, CA 90009

01CY ATTN IRVING M. GARFUNKEL
01CY ATTN T. M. SALMI
01CY ATTN V. JOSEPHSON
01CY ATTN S. P. BOWER
01CY ATTN N. D. STOCKWELL
01CY ATTN P. P. OLSEN 120 RM 2224E
01CY ATTN F. E. BOND RM 5003
01CY ATTN J. E. CARTER 120 RM 2209
O1CY ATTN F. A. MORSE A6 RM 2407

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

01CY ATTN RADIO SCIENCES

BOEING COMPANY, THE
P. 0. BOX 3707
SEATTLE, WA 98124

01CY ATTN GLEN KEISTER
01CY ATTN D. MURRAY

CALIFORNIA AT SAN DIEGO, UNIV OF
3175 MIRAMAR ROAD

LA JOLLA, CA 92037
OlCY ATTN HENRY G. BOOKER

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

OLCY ATTN RbMEO A. DELIBERIS

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

01CY ATTN D. B. COX
01CY ATTN J. P. GILMORE MS 63
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COMPUTER SCIENCES CORPORATION
P. 0. BOX 530
6565 ARLINGTON BLVD
FALLS CHURCH, VA 22046

OCY ATTN H. BLANK
01CY ATTN JOHN SPOOR

COMSAT LABORATORIES
LINTHICUM ROAD
CLARKSBURG, MD 20734

01CY ATTN R. R. TAUR

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATTN D. T. FARLEY JR

ESL INC.
495 JAVA DRIVE
SUNNYVALE, CA 94086

OCY ATTN R. K. STEVENS
01CY ATTN J. ROBERTS
O1CY ATTN JAMES MARSHALL
01CY ATTN V. L. MOWER

F D:CY ATTN C. W. PRETTIE

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

01CY ATTN J T. MATTINGLEY MS X22

GENERAL ELECTRIC COMPANY
SPACE DIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING-OF PRUSSIA
P. 0. BOX 8555
PHILADELPHIA, PA 19101

01CY ATTN M. H. BORTNER SPACE SCI LAB

-12-
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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
01CY ATTN TOM BARRETT
01CY ATTN TIM STEPHENS
01CY ATTN WARREN S. KNAPP
OICY ATTN WILLIAM MCNAMERA
01CY ATTN B. GAMBILL
01CY ATTN MACK STANTON

GENERAL RESEARCH CORPORATION

P. 0. BOX 3587
SANTA BARBARA, CA 93105

01CY ATTN JOHN ISE JR
01CY ATTN JOEL GARBARINO

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701

(ALL CLASS ATTN: SECURITY OFFICER)

01CY ATTN T. N. DAVIS (UNCL ONLY)
0 1CY ATTN NEAL BROWN (UNCL ONLY)
01CY ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREET
NEEDHAM, MA 02194

01CY ATTN MARSHAL CROSS

INSTITUTE FOR DEFENSE ANALYSES
400 ARMY-NAVY DRIVE
ARLINGTON, VA 22202

01CY ATTN J. M. AEIN

01CY ATTN-ERNEST BAUER
OICY ATTN HANS WOLFHARD
01CY ATTN JOEL BENGSTEN

HARRIS CORP, E.S.D.
P. 0. BOX 37
MELBOURNE, FL 32901

01CY ATTN ADV PROG DEPT DR. CARL DAVIS

-13-
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HSS, INC.

2 ALFRED CIRCLE
BEDFORD, MA 01730

01CY ATTN DONALD HANSEN

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

O1CY ATTN TECHNICAL LIBRARY

JAYCOR
1401 CAMINO DEL MAR
DEL MAR, CA 92014

01CY ATTN S. R. GOLDMAN

JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAD
LAUREL, MD 20810

01CY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
01CY ATTN JOHN DASSOULAS

LOCKHEED MISSILES & SPACE CO INC

P. 0. BOX 504
SUNNYVALE, CA 94088

OCY 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

01CY ATTN BILLY M. MCCORMAC DEPT 52-54

KAMAN SCIENCES CORP
P. 0. Box 7463
COLORADO SPRINGS, CO 80933

OCY ATTN B. J. BITTNER

-14-
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LINKABIT CORP
10453 ROSELLE
SAN DIEGO, CA 92121

01CY ATTN IRWIN JACOBS

M.I.T. LINCOLN LABORATORY
P. 0. BOX 73
LEXINGTON, MA 02173

01CY ATTN LIB A-082 FOR DAVID M. TOWLE
01CY ATTN MR. WALDEN X113
01CY ATTN JAMES H. PANNELL L-246
01CY ATTN D. CLARK

MCDONNELL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647

01CY ATTN N. HARRIS
01CY ATTN J. MOULE
01CY ATTN GEORGE MROZ
01CY ATTN BILL OLSON

MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, CA 93101

01CY ATTN P. FISCHER
OCY ATTN W. F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D. SAPPENFIELD
01CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILS
OCY ATTN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE
P. 0. BOX 208
BEDFORD, MA 01730

01CY ATTN J. C. KEENAN
01CY ATTN G-. HARDING
OCY ATTN CHIEF SCIENTIST W. SEN
01CY ATTN S. A MORIN
01CY ATTN C. E. CALLAHAN

( -13-



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

01CY ATTN E. C. FIELD JR

PHOTOMETRICS, INC.
442 MARRETT ROAD
LEXINGTON, MA 02173

01CY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS INC.
P. 0. BOX 21589
SEATTLE, WA 98111

01CY ATTN E. J. FREMOUW

PHYSICAL DYNAMICS INC.
P. 0. BOX 1069
BERKELEY, CA 94701

01CY ATTN A. THOMPSON
01CY ATTN JOSEPH B. WORKMAN

R & D -ASSOCIATES
P. 0. BOX 9695
MARINA DEL REY, CA 90291

01CY ATTN RICHARD LATTER
01CY ATTN FORREST GILMORE
01CY ATTN BRYAN GABBARD
01CY ATTN WILLIAM B. WRIGHT JR
01CY ATTN ROBERT F. LELEVIER
01CY ATTN WILLIAM J. KARZAS

RAND CORPORATION, THE
1700 MAIN STREET
SANTA MONICA, CA 90406

01CY ATTN CULLEN CRAIN
01CY ATTN ED BEDROZIAN

.16-
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SCIENCE APPLICATIONS, INC.
P. 0. BOX 2351
LA JOLLA, CA 92038

01CY ATTN LIWIS M. LINSON
01CY ATTN DANIEL A. HAMLIN
01CY ATTN D. SACHS
OCY ATTN E. A. STRAKER
01CY ATTN CURTIS A. SMITH
O1CY ATTN JACK MCDOUGAL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

01CY ATTN BARBARA ADAMS

SCIENCE APPLICATIONS, INC.
HUNTSVILLE DIVISION
2109 W. CLINTON AVENUE
SUITE 700
HUNTSVILLE, AL 35805

01CY ATTN DALE H. DIVIS

SCIENCE APPLICATIONS, INCORPORATED
8400 WESTPARK DRIVE
MCLEAN, VA 22101

OlCY ATTN B. ADAMS
I9

STANFORD RESEARCH INSTITUTE
333 RAVENSWOOD AVENUE
MENLO PARK, CA 94025

01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
01CY ATTN L. L. COBB
O1CY ATTN DAVID A. JOHNSON
01CY ATTN WALTER G. CHESNUT
01CY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
01CY ATTN M. BARON
O1CY ATTN RAY L. LEADABRAND

SYSTEM DEVELOPMENT CORPORATION
4130 LINDEN AVENUE
DAYTON, OH 45432

01CY ATTN F. G. MEYER
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TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W. P. BOQUIST

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

01CY ATTN R. K. PLEBUCH R1-2078
O1CY. ATTN ROBERT M. WEBB R1-1150

VISIDYNE, INC.
19 THIRD AVENUE
NORTH WEST INDUSTRIAL PARK
BURLINGTON, MA 01803

01CY ATTN CHARLES HUMPHREY
01CY ATTN J. W. CARPENTER
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