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CONDUCTIVITY FORMULAS FOR THE DISTURBED IONOSPHERE
Introduction

Formulas for the perpendicular DC ionospheric plasma conductivities

1,2,3,4,5 Use of these

have been presented previously by numerous authors.
published formulas under normal ionospheric conditions for the E and F regions
leads to accurate, reliable results. However, under certain extreme condi-
tions (i.e., a high altitude nuclear explosion) these approximate formulas
can lead to inaccurate and even unphysical results for the conductivities.

In this memo report we present a new set of exact formulas which do not
suffer these deficiencies. They yield accurate and usable results under the
most extreme circumstances of plasma and neutral densities and temperatures.

We therefore recommend use of the formulas presented here for extreme or

unusual ionospheric conditions.

Derivation

We begin with the elcctron and ion momentum equations considering only

the lorentz term and firictional terms

e -+ > > >

n & + v, X B) Ven Ve * Vei (Vo = V) (1)
E E+T, xB) v, oAy, (B -V )
m vy X, in Vi T VielVy T Ve

i

Here B is the magnetic induction and E the electric field strength; 3e and 31
are the electron and ion velocities; m, and m, are the electron and ion mass;
e is the electron charge; and ven’ Vags and Vie are the electron-neutral, the
ion-neutral, the electron-ion, and the ion-electron collision frequencies.

We eliminate from (1) and (2) the cross product terms between the velocities

and the magnetic induction resulting in
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where Qe = eB/me, Qi = eB/mi, and v, = (me/mi) Vei have been used.

->
We next solve (3) and (4) for Ve and ;i explicitly which yields
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Use of equations (5) and (6) in Z =ne (31 - 3e) now yields the Pederson and

Hall conductivities.

We write
ExB
- X
¢ ]) Op €+Oh'l—§r (7)
where
mi Me
5 =.BE. deai + diae + c ﬁ; ai v ae -
P |3 d,d, + c2 ’
d 4
o, = ne ebi N dibe + 2c(bebi) %)
h |B| dide + c2 ’

and n is the plasma number density.
The conductivity tormulas presented above are considerably more compli-
cated than those previously published in the literature. For instance, the

¢ formulas of V5lk and Haerendela ignore the effects of collisions between

ions and electrons which can be of considerable importance for very high
plasma densities. Similarly, Francis and Perkins5 while including electron-

ion collisions in the electron momentum equation, ignore their effect on the

ion momentum equation. The result of these types of simplifications is
either incorrect or even unphysical conductivities for the ionosphere under
extreme plasma conditions. The exact formulas presented above do not suffer

these difficulties.

Summar
: In the preceding section we have presented the derivation of exact

- formulas for the perpendicular DC ionospheric conductivity. These formulas

f are usable and present accurate results under the most extreme of iono-

spheric conditions, a high altitude nuclear explosion. We therefore recom-




mend their use in computations for unusual or extreme jonospheric conditions.

Collision frequencies for use in the equations can generally be found in the

standard reference texts on the ionosphere and aeronomy .
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GANTA 8aRBARA, CA 943102

plcy ATTN DASIAC

Qlur ATTN DON CHANDLER

O1CY ATTN TOM BARRETT

0lCY ATTN TIM STEPHANS

glCY ATTN WARREN S. KNAPP

010  ATTN WILLIAM MCNAMARA

olCcY ATTN B, GaMBILL

OICY ATTN MACK STANTON

GEnERAL ELECTRIC TECH SERVICES CO., InC.

HMES
COURT STREET
SYRACUSE, NY 13201
0lcY AT™N G. MILLMAN

GENERAL RESEARCH CORPORAT [ON
SANTA BARBARA DIVISION
p. 0. BOx 6770
SANTA BARBARA, CA 93111
01CY ATTN JOMN 1SE <R
Q1CY ATTN JOEL GARBARINO

GECPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FA[RBANKS, AX 99701

(ALL CLASS ATTN: SECURITY OFFICER)D

DiCY ATIN T. N. DAVIS (UNCL ONLY)
Q1CY  ATTN NEAL BROWN (UNCL OMLY )]
01cY ATTN TECINICAL LISRARY

675 SYLVANIA, INC.

£ SCTRONICS SYSTEMS GRP-EASTERN DIV
77 4 STREET

NEZORAM, A 02194

016Y  ATTN MARSHMAL CROSS

10

ILLINGIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING
URBANA, 1L 61803

01CY ATIN K. YEH

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

801 5. WRIGHT STREET

URBANA, 1L 60680
(ALL CORRES ATTN SECURLTY SUPERVISOR FOR)
QlCY ATIN K. YEW

INSTITUTE FOR DEFENSE ANALYSES

400 ARMY—-NAVY ORIVE

ARL[NGTON, VA 22202
OICY ATTN J. M. AEIN
OlCY ATTN ERNEST BAUER
01CY ATTN HANS WOLFHARD
O1CY ATTH JOEL BENGSTON

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

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

01CY ATIN TECHNICAL L IBRARY

JAYZOR
1401 CAMING DEL MAR
DEL MAR, CA 92014

JOMNS HOPKINS UN(VERSITY

APPLIED PHYSICS LABQRATORY

JOHNS HOPKINS ROAD

LAUREL, ™D 20810
glCY ATTN DCCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
G1CY  ATTN JONN DASSQULAS

LOCKHEED MISSILES & SPACE CO INC
P. 0. 30x 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60~12

61CY ATTN D. R. CHURCHIELL

LOCKHEED MISSILES AND SPACE CO INC

5251 HANOVER STREET

PALO ALTO, CA G430%
pl1CY ATTN MARTIN WALT DEPT $2-10
01CY ATTN R{CHARD G. JOHNSON DEPT 52-12
01CY ATTN W. L. IMHOF DEPT 52-12

KAMAN SCIENCES CORP

P. 0. BOX 7463

COLORACC SPRINGS, co 80933
01CY ATTN T. MEAGHER

LINKABIT CORP
10653 ROSELLE
$AN O[EGO, CA g2121
QlCY ATHLN [RWIN JACOB3

M.1.T. LINCOLN LABORATORY
P, 0. BOX 73
LEXINGTON, ™A 02173
01CY ATTN JAVID M. TOW F

pICY ATTN L. LOUGHLIN

MARTIN MARTET A CORP
ORLANDO DIVISION
p, 0. 30x 5837
QRLANDO, FL 32805
glCY ATIN R. MEFENER




MCDONAELL DOUGLAS CORPORATION
$301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
0ICY ATYN N. HARALS
0ICY ATTN J. MOWE
01CY ATTN GEORGE MROZ
0ICY ATTN w. OLSON
01CY ATTN R. W. MALPRIN
01CY ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION

735 STATE STREEY

SANTA BARBARA, CA 93101
01CY ATTN P, FISCHER
01CY ATTN w. F, CREVIER
Q1CY ATTN STEVEN L. GUTSCME
O1CY  ATYN D, SAPPENFIELD
01CY ATTN R. BOGUSCH
03CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTN DAVE SOWLE
O01CY ATTN F, FAUEN
0ICY AYIN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
0ICY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE

P. 0. 80X 208

BEDFORD, MA 01730
0ICY ATTN JOMN MORGANSTERN
0ICY ATTN G. MARDING
01CY ATTN C. €. CALLAMAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
0ICY ATTN W. MALL
OICY ATIN W. FOSTER

PACIF(C-SIERRA RESEARCH CORP
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA 90u0%

01CY ATTN €. C. FIELD R

PENNSYLVANIA STATE UNIVERSITY
IONOSPHERE RESEARCH LAS
318 ELECTRICAL ENGINEERING EAST
UNSVERSITY PARK, PA 16802
(NO CLASSIFIED TO TH(S ADDRESS)
0ICY ATTN [ONOSPHER[C RESEARCH LA8

PHOTOMETRICS, INC.
W2 MARRETYT ROAD
LEXINGTON, MA 02173
QICY ATTN IRVING L. KOFSKY

PMYSICAL DYNAMICS INC.
?. 0. 80x 3027
BELLEVUE, WA 98009
01CY ATTN E. J. FREMOUW

P-YSICAL DYNAMICS INC.
P. 0. 80x 1069
BERKELEY, CA 94701
01CY ATTN A. THCMPSON

1

R & D ASSOCIATES

P. O. BOX 9695

MARINA DEL REY, CA 90291
Q1CY ATTN FORREST GILMORE
CICY ATTN BRYAN GABSARD
01CY AYTN WILLIAM B. WRIGHT R
01CY ATTN ROBERT F. LELEVIER
OlCY  ATTN WILLIAM J. KARZAS
OICY ATTN . ORY
01CY ATTN €. MACOONALD
01CY ATTN R. TWRCO

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
0ICY ATTN ED BEDROZIAM

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

01CY ATYN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P. 0, 80X 2351

LA JOLLA, CA 92038
01CY  ATTN LEWIS M. LINSON
0ICY ATYN DANIEL A. NAMLIN
01CY ATYN D, SACHS
Q1LY ATTN E. A. STRAKER
GICY ATTN CURTIS A. SMITH
0ICY ATTN JACK MCOOUGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUOBURY, MA 01776
DICY ATTN BARBARA ADAMS

SCIENCE APPLICATIONS, INC.
HUNTSVILLE DIVISION
2109 w. CLINTON AVENUE
SUITE 700
HUNTSVILLE, AL 3580%
01CY ATTN DALE H. OtVIS

SCIENCE APPLICATIONS, INCORPORATED
8400 WESTPARK DRIVE
MOLEAN, va 2210}

01CY ATTN J. COCKAYNE

SCIENCE APPLICATIONS, [NC.

80 MISSION DRIVE

PLEASANTON, CA 94566
01CY ATTN S2

SRI [INTERNAT[ONAL

333 RAVENSWOOD AVENUE

MENLO PARK, CA 94025
01CY ATTN DONALD NE((LSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
01CY ATW™N L. L, COBB
01CY  ATTN DAVID A. JOMNSON
01CY ATTN WALTER G. CHESNUT -
01CY ATTN CMARLES L. RIND
Q1CY  ATYN WALTER JAYE
QICY ATTN M. BARON
01CY ATYN RAY L. LEADABRAND
O1CY ATYN G. CARPENTER
0ICY ATYN G, PRICE
0I1CY ATTN J. PETERSON
01CY  ATYN R. HAKE, R.
0ICY ATYN V. GONZALES
01CY ATYN O. MCDANIEL




: TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTIN w. P, BOQUIST

¥ TRW DEFENSE & SPACE SYS GROUP
ONE SPACE PARK
REDONDO BEACH, CA 90278
01CY ATTN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
01CY ATTN O. OEE

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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