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EFFECT OF AN ELECTRON BEAM ON THE CURRENT CONVECTIVE INSTABILITY

The current convective instability (CCI) has recently been cited as

playing a role in the generation of scintillation causing large scale size

plasma irregularities in the diffuse aurora [Ossakow and Chaturvedi, 1979;

Chaturvedi and Ossakow, 1979; Keskinen et al., 1980; Vickrey et al., 1980;

Chaturvedi and Ossakow, 1981; Keskinen and Ossakow, 1982; Rino and Vickrey,

19821. This instability is caused by a field-aligned current in the

presence of a transverse plasma density gradient in a collisional plasma

[Kadomtsev and Nedospasov, 1960]. In the diffuse auroral situation, it is

generally recognized that a significant part of the observed field-aligned

current is carried by the cold ionospheric electron component, drifting

relative to ions. It is this electron drift that causes a variety of

current driven plasma instabilities in the system, such as the current

convective instability. However, a precipitating flux of soft energetic

electrons are also present alongside the cold drifting electrons in the

medium. In our previous work (Ossakow and Chaturvedi, 1979) only the cold

electron drift component was considered. In this note, we have examined

the effects of an electron beam (in addition to the cold drifting electron

component) along the magnetic field on the current convective

instability. It is found that, though the presence of an electron beam

modifies the current convective instability growth rate, in the diffuse

auroral application, such effects are practically negligible.

We follow the approach outlined in Ossakow and Chaturvedi [1979] in

the linear stability analysis. The coordinate system has the magnetic

field aligned with the z-axis, as does the cold electron drift vo .  A

density gradient along the y-axis and an electron beam of density nb and

velocity vb2 are also present. In the following the beam and the cold

plasma quantities will be denoted by subscripts b and c respectively.

Further, the temperature effects for the cold plasma component are

neglected. Our basic equations are

3n
a+ V-(nv ) 0 (.)

c + Vin c evi B-E _ ---- Ei +-- E (2)
B- $5f B -IL my -o o u 0in
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c eS -E x z - E +-v z (3)ec B Z - m -z o-
0 e een

CT eb Teb nbv =-E x z + -znb E + z-eb B- - b X m n z- mv + 1b-o o me vebnneb - evebn -Z

(4)

V.J - 0, J = E n e v (5)

Most of the symbols have their standard meaning, a denotes the particle

species (i --ions, e -electrons), n is the density, v denotes theon

collision frequency of the species a with neutrals, Teb is the beam

electron temperature in energy units and subscripts i and z represent

perpendicular and parallel to the magnetic field respectively, etc. In

equations (2)-(4), inertial effects were neglected, Pedersen mobility

effects for electrons were also neglected in comparison to the ion Pedersen

drift. In the stability analysis, quantities are split into equilibrium

and perturbed components, f = fo + f with the perturbed quantities varying

as exp (ik'r-iwt). An assumption of quasi-neutrality is made, i.e.,

ni ff ne + ne

Sneb +n

Following Ossakow and Chaturvedi [1979], one writes for the perturbed

electron and ion densities,

my S k xz.V ln nocn e ecn B
ec oc (-iw + ik v ) (6)

z o

Acceson For
N T1 GRA&I e c
DTIC TAB z m + i -- kx i, eBln nbJ
Unannounced n- ~ _b T bkz (7)
Justification zeb bw (-i + ikzv +--vb
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and ek2  Vin c
[i In h i n z i

B -- -- oc mi V in B (8)0i=nc oi 0s
n *n *c [-iw + ikzv oIz ]

In the above, we have made the electrostatic assumption for the perturbed

electric fields, E = -V$. From the set (6)-(8), one readily obtains

k2  V V k xz.VIn n m v k2  v V
i + ecn ecn I oc +e ecn z +ecn in

e + ei e k mi Vin i. e i

n k v xz n

nb _ ( 0-k Vo) 2en Vbn knb

noc T ek [k7 + i k'
oc (w-kvb + i m ) ebn e (9)

me Vebn

wnere - [I + (Vecnme/vinmi)]. The right hand side of equation (9)

contains the effects of an electron beam on the mode driven unstable by the

current convective instability, which is described by the left hand side of

eq. (9) (i.e., setting nb/noc - 0 one regains the dispersion relation

obtained by Ossakow and Ghaturvedi, 1979).

As an illustrative example and a special case of interest, we assume

the electron beam to be cold (T 0) and uniform (VlIn nb = 0). One then
eb bc

obtains, from eq. (9),

v k xz.Viln n m v k2  V
-i ecn -I- I oc e ecn z ecnain

w -k v 0 e Iz L i in I eiA- kz o kI ( b  v V v n cn
+ b v ecn in ecn

noc b ebn ei (10)

so that (with w = R + iy)
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v k 1~n n
Vecn-1- oc

y kvz o e k . (10a)

k1  nb V v nen]ia

[Ij I + ba ecn) + inecn]
I. oc b ebn ie

In deriving equation (10), we further assumed that me vecn/mIVin << 1,

w << k7 v, kzVb. The latter assumption is reasonable, since we are

interested in the effects of the beam on the mode which grows due to an

absolute instability (without the above assumptions, (9) has two roots, one

given by (10) and the other yielding w - kz v b). In the absence of the beam

(nb - 0), this relation leads to the one obtained in Ossakow and Chaturvedi

[1979]. For a beam such that nb/noc c- 10- 2 and vb = 3.5 x 108cm s- 1

(corresponding to electron fluxes of energy 1 100 eV), one finds that the

beam induced contribution in the denominator of eq. (10) is down

by - 0(10 - 5) compared to the leading term (where we have

used v 0 1 km s- ). However, one notes that the beam contribution wouldo

decrease (enhance) the growth rate somewhat if the electron beam velocity

and the electron drift were parallel (anti-parallel).

Allowing for a non-uniform beam one gets

v kixz-VInn m v k 2  en ]

- ecn noc e ecn z ecn in

e i in AI ei(

I. i en nbv i v kxz *VIn n
z V I binV co cn bn -*[ -

k v -kL b
A e i oc bne1 n e kI

where a 1 + (nbV oVecn /n ocv bVbn).

One gets for the growth rate of the current convective instability

(w wR + i)

i k xz.Vln n kc2  vix m k2 v xi xecn-l nOC z inecn - 6  ez ecn + ecnin)]S, kz' k.+ Oeai mi k7 QI

k e I ~ ki IYi "% in e
y 0k kz Vinvc

z z( +in ecn2 + 62]2

el (Ila)

4



where 6 n v x Vln nb /(novek2)1 denotes the effects of beam
noeuifrmty vecn - - b enI

non-uniformity. We now see that the beam effects are more complex than

before on the growth rate of the CCI, and their contributions to reduce or

increase the growth rate would depend on, in addition to the relative sense

between beam velocity and the drift direction, the direction of the beam

density gradient. However, for diffuse aurora situations, a beam with

parameters, nb/noc - 10- 2, and vb - 3 x l08cm s- 1, these contributions re

down by a factor of - 0(10 - 5) for equal beam density and cold background

density gradients (where we have used v - I km s- ). Therefore, beam

effects appear to be much too small to have any practical implications on

the growth rate of the CCI.

In conclusion, we find that the soft precipitating fluxes of electrons

(1 100 eV) may have little effect on the large scale size (- 1 km) slow

processes like the current convective instability induced structures for

the diffuse auroral situation. However, in calculating growth rates or

stability thresholds from say (10a) with even nb = 0 one must notice that

it is v o (i.e., the cold current velocity) that enters the growth rate.

Since magnetometers infer total parallel (to B.) current from their

measurements (T. Potemra, private communication, 1981), one must be able to

separate (or assess) the warm parallel current contribution from (to) the

total current. Letting the total parallel current be proportional to vo

(J - nevo) can lead to an underestimate of vo when -o and -b are anti-

parallel.
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AEROSPACE CORPORATION BOX 1359
P.O. BOX 92957 RICHARDSON, TX 75080
LOS ANGELES, CA 90009 OCY ATTN H. LOGSTON

OICY ATTN I. GARFUNKEL OICY ATTN SECURITY (PAUL PHILLIPS)
OICY ATTN T. SALI
OICY ATTN V. JOSEPHSON ESL, INC.

OICY ATTN S. BOWER 495 JAVA DRIVE
OICY ATTN N. STOCKWELL SUNNYVALE, CA 94086
OICY ATTN D. OLSEN OICY ATTN J. ROBERTS

01CY ATTN JAMES MARSHALL

ANALYTICAL SYSTEMS ENGINEERING 
CORP

5 OLD CONCORD ROAD GENERAL ELECTRIC COMPANY
BURLINGTON, MA 01803 SPACE DIVISION

OICY ATTN RADIO SCIENCES VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA

BERKELEY RESEARCH ASSOCIATES, INC. P.O. BOX 8555
P.O. BOX 983 PHILADELPHIA, PA 19101
BERKELEY, CA 94701 OCY ATTN M.H. BORTNER SPACE SCI LAB
OICY ATTN J. WORI.'AN
OCY ATTN C. PRETTIE GENERAL ELECTRIC COMPANY

P.O. BOX 1122
BOEING COmPANY, THE SYRACUSE, NY 13201
?.0. BOX 3707 OICY ATTN F. REIBERT
SEATTLE, ;A 98124

O1C' ATTN G. KEISTER GENERAL ELECTRIC TECH SERVICES CO., INC.
OCY ATTN D. MURRAY IDES
OCY ATTN G. HALL COURT STREET
OICY ATTN J. KENNEY SYRACUSE, NY 13201

OICY ATTN G. MILLMAN
EROWN ENGINEERING COMPANY, INC.
CU O.INGS RESEARCH PARK GENERAL RESEARCH CORPORATION
HUNTSVILLE, AL 35807 SANTA BARBARA DIVISION

OICY ATTN ROMEO A. DELIBERIS P.O. BOX 6770
SANTA BARBARA, CA 93111

CALIFORNIA AT SAN DIEGO, UNIV OF OCY ATTN JOHN ISE, JR.
P.O. BOX 6049 OICY ATTN JOEL GARBARINO
SAN DIEGO, CA 92106
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OICY ATTN T. MEAGHER
GEOPHYSICAL INSTITUTE KAMAN TEMPO-CENTER FOR ADVANCED STUDIES
UNIVERSITY OF ALASKA 816 STATE STREET (P.O DRAWER QQ)

FAIRBANKS, AK 99701 SANTA BARBARA, CA 93102
(ALL CLASS ATTN: SECURITY OFFICER) OIC k ATTN DASIAC
OCY ATTN T.N. DAVIS (UNCLASS ONLY) OCY AIaN TIN STEPHANS
OCY ATTN TECHNICAL LIBRARY OICY ATTN WARREN S. KNAPP
OICY ATTN NEAL BROWN (UNCLASS ,ONLY) OICY ATTN WILLIAM MCNAMARA

01CY ATTN B. CAMBILL

GTE SYLVANIA, 
INC.

ELECTRONICS SYSTEMS GRP-EASTERN DIV LINKABIT CORP
77 A STREET 10453 ROSELLE
NEEDHAM, MA 02194 SAN DIEGO, CA 92121

01CY ATTN MARSHALL CROSS OCY ATTN IRWIN JACOBS

HSS, INC. LOCKHEED MISSILES & SPACE CO., INC
2 ALFRED CIRCLE P.O. BOX 504
BEDFORD, MA 01730 SUNNYVALE, CA 94088

01CY ATTN DONALD HANSEN OCY ATTN DEPT 60-12
OCY ATTN D.R. CHURCHILL

iLLINOIS, UNIVERSITY OF
107 COBLE HALL LOCKHEED MISSILES & SPACE CO., INC.
150 DAVENPORT HOUSE 3251 HANOVER STREET
CIAMPAIGN, IL 61820 PALO ALTO, CA 94304

(ALL CORRES ATTN DAN MCCLELLAND) OICY ATTN MARTIN WALT DEPT 52-12
OICY ATTN K. YEH OCY ATTN W.L. IMHOF DEPT 52-12

OICY ATTN RICHARD G. JOHNSON DEPT 52-12
INSTITUTE FOR DEFENSE ANALYSES OCY ATTN J.B. CLADIS DEPT 52-12
400 ARMY-NAVY DRIVE
ARLINGTON, VA 22202 LOCKHEED MISSILE & SPACE CO., INC.

01CY ATTN J.M. AEIN HUNTSVILLE RESEARCH & ENGR. CTR.
OICY ATTN ERNEST BAUER 4800 BRADFORD DRIVE
OICY ATTN HANS WOLFARD HUNTSVILLE, AL 35807
OICY ATTN JOEL BENGSTON ATTN DALE H. DIVIS

INTL TEL & TELEGRAPH CORPORATION MARTIN MARIETTA CORP
500 WASHINGTON AVENUE ORLANDO DIVISION
NUTLEY, NJ 07110 P.O. BOX 5837

OICY ATTN TECHNICAL LIBRARY ORLANDO, FL 32805
OCY ATTN R. HEFFNER

JAYCOR
11011 TORREYANA ROAD M.I.T. LINCOLN LABORATORY
P.O. BOX 85154 P.O. BOX 73
SAN DIEGO, CA 92138 LEXINGTON, MA 02173

OICY ATTN J.L. SPERLING CICY ATTN DAVID N. TOWLE
CICY ATTN P. WALDRON

JOHNS HOPKINS UNIVERSITY OCY ATTN L. LOUGHLIN
APPLIED PHYSICS LABORATORY 01CY ATTN D. CLARK
JOHNS HOPKINS ROAD
LAURAL, MD 20810 MCDONNEL DOUGLAS CORPORATION
OCY ATTN DOCUMENT LIBRARIAN 5301 BOLSA AVENUE
OCY ATTN THOMAS POTEMRA HUNTINGTON BEACH, CA 92647
-01CY ATTN JOHN DASSOULAS OICY ATTN N. HARRIS

01CY ATTN J. MOULE
KA.AN SCIENCES CORP 01CY ATTN GEORGE MROZ
P.O. BOX 7463 OICY ATTN W. OLSON
COLORADO SPRINGS, CO 80933 01CY ATTN R.W. HALPRIN
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01CY ATTN TECHNICAL LIBRARY SERVICES PHYSICAL DYNAMICS, INC.
MISSION RESEARCH CORPORATION P.O. BOX 10367
735 STATE STREET OAKLAND, CA 94610
SANTA BARBARA, CA 93101 ATTN A. THOMSON

01CY ATTN P. FISCHER
CY ATTN W.F. CREVIER R & D ASSOCIATES
OCY ATTN STEVEN L. GUTSCHE P.O. BOX 9695
0ICY ATTN D. SAPPENFIELD MARINA DEL REY, CA 90291
01CY ATTN R. BOGUSCH OICY ATTN FORREST GILMORE
01CY ATTN R. HENDRICK OCY ATTN BRYAN GABBARD
01CY ATTN RALPH KILB OCY ATTN WILLIAM B. WRIGHT, JR.
01CY ATTN DAVE SOWLE OICY ATTN ROBERT F. LELEVIER
01CY ATTN F. FAJEN OCY ATTN WILLIAM J. KARZAS
OICY ATTN M. SCHEIBE OICY ATTN H. ORY
OCY ATTN CONRAD L. LONGMIRE OICY ATTN C. MACDONALD
OICY ATTN WARREN A. SCHLUETER OICY ATTN R. TURCO

MITRE CORPORATION, THE RAND CORPORATION, THE
P.O. BOX 208 1700 MAIN STREET
BEDFORD, MA 01730 SANTA MONICA, CA 90406

0iCY ATTN JOIN MORGANSTERN OICY ATTN CULLEN CRAIN
OCY ATTN G. HARDING OCY ATTN ED BEDROZIAN
O1CY ATTN C.E. CALLAHAN

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

01CY ATTN W. HALL RIVERSIDE RESEARCH INSTITUTE
GICY ATTN W. FOSTER 80 WEST END AVENUE

NEW YORK, NY 10023
P.ACIFIC-SIERRA RESEARCH CORP OICY ATTN VINCE TRAPANI
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA 90404 SCIENCE APPLICATIONS, INC.
OCY ATTN E.C. FIELD, JR. P.O. BOX 2351

LA JOLLA, CA 92036
PENNSYLVANIA STATE UNIVERSITY OCY ATTN LEWIS M. LINSON
IONOSPHERE RESEARCH LAB OICY ATTN DANIEL A. HAMLIN
318 ELECTRICAL ENGINEERING EAST 01CY ATTN E. FRILX:N
UNIVERSITY PARK, PA 16802 OICY ATTN E.A. STRAKER

(NO CLASS TO THIS ADDRESS) OCY ATTN CURTIS A. SMITH
01CY ATTN IONOSPHERIC RESEARCH LAB OICY ATTN JACK MCDOUGALL

':E.iCS, INC. SCIENCE APPLICATIONS, INC
4-2 Y3P.T ROAD 1710 GOODRIDGE DR.
LEXINGTON, MA 02173 MCLEAN, VA 22102

O!CY ATTN IRVING L. KOFSKY ATTN: J. COCKAYNE

PHYSICAL DYNAMICS, INC.
P.O. BOX 3027

BELLEVUE, WA 98009
-O1CY ATTN E.J. FREMOUW
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SRI INTERNATIONAL
333 RAVENSWAOOD AVENUE
,ENLO PARK, CA 94025
01CY ATTN DONALD NEILSON

OICY ATTN ALAN BURNS
01CY ATTX G. SMITH

0ICY ATT', L.L. COB3
OICY ATTN DAVID A. JOHNSON

OCY ATTN WALTER G. CHESNUT
OICY ATTN CHARLES L. RINO
OCY ATTN WALTER JAYE

OICY ATTN M. BARON

OCY ATTN RAY L. LEADABRAND
O1CY ATTN G. CARPENTER
OCY ATTN G. PRICE
OICY ATTN J. PETERSON
0ICY ATTN R. HAKE, JR.
OICY ATTN V. GONZALES
OCY ATTN D. MCDANIEL

STEWART RADIANCE LABORATORY
UTA* STATE UNIVERSITY
1 DE ANGELO DRIVE
BEDFORD, MA 01730

OICY ATTN J. ULWICK

T-CHNOLOGY INTERNATIONAL CORP
7i WIGGINS AVENUE

BEDFORD, MA 01730
OICY ATTN W.P. BOQUIST

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

OICY ATTN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
OICY ATTN D. DEE

V 1 S I DYNE
SuLT- BE2FORT STREET

Z URLINGTON, MASS 01803
. :Y ATTN W. REIDY
CiCY ATTN J. CARPENTER
)1CY ATTN C. HUIPHREY
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IONOSPHERIC MODELING DISTRIBUTION LIST
(UNCLASSIFIED ONLY)

PLEASE DISTRIBUTE ONE COPY TO EACH OF THE FOLLOWING PEOPLE:

NAVAL RESEARCH LABORATORY NASA
WASHINGTON, D.C. 20375 GODDARD SPACE FLIGHT CENTER

DR. P. MANGE - CODE 4101 GREENBELT, MD 20771
DR. R. MEIER - CODE 4141 DR. S. CILANDRA
DR. E. SZUSZCZEWICZ - CODE 4187 DR. K. MAEDA
DR. J. GOODMAN - CODE 4180 DR. R.F. BENSON
Dr. R. RODRIGUEZ - CODE 4187 NATIONAL TECHNICAL INFORMATION CENTER

CAMERON STATION
A.F. GEOPHYSICS LABORATORY ALEXANDRIA, VA 22314
L.G. HANSCOM FIELD 12CY ATTN TC
BEDFORD, MA 01730

DR. T. ELKINS COMMANDER
DR. W. SWIDER NAVAL AIR SYSTEMS COMMAND
MRS. R. SAGALYN DEPARTMENT OF THE NAVY
DR. J.M. FORBES WASHINGTON, D.C. 20360
DR. T.J. KENESHEA DR. T. CZUBA
DR. J. AARONS
DR. H. CARLSON COMMANDER
DR. J. JASPERSE NAVAL OCEAN SYSTEMS CENTER

SAN DIEGO. CA 92152
CORNELL UNIVERSITY MR. R. ROSE - CODE 5321
ITHACA, NY 14850

DR. W.E. SWARTZ NOAA
DR. R. SUDAN DIRECTOR OF SPACE AND ENVIRONMENTAL
DR. D. FARLEY LABORATORY
DR. M. KELLEY BOULDER, CO 80302

DR. A. GLENN JEAN
HARVARD UNIVERSITY DR. G.W. ADAMS
HARVARD SQUARE DR. D.N. ANDERSON
CAMBRIDGE, MA 02138 DR. K. DAVIES

DR. M.B. McELROY DR. R. F. DONNELLY
DR. R. LINDZEN

OFFICE OF NAVAL RESEARCH
INSTITUTE FOR DEFENSE ANALYSIS 800 NORTH QUINCY STREET
400 ARMY/NAVY DRIVE ARLINGTON, VA 22217
ARLINGTON, VA 22202 DR. G. JOINER

DR. E. BAUER

PENNSYLVANIA STATE UNIVERSITYMASSACHUSETTS INSTITUTE OF TECHNOLOGY UNIVERSITY PARK, PA 16802

PLASMA FUSION CENTER DR. J.S. NISBET
LIBRARY, NW16-262 DR. P.R. ROHRBAUGH
CAMBRIDGE, MA 02139 DR. L.A. CARPENTER

DR. M. LEE
DR. R. DIVANY
DR. P. BENNETT
DR. F. KLEVANS
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PRINCETON UNIVERSITY UNIVERSITY OF PITTSBURGH
PLASMA PHYSICS LABORATORY PITTSBURGH, PA 15213
PRINCETON, NJ 08540 DR. N. ZABUSKY

DR. F. PERKINS DR. M. BIONDI
DR. E. OVERMAN

SCIENCE APPLICATIONS, 
INC.

1150 PROSPECT PLAZA UTAH STATE UNIVERSITY
LA JOLLA, CA 92037 4TH AND 8TH STREETS

DR. D.A. HAMLIN LOGAN, UTAH 84322
DR. L. LINSON DR. R. HARRIS
DR. E. FRIE.tAN DR. K. BAKER

DR. R. SCHUNK

STANFORD UNIVERSITY
STANFORD, CA 94305

DR. P.M. BANKS

U.S. ARMY ABERDEEN RESEARCH
AND DEVELOPMIENT CENTER

BALLISTIC RESEARCH LABORATORY
ABERDEEN, MD

DR. J. HEIMERL

UNIVERSITY OF CALIFORNIA,
BERKELEY

BERKELEY, CA 94720
DR. M. HUDSON

UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
J-10, MS-664
LOS ALAMOS, NM 87545

M. PONGRATZ
D. SIMONS
G. BARASCH
L. DUNCAN
P. BERNHARDT

UNIVERSITY OF CALIFORNIA,
LOS ANGELES

405 HILLGARD AVENU:-
LOS ANGELES, CA 90024

DR. F.V. CORONITI
DR. C. KENNEL
DR. A.Y. WONG

UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20740

DR. K. PAPADOPOULOS
DR. E. OTT
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