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NONLINEAR STABILIZATION OF THE EXB GRADIENT
DRIFT INSTABILITY IN IONOSPHERIC PLASMA CLOUDS

The arti ficial injection o~ ion clouds in the ionosphere has been

used as a technique to study various ambient conditions in the medi~~;

e.g. , the mapping of electric fields based upon their bulk motion in

the madii.nn (Heerendel and Lust, 1968) . These clouds are found to dis-

play a typical pattern of c~ve1opment soon after their release • As they

• EXB drift in the crossed ambient electric and magnetic fields , they 
-

steepen on the backside (with respect to this motion) , elongate and

then striate on the steepened backside (j~osenberg, 1971) . These

striations are highly field-aligned and assi~ne the shape of protruding

fingers in their late time history , extending from the backside to the

frontside. The motion of the ion cloud has been studied in detail by

Haerendel et al. (1967) . The steepening aspect has been explained by

Perkins et al. (1973) . The striations which result from the steepening

have been generally attributed to the EXB gradient drift instability

(Linson and Workman, 1970; V~lk and Haerendel, 1971) originally applied

by Simon (1963) to laboratory gas discharges. The naierical simulation

studies performed by various groups to simulate the interaction of the

plasma cloud and the ionosphere have agreed with the dynamics of the

observed gross motion of the cloud and the development of fine struc-

ture on its steepened backside (Zabusky et al., 1973; Lloyd and

Haerendel; 1973, Gol~aan et al., 1974 ; Scannapieco et al., 1976;

Ibles at al , 1976) In the work of Scannapieco et al (1976) , it was

found that the striations, cbie ts EXB instability obeyed a power law

- —-—- for the Fourier wavenir~ers going as k 2 . The experimental obser-

vations and iunerical siimzlation studies indicate towards a coherent

~~~aMrlpt sabudtted July 14, 1978. 1
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development of these striations in their nonlinear state (fingers,

etc.). The recent DNA sponsored STRESS bari~.mi cloud experiments have

provided data that agrees with the above interpretation and nLinerical

sinvlation results. (Kelley et al., 1978; Baker and Ulwick, 1978).

In the present paper , we wish to present a theory for the coherent

nonlinear developmen t of the EXB instability in plasma clouds . In this

theory the instability generates linearly damped harmonics through non-

linear interaction and stabilizes . In fact , it has been shown sometime

back that the so-called cross-field instability in the equatorial E

reg ion electro jet evolves n~nlinear1y through this stabilization

mechanism (Rognlien and Weinstock , 1974) . The difference in the EXB

instability in the electro jet and in the clouds released at high F

region altitudes is that in the electrojet region the differential

motion between the Hall -drift ing electrons and collisional non-

magnetized ions results in the instability while in the high altitude

case the difference arises through the large Pedersen mobility of ions

as compared to that of electrons . Likewise , a gravity can also provide

a differential motion between the species by providing ions a relative

motion over electrons and would result in the collisional Rayleigh-

Taylor instability which cai be saturated by similar effects (thaturvedi

and Ossakow, 1977) . The similarity between the ~ CB gradient dri ft

instability in ionospheric plasma clouds and the collisional Rayleigh-

Taylor instability in equatorial Spread F was noted in the runerical

• siwlation work (Scann apieco and Ossakow, 1976 ; Scannapieco et al.,

1976) and in the experimental observations (Xelley et al., 1978) .
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The nonlinear set of equations describing the physical interac-

tion of a plasma cloud ~ ~~ ionosphere has been discussed u~~iy.. times in

the past (V~hk and Haerendel, 1971; Perkins at al., 1973; Scannapieco

et al., 1976) . We shall consider the si,~~le case of a one dimensional

plasma’ cloud. We further consider a local region on the steepened side

of the cloud and study what happens to the nonlinear evolution of the

perturbations , linearly unstable in this region due to the EXB insta-

bility . It should be pointed cut here that this approach puts some

restrictions on the validity of the results vis-a-vis real situations.

First , a two-dimensional cloud of finite extent is not stationary and

is contiwos.sly getting distorted as it moves in the ionosphere. How-

ever, on the faster time scale on which the striations grow, an assim~-

tion of one dimensionality gives us a quasi~stationary solution for the

cloud. Second, we ignore the interaction of the cloud with the back-

ground ionosphere (the second level) which is a good enough asstmption

for the large clouds (one level model) . In our geometry the earth~s

magnetic field , B 0,is in the z-direction and the electric field is

pointing along the x-axis . The steepening of the cloud in this config-

uration is such that for the backside the gradient is negative, and on

the frontside it is positive (along the y-direction) . The coi~ 1ed set of

• •• nonlinear equations can be written as (us Perkins et at., 1973)

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (1)

and

V I. (nv 1~ )+2T V~n O  (2)
S

.4 3
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where K~~ ~~
/v

~rt , a~ ~~~ I B(,/mc ,• ~~. denotes perpendicular to and

ê2 - ~,/ 1B~, 1. Here eqn. (1) is the ion continuity equation in which

the second term represents the effects due to EXB convection of plasma

along a density gradient and the last term represents the an~ ipolar dif-
fus ion damping. (Here we have not taken into account the electron- ion

Coulcith collisions thich matrict the applicability of the results to
lower F region altitudes.) The perturbations are assimied electrostatic

and the generalized potential 3 is given by

,- ,  ..L4 &n(L) (3)

where T is the temperature (in energy units) of the species (equal for
ions and electrons) , n0 is a representative equilibrii.nn plasma density

and t~ is a small quantity : ~ 
K
in a m~ “en <‘c l• The electrostatic

potential $ includes an athient pa~Q ,0 ~nd~~he perturbed part ~~:

$ = $0 
+ •~

V .&.,—

Equation (2) , a statement of quasi-neutrality, V~ . J~ 0 , is obtained

by subtracting the ion continuity equation from the electron one,

and resembles the Poisson’s equations. If wri tten in terms of undis-

turbed and perturbed quantities , one can rewrite eqn. (1) and (2) as

• 
~t 

- 
~~~~~ 

V j .Oxe~~V jyt0 - 

eB K v~
2n F V J.$X~~

.V .Lfl (4)

and

(5)

4
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where we have transformed to a frame moving with ~~ xB~ /B ~ 2 wloc.ity. In

equation (4) , the second term gives the linear growth of perturbations

and the third one represents diffusion damping . The term on the right

han d side is a nonlinear term representing a nonlinear flux of parti-

cles through mode- interactions . • Similarly in the potential - equation

(5), the left hand term has a linear and a nonlinear term . The lin-

ear term simply gives the perturbed potential, as it arises due to the

differen tial mobi lities b~ ween ion and electrons across a density

perturbation (due to finite Pedersen effects on ions) in an ambient

electric field , E0. The second term would be a nonlinear term; For One-

dimensional perturbations , it is the dominant nonlinearity. In this case,

the important nonlinear effect is the shielding of the driving electric

field . It should be remembered here that the eqn . (5) is a lowest order

equation in and thus these quantit ies do ~Iot appear explicit ly

in the equation . A comparison between the two nonlinear terms in

equations (4) and (5) , readily shows that the term in (5) would be

d bY(~.~
)0

as cou~~ared to the term in eqn. (4) . This is of course

valid only r two-dimensional perturbations , since for one dimen-

• sional perturbations , the term in equation (4) is negligibly small.

But the problem is clearly inherently two-d imensional , and thus we

adopt this approach here. (For more discussion on this point, see

Roá]ien and Weinstock,1974; thaturvedi and Ossakow, 1977. ) 
• If one

-

• 

linearizes eqn. (4) and (5) and Fourier analyses the perturbQtions

as exp (lk ’x- iwt) one obtains a familiar gro~th of perturbati

ata r a te given by 
~
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2 (6)

where L — (cIn0fCIY) and c~ 2T/m1

(~ e can therefore rewrite eqns. (4) and (5) as

a + ~~
— v~ ~ x ê~ • (4a)

Sfld no V~~+ = E V.L f l  fl (5a)

(bviously, eqn . (Sa) has been wr itten in its linearized form .* If one

substitutes a two-dimensional perturbation in the nonlinear term of

(4a) , of the form : 
2% 

= A1 ~ sin (k~x-wt) cosk),Y; one sees that the

resul t .i~ 
[
~ ~2L k A1 12] Sin 2k~y. That is , a second spatial

12B k 2  y
harmonic in ~he°y-~irection (along the density gradi ent) is generated .

We represent it as: A2,0 sin2k,,i. Thus our general perturbation h.as

the form

— A1, 1 sin (k~x-wt) cos k~,y + A2 0  sin2k~Y 
~~

From (Sa) , the associated potential perturbation is
E

— i B j~—~~ 8 (8)

A substitut ion of (7) and (8) in (4a) leads to the coupled equations

in mode amplitudes : 
-

• y
1 ~ 

A1 1 - A1 ~ A2,0 
(9)

6
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*For long waveleng ths , of the order of hundreds of

meters , the second term on right can be n.gl.cted.. For

c E0 lOmV/ni , T - ~~~ 
d C , this term assu*es ii~portance at

wavelengths of the order of tens of meters . In - any case

the term would cause a shift in the real part of w .

____  - Y 2 ,~ A2,0 + ~ ~~~~ (10)

With the coupling coefficient given by ~ - k 7 ~~~ If the

mode A2 ,0 is damped linearly , then ‘r2 0  would be negative. Thus the

nonlinear interaction s cascade energy from the end where it is iflitial-
• ly input (the linearly growing mode) to the k-space where iLirnar theory

predicts stability. This introduces a nonlinear dii~ing for the

linearly driven modes (see eqn. (9)), aM one can think of a stationary

state when the linear growth is balw~ ed by the nonlinear d~~~1ng . In
this situat ion ~A1,1 /at — aA2,0/at a 0 and one obtains

A2,0 — 1Y 111 1 1 (U)
a kyiLl

and A1,1 - (+ 2I~,,0!

_ II I ll(21Y1 1 1Vv2101) (12)

Ihbte that if > I’r~~I . one obtains that A~io > A1,1. This means

that if the spatial harmonics along the density gradient are relatively

weakly damped, they are nonlinearly driven to larger amplitudes com-

pared to the linearly driven modes. Purther, these spatial harmonics

- - 

7 
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can be thought to be quasi-linearly modifying the equilibri~.in density
gradient and thus stabilizing the instability . Note that the satu-

rated ampl itude of the A2 0  mode obta ined here is of the same form

as that obtained in the case of the- collisional Rayleigh-Taylor

instability (Chaturvedi and Ossakow, 1977) . This indicates a close

similarity between the driving effects for the collisional Rayleigh-

Taylor instability in the equatorial F region and the EXB instability

in F region Ba clouds. The numerical simulation of the nonlinear phase

of the two instabilities also shows similar characteristics

(Scannapieco and Ossakow, 1976) which is not surprising noting the

similar form of the two coupled equations in the two cases . Experi-

mental data of Kelley et al. (1978) also agrees with this interpreta-

tion. Substitution of typical numbers into (11) shows that for

wavenumbers such that for k~L “ 8

A ~~l2% (13)
2 ,0

We note here that the experimental observations by Kelley et al.

(1978) and Baker and Ulwick (1978) are in line with the above esti-

mate. Also, the recent one level numerical calculations give a

saturation amplitude of this order [B. E. McDonald 1978, private

conhiunication.]
Further, it may be noted that the nonlinear generation of

harmonics with large amplitudes increases the harmonic content in the

final density profile and would steepen it (as has been found in the

numerical calculations of Rognilen and Weinstock (1974) for their

8
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many-mode case) and the power law for the mode numbers goes as k 2

(eqn. (11)). This is also in agreement with the numerical simulations
• of Scannapieco et al. (1976) and the experimental results of Kelley

_ 2
et al. (1978). Similar observations of k spectra for coherent

equatorial F region irregularities (Dyson et al. 1974) can also be

interpreted in terms of a similar nonlinear theory (Chaturv edi and

Ossakow, 1977) . Finally , we remark tha t the next related problem to

investigate would involve a two-level case (see Scannapi eco et • al. ,

1976), in which image striations in the background ionosphere and the

associated nonlinear effects are taken into account .
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_________ - -

DIRECTOR .

NAT I ONAL SECURITY AGENCY - - - - • -
~~~ 

-

DEPAR TME NT OF DEFEN SE
FT. GEORGE G. MEADE, I~V 20755

O 1CY ATTN JOHN SKILLMAN R52 - - • -

O1CY ATTN FR.AN( LEONARD - - 
- - -

O1CY ATTN W1’+ PAT CLARK
O1CY ATTN OL IVER H. BARTLETT W32
O 1CY ATTN R5

COt+t6NDANT
NATO SCHOOL (SHAPE) - - - - .. . -

APO NEW YORK 09172 - - 
-

O1CY ATTN U.S . DOCUMENTS OFFICER

UNDER SECY OF DEE FOR RSCH S ENGRG
DEPARTMENT OF DEFENSE
WASHINGTON, D.C. 20301

QICY ATTN STRATEGIC £ SPACE SYSTEf’5 (OS)

WWMCCS SYSTEM ENGINEERI NG ORG
WASH INGTON, D.C. 20305

O 1CY ATTN R. CRAWFORD

— 
CO~ ’iA~OER/OIRECTOR
A TMOSP’-$ER IC SC I ENCES LABORATORY
u.s . AR:-cr ELECTRONICS C&~ d~NOWHITE SANDS MISSILE RANGE . N~1 88002

• O 1CY ATTN DELAS—EO F. NILES

DIRECTOR
B14) ADVANCED TECH CTR
HUNTSVILLE OFFICE
P. 0. BOX 1500
HUNTSVILLE , AL 35807

O1CY ATTN ATC-T MELVIN 1. CAPPS
O1CY ATTN ATC-O W. DAV IES
O 1C’( ATTN ATC—R DON RUSS

PROGRAM MANAGER
BM) PROGRAM OFFICE
5001 EISEMIOI’4ER AVENUE
ALEXA rORIA, VA 22333

• O1CY ATTN DACS-SMT J. SHEA

CHIEF C—E SERV I CES DIVISION
• U.S. ARMY COI’PUNICATIONS CMO

• PENTAGON RM 18269
WASH I NGTON, D.C. 20310

O1CY ATTN C-ti—SERVICES DIVISION

8
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COI+%~ DER
FRADCOM TECHN ICAL SUPPORT ACTIVITY
DEPARTMENT OF THE ARMY
FORT MO~t1OUTH, N.J. 07fl3

O1CY ATTN DRSEL—NL—RD H. BEMET
O1CY ATTN DRSEL—PL—EW H. BOt’KE

S O1CY ATTN J. E. QUIGLEY

COt+ANDER
HARRY DIAMOND LABORATORIES
DEPARTMENT OF THE ARMY
2800 POWDER MILL R~~D
ADELPHI, MO 20783

• (CNWOI-IM€ R ENVELOPE: ATTN: D€L10—R8H)
O1CY ATTN DELHD—TI M . WEINER
O 1CY ATTN DELHD-RB R . WILLIs*JIS
O1CY ATTN DELHD—NP F. W IMENITZ
O1CY ATTN DELHD—NP C. MOAZED

COt+%ANDER
U.S. ARMY COt~Vl—ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

O1CY ATTN CCC—EMEO GEORGE LANE

CO~Y~’AFDER
U.S. ARMY FOREIGN SCIENCE & TECH CTR
220 7TH STREET, NE
CHAR LOTTESVILLE , VA 2290 1

O 1CY ATTN DRXST-SD
O1CY ATTN R . JONES

COt+IANDER
U.S . ARMY MATERIEL 0EV ~ READ I NESS CMO
5001 EISEMOWER AVENUE
ALEXA I DRIA, VA 22333

O1CY ATTN DRCLDC J. A. BENDER

4
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— COt+4ANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY ~

-
•~~

‘-  
-

-

7500 BACKLICK ROAD
BLDG 2073 ~~~~• - -

~~~~
‘ 

- 
- - - - -

SPRI NGFIELD , VA 22150 ~‘. -~  

- 
- - -

- . O1CY ATTN LIBRARY • - 
-

DIRECTOR
U.S. ARMY BALLISTIC RESEARCH LABS
ABERDEEN PRCWING GROJND, MO 21005

£ O1CY. ‘ATTN .TECPI. L18 - . EDWARD BAICY

- - 
- .  

- -

U.S. ARMY SATCOM AGENCY -
•

FT. MDI1IDUTH, NJ 07703
O1CY ATTN DOCUMENT CONTROL

C0tP%*JO ER 
•

U.S. ARMY MI SSILE INTELLIGENCE AGENCY
REDSTONE ARSENAL, AL 35809

01C~ ATTN JiM GN~~LE

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

O1CY ATTN ATAA—SA
01C~ ATTN 1CC/F. PAVAN JR.

— 

O 1C ( ATTN ATAA— TAC LTC J. H~SSE

COt1~iAtDER
NAVAL ELECTRONIC SYSTEMS C0I+IAND
WASHINGTON, D.C. 20360

O 1CY ATTN NAVALEX 034 1. I-LIGHES
O1CY ATTN PME 117
O1CY ATTN PME 117-1
O 1C’Y ATTN CODE 5011

CO~4’%ANDING OFFICER •

NAVAL INTELLIGENCE SUPPORT CTR
‘.301 SUITLAND ROAD, BLDG . 5
WASHINGTON, D.C. 20390

OICY ATTN MR. DUBBIN STIC 12
O1CY ATTN NISC—5 0
O1CY ATTN CODE 5404 J. GALET - - 

-

6



—5---.- ~~••~~~ 5-5-5- —~
5- •~ _ _ . -  ~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

COI+’AIDER
NAVAL OCEAN SYSTEMS CENTER • - 

• 

•

SAN DIEGO, CA 92152
O3CY ATTN CODE 532 W. MOLER
O1CY ATTN CODE 0230 C. BAGGETT •

O1CY ATTN CODE 81 R . EASTMAN

DIRECTOR
NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375

Q1CY ATTN CODE 6700 TIMOTHY P. COFFEY (25 CYS IF JICLASS, 1 CV IF CLASS)
01Cr ATTN CODE 6701 JACK 0. BROWN
O1CY ATTN CODE 6780 BRANCH HEAD (150 CYS IF UNCLASS, 1 CV IF CLASS)
O1CY ATTN CODE 7500 HQ CO~VI DIR BRUCE WALD
O1CY ATTN CODE 7550 J. DAVI S
O 1CY ATTN CODE 7580
O1CY AT TN CODE 7551
O1CY ATTN CODE 7555
O1CY ATTN CODE 6730 E. MCLEAN
O1CY ATTN CODE 7127 C. JOHNSON

CO~?4ANDER
NAVAL SEA SYSTEMS COWAND
WASHINGTON, D.C. 20362

O1CY ATTN CAPT R . PITKIN

COt~ ANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAJ-iLGREN, VA 22448

O1CY ATTN CAPT J . H. BURTON

OFFICER—IN—CHARGE
NAVAL SURFACE WEAPONS CENTER
WHITE OAK, SILVER SPRING, MO 20910

O1CY ATTN CODE F31

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHIN GTON, D.C. 20376

O LCY ATTN NSP—2141
O1CY ATTN NSSP—2722 FRED WIMSERLY

NAVAL SPACE SYSTEM ACTIVITY
P. 0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CALIF. 90009

O 1CY ATTN A. B. HAZZARD

_ _ _ _ _ _ _ _  
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CO~~ANDERNAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DA~4...GREN, VA 224k 8

O1CY ATTN CODE DF—14 R. BUTLER

CO*WOING OFFICER
NAVY SPACE SYSTEMS ACTIVITY
P.O. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA. 90009

O1CY ATTN CODE 52

OFFICE CF NAVAL RESEARCH
ARL i NGTON, VA 222 17

O1CY ATTN CODE 465
O1CY ATTN CODE 461
OICY ATTN CODE 402
O1CY ATTN CODE 420
O1CY ATTN CODE 421

C0t4!ANDER
AEROSPACE DEFENSE C0IW.ND/DC
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

O1CY ATTN DC MR. LONG

CO*~ANDER
AEROSPACE DEFENSE COI4’t~ND/XPD
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

O1CY ATTN XPDQQ
O1CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731

01c r ATTN OPR HAROLD GARDNER
01cr ATTN OPR—1 JN~ S C. ULWICK
O1CY ATTN LKB KENNETH S. W . CHN4’ION
O1CY ATTN OPR ALVA T. STAIR
O1CY ATTN PHP JU..ES MRCNS
O1CY ATTN PMO JURGEN BUCP$A&J
01Cr ATTN PMO JOHN P. IIJLLEN

AF WEAPONS LABORATORY
KIRTLAND AFB, *i 87117

O1CY ATTN SUL
O1CY ATTN CA ARTHUR H. GUENTHER
OICf ATTN DYC CAPT 1. BARRY
O1CY ATTN DYC JOHN M. KA*i
01Cr ATTN DYT CAPT MA~( A. FRYO1CY ATTN DES MAd GARY GPtIONG

• o icr ATTN DYC .1. JANNI

= H-
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AF TAC
PATRI CK AFB, FL 32925

O1CY ATTN TF/MAJ WILEY
O1CY ATTN TN

AI R FORCE Av:ONlcs LABORATORY
WRIGHT-PATTERSON AFB, OH ~5~33 . 

—

O1CY ATTN MD wADE HUNT
O1CY ATTN Mi) ALLEN JOHNSON -•

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF THE AIR FORCE
WASHINGTON, D.C. 20 330

O1CY ATTN AFRDQ

HEADQUARTERS
ELECTRONIC SYSTEMS DIVIS ION/XR
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

O 1CY ATTN XR J. DE .AS

HEADQUARTERS
ELECTRONIC SYSTEMS DIV ISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 0173 1

OICY ATTN YSEA

HEADQUARTERS
ELECT RONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 0173 1

OICY ATTN DCKC MAJ J. C. CLARK

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISIO N , AFSC
HANSCOM AFB, MA 01731

O 1CY ATTN XRW
O1CY ATTN JAMES WHELAN

COt+IAIDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433

O1CY ATTN NICD LIBRARY
O1CY ATTN ETOP 8. BALLARD

CO~I~ANDERROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 1344 1

O 1CY ATTN DOC LIBRARY/TSL D
O1CY ATTN OCSE V. COYIE

SNISO/SZ
POST OFFICE BOX 92960
WORLDWAY POSTAL CENTER 8 -

LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)

O 1CY ATTN SZJ 

---- -— - — ~~~~~~~~ -—~~~~~ - 
—

~~~~
- -
~~~~~~~~~~ —— -—~~~~~~~~ - -
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STRATEGIC AIR COt4’#JD/XPFS
OFFUTI AFB, NB 68113

O1CY ATTN XPF S MAJ B. STEPHAN
O1CY ATTN ADWATE MAd BRUCE BAUER
O1CY ATTN NRT
O1CY ATTN 00K CHIEF SCIENTIST

SAMSO/YA
P. 0. BOX 92960
WORLOWAY POSTAL CENTER
LOS ANGELES, CA 90009

O1CY ATTN YAT CAPT L. BLACKWELDER

SAIISO/SK
P. 0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009

O1CY ATTN SKA (SPACE COt I SYSTEMS) M. CLAVIN

SA1~ O/NN
NORTON AFB, CA 92409
(MI MJTEMAN)

O1CY ATTN ?tt’& LTC KENNEDY

COI44ANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCOM AFB, MA 01731

01CY ATTN EEP A. LCRENT ZEN

-- ~~~~~~~~ 
- -~~
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DEPARTMENT OF ENERGY

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERAT IONS OFFICE
P. 0. BOX 5400
ALBUQUERQUE, NM 87115

O1CY ATTN DOC CON FOR 0. SHERWOOD - -

DEPARTMENT OF ENERGY
LIBRAR Y ROOM G—042
WASHINGTON, D.C. 20545

O1CY ATTN DOC CON FOR A. LABOWITZ

EG&G, INC.
LOS ALAMOS DIVISION
P. 0. BOX -809
LOS ALAMOS, *1 85544

O1CY ATTN DOC CON FOR J. BREEDLOVE 
- - -

UN IVERSITY OF CALIFORNIA - -~ 
-

LAWRENCE LI VERMORE LABORATORY - -

P. O. BOX 8O8 -~~~~

LIVERMORE, CA 94550
O1CY ATTN DOC CON FOR TECH INFO DEPT
O1CY ATTN DOC CON FOR L—389 R . OTT
O1CY ATTN DOC CON FOR L—31 R. HAGER

— 
OICY ATTN DOC CON FOR L-46 F. SEWARD

LOS ALAMOS SCIENTIF IC LABORATORY
P 0. BOX 1663
LOS ALAMOS, NM 87545

O1CY ATTN DOC CON FOR J. WOLCOTT
O1CY ATTN DOC CON FOR R. F. TASCHEK
O1CY ATTN DOC CON FOR E. JONES
O1CY ATTN DOC CON FOR J. MALIK
OICY ATTN DOC CON FOR R. JEPFRIES
01CY ATTN DCC CON FOR J. ZINN
O1CY ATTN DOC CON FOR P. K EATON
O1CY ATTN DOC CON FOR 0. WESTERVELT

SANDIA LABORATORIES
P. 0. BOX 5800
ALBUQUERQUE, P14 87115

O1CY ATTN DOC CON FOR J. MARTIN
O 1CY ATTN DOC CON FOR W . BROWN
O1CY ATTN DOC CON FOR A. THORNBROUGH
O 1CY ATTN DOC CON FOR 1. WRIGHT

- - O1CY ATTN DOC CON FOR D. DAJLGREN
01C~ ATTN DOC CON FOR 3141- - 

O1CY ATTN DCC CON FOR SPACE PROJECT DIV - - 
—

10

T ~~ IT~~~~~~~ 
-

L - _______ ~ ~~~~~ ~~~r ~~~ - — —



SAND I A LABORATOR I ES
LIVERMORE LABORATORY
P. O. 80X 969
LIVE RMORE, CA 94550

O1CY ATTN DOC CON FOR a. IIJRPHEY
O 1CY ATTN DOC CON FOR 1. COCK

OFFICE OF MILITARY APPLICATION
DEPAR TME NT OF ENERGY
WASHINGTON, D.C . 20545

OLCY ATTN DOC CON FOR 0. GALE

-— 

11 _I
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I
OTHER GOVERNMENT

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

O1CY ATTN OSI /PSID RH 5F 19

DEPARTMENT OF COt1~1ERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

(ALL CORRES: ATTN SEC OFFICER FO R)
O1CY ATTN R. MOORE

DEPARTMENT OF TRANSPORTATION
OFFICE OF THE SECRETARY
TAD~4L..1, ROOM 10402—B
1+00 7TH STREET, S.W.
WASHINGTON, D.C . 20590

O1CY ATTN R . LEWIS
O 1CY ATTN R . DOHERTY

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOI41.JNICATIONS £ INFO ADMIN
BOULDER, CO 80303

O 1CY ATTN A. JEAN (UNCLASS ONLY)
O1CY ATTN W . UTLMJT
O1CY ATTN D. CROMSIE
O1CY ATTN L. BERRY

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVI RCH.ENTAL RESEARCH LABORAT ORIES
DEPARTMENT OF COt4IERCE
BOULDER, CO 80302

O1CY ATTN R. GRUBB
O1CY ATTN AERONOMY LAB G. REID

NASA
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD 20 771

O 1CY ATTN P. CORRIGAN

12

I_
~ — 

— - - _____ - - — 
_____________________ -

- - — —  -: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -

~-
--- --- - - - - — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

______ — - -- — ~~~~~~~ -- - ---
--



_____ 

- 

—_

DEPARTMENT OF DEFENSE CONTRACTORS —

AEROSPACE CORPORATION
P. 0. BOX 92957
LOS ANGELES, CA 90009

OICY ATTN I. GARFUN(EL
O1CY ATTN T. SALMI
O1CY ATTN V. JOSEPHSON
O1CY ATTN S. BOWER
O1CY ATTN N. STO~KWELL
O1CY ATTN 0. OLSEN
O1CY ATTN J. CARTER
O1CY ATTN F. MORSE —

O1CY ATTN St~fA FOR PWW

ANALYTICAL SYSTEMS ENGI NE ERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 01803

O1CY ATTN RADIO SCIENCES

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

O1CY ATTN J. WORKMAN

• BOEING COIPANY, THE
P. 0. BOX 3707
SEATTLE, WA 98124

OICY ATTN G. KEISTER
O1CY ATTN 0. MURRAY
O 1CY ATTN G. HALL
O1CY ATTN J. KEPNEY

CALIFORNIA AT SAN DIEGO, UNIV OF
IPAPS, B—019
LA JOLLA, CA 92093

O1CY ATTN HENRY G. BOCI(ER

BROWN ENGINEERING COIFANY, I NC.
CUI+1! NGS RESEARCH PARK
HUNTSVILLE, AL 35807

O 1CY ATTN ROMEO A. DELIBERIS

CHARLES STARK DRAPER LABORATORY, INC.
555 TECHNOLOGY SQUARE
C4b~RIDGE, MA 02139

O1CY ATTN 0. 8. COX
O1CY ATTN d. P. GIIJIORE

COtFUTER SCIENCES CORPORATION
6565 ARLINGTON BLVD
FALLS CHURCH, VA 22046

OICY ATTN H. BLAM(
O1CY ATTN JOHN SPOOR 18
O1CY ATTN C. NAIL

_ -- —~—~~~~~ ~~ . - 
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COMSAT LABORATORIES - 
-

LINTHICUM ROAD
CLARKSBURG, 10 20731+

O1CY ATTN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 11+850

O1CY ATTN 0. T. FARLEY JR

ELECTROSPACE SYSTEMS, INC.
BOX 1359
RICHARDSON, TX 75080

01CY ATTN H. LOGSTON
O1CY ATTN SECURITY (PAUL PHILLIPS)

ESL INC.
1+95 JAVA DRIVE
SUMIYVALE, CA 91+086

O1CY ATTN i. ROBERTS
O1CY ATTN JAMES MARSHALL
O1CY ATTN C. W. PRETT IE

FORD AEROSPACE £ COt’PUNICAT IONS CORP
3939 FAB IAN WAY
PALO ALTO, CA 91+303

O1CY ATTN J. 1. PtATTINGLEY

GENERAL ELECTRIC COIPANY
SPACE DI V ISION
VALLEY FORGE SPACE CENTER
GODOARD BLVD KING OF PRUSSIA
P. 0. BOX 8555
PHILADELPHIA, PA 19101

O1CY ATTN M. H. BORTNER SPACE SC! LAB

GENERAL ELECTRIC COPPANY
P. 0. BOX 1122
SYRACUSE, NY 1320 1

O1CY ATTN F. REIBERT

GENERAL. ELECTRIC CO1PANY
TEFPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.O. DRAWER QQ)
SANTA BARBARA, CA 93102

01Cr ATTN DASIA C
O1CY ATTN DON CHANDLER
O1CY ATTN TOIl BARRETT
01C r ATTN TIM STEPHM-IS
O1CY ATTN WARREN S. KNAPP
O1CY ATTN W ILL INI MCNN’ARA
O1CY ATTN 8. GAP~ ILL

— 01Cr ATTN MACK STANTON

GENERAl. ELECTRIC TECH SERVI CES CO. , INC.
I$IES
COURT STREET
SYRACUSE, NY 13201 14

O1CY ATTN G. MILLMAN

* 
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GENERAL RESEARCH CORPORATION
SANTA BARBARA DIVISION
P. 0. BOX 6770
SANTA BARBARA, CA 93111 - -

OLCY ATTN JOHN ISE JR - -

OICY ATTN JOEL GARBARINO

GEOPHYSICAL INSTITUT E
UNIVERSITY OF ALASKA
FAIRBAtkS, * 99701

(ALL CLASS ATTN: SECURITY OFFICER)
OLCY ATTN 1. N. DAVIS (UNCL ONLY)
O1CY ATTN NEAL BROWN (UNCL ONLY)
O1CY ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP — EASTERN DIV
77 A STREET
NEEDHN4, MA 02191+

O1CY ATTN MARSHAL CROSS

ILLINOIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERIN G
URBMA, IL 61803

O1CY ATTN K. YEll

• ILL INOIS, UNIVERSITY OF
107 COBLE HALL
801 S. WRIGHT STREET

• URBANA, IL 60680
(ALL CORRES ATTN SECURITY SUPERVISOR FOR)
O1CY ATTN K. YEll

INSTITUTE FOR DEFENSE ANALYSES
1+00 ARMY-NAVY DRIVE
ARL I NGTON, VA 22202

O1CY ATTN d. N. AEIN
O1CY ATTN ERNEST BAUER
O 1CY ATTN MANS WOLFHARD
O1CY ATTN JOEL BENGSTON

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 01730

O1CY ATTN DONALD NANSEN

INTL TEL £ TELEGRAPH CORPORATION
500 WASHINGTON AVEP3JE
NUTLEY, NJ 07110

O1CY ATTN TECHNICAL LIBRARY

- - — — JAYCOR
14401 CMIIIC DEL MAR
DEL MAR, CA 92011+ 16

O1CY ATTN S. R. GOLO(W4 .~~ - 
- — —
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JOHNS HOPKINS UN IVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAD
LAUREL , HO 20810

OICY ATTN DOCUMENT LIBRARIAN
O1CY ATTN THOMAS P0TE1’~A
O1CY ATTN JOHN DASSOULAS

LOCKHEED M I SSILES £ SPACE CO INC
P. O. 80X 501+
SUNNYVALE, CA 91+088

O1CY ATTN DEPT 60—12
O1CY ATTN D. R . CHURCHILL

LOCKHEED MISSILES AM ) SPACE CO INC
325 1 HAN0VER~~TREET
PALO ALTO, CA 91+301+

O1CY ATTN MARTIN WALT DEPT 52-10 —

O1CY ATTN RICHARD G. JOHNSON DEPT 52—12
O 1CY ATTN W. L. It+fOF DEPT 52—12

K5A14AN SCIENCES CORP -

P. 0. BOX 71+63
COLORADO SPRINGS, CO 80933

O1CY ATTN T. MEAGHER

LII1~AB IT CORP - - - -

101+53 ROSELLE
SAN DIEGO, CA 92121

O1CY ATTN IRWIN JACOBS 
- 

- - 
- -

LOWELL RSCH FOU1~~TI ON, UNIVERSITY OF
1+50 AIKEN STREET - - - - 

-

LOWELL, MA 018 51+ -

OL CY ATTN K. BIBL

M. I . T. LI NCOLN LABORATORY
P. O. 80X 73
LEXINGTON, MA 02173

O1CY ATTN DAVI D M. TOWLE
O1CY ATTN P. WAL.DRON
OICY ATTN L. LOUGHLIN
O1CY ATTN 0. CLARK

MARTIN MAR I ETTA CORP
ORLANDO DIVISI ON - - - ‘ 

- -

P. 0. BOX 5837 - - - 
-

- -

ORLANDO, FL 3280 5 - — 
- -

O1CY ATTN R. HEFFNER

MCDOMIELL DOUGLAS CORPORATION 
-

5301 BOLSA AVEMJE - - - - -

HUNTINGTON BEACH, CA 9261+7 ~~
- .. 

—

O1CY ATTN N. MARRIS
OLCY ATTN J . MOU..E
O 1CY ATTN GEORGE MROZ 

S

O1CY ATTN W. OLSON
OICY ATTN R. W. HALPRIP4 - - . - c- 

- - 

-O1CY ATTN TECHNICAL~LreRMY--SERV1th
11
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MISSION RESEARCH CORPORAT I ON
735 STATE STREET
SANTA BARBARA, CA 93101

O1CY ATTN P. FISCHER
O1CY ATTN W. F. CREVIER
O1CY ATTN STEVE N L. GUTSCHE - 

- - .

OLCY ATTN D. SAPPEPFIELD
O1CY ATTN R. BOGUSCH
O1CY ATTN R. HENDRICK

• O1CY ATTN RALPH KIL3
O1CY ATTN DAVE SOWLE
O1CY ATTN F. FAJEN
O1CY ATTN N . SCHEI BE
O1CY ATTN CONRAD L. LONGMIRE
O1CY ATTN WARREN A. SCHLUETER

MITRE CORPORAT ION, THE
P. 0. BOX 208
BEDFOR D, MA 01730

O1CY ATTN JOHN MORGANSTERN
O1CY ATTN G. HARDING
OLCY ATTN C. E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD

• MCLEAN, VA 22101
OLCY ATTN W . HALL
O1CY ATTN W. FOSTER

PACiF I C—S I ERRA RESEARCH CORP
3 1+56 CLOVERFIELD BLVD.
SANTA MON I CA, CA 90404

O1CY ATTN E. C. FIELD JR

PEIlISYLVANIA STATE UNIVERSITY
IONOSPHERE RESEARCH LAB
318 ELECTRICAL. ENGINEERING EAST
UNIVERSITY PARK, PA 16802

• (NO CLASSIFIED TO THIS ADORESS)
O1CY ATTN IONOSPHERIC RESEARCH LAB

PHOTO(ETRICS, INC.
4442 I4ARRETT RGAD

• LEXINGTON, MA 02173
O1CY ATTN IRVING L. KOFSKY ~~~

- 
~~~~~~~ - -~ - - 

- 

-

PHYSICAL DYNNII CS INC .
P.O. 80X 3027 - -

ELLEWE, WA 98009
O1CY ATTN E. 3. FRENOUW

PHYSICAL DYNNIICS INC.
P. 0. BOX 1069
BERKELEY, CA 944701

O1CY ATTN A. THOIPSON
17
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RIDASSOCIATES -
-
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P. 0. BOX 9695 - •

MARINA DEL REY, CA 90291 -
~~- :  -

O1CY ATTN FORREST GIL..MORE
O1CY ATTN BRYAN GABBARD
O1CY ATTN WILLI AM B. WRIGHT JR
OLCY ATTN ROBERT F. LELEVIER
O1CY ATTN WILLI AM J. KARZAS
O1CY ATTN H. OR?
O1CY ATTN C. MACDONALD
O1CY ATTN R. TURCO

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

O1CY ATTN CULLEN CRAI N
O 1CY ATTN ED BEDROZIAN

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

O1CY ATTN VINC E TRAPANI j
SCIENCE APPL ICATIONS, INC.
P. 0. BOX 2351
LA JOLLA, CA 92038

O1CY ATTN LEWIS M. LINSON
O1CY ATTN DANI EL A. HAl-tIN
O1CY ATTN D. SACHS
O1CY ATTN E. A. STRAKER
O1CY ATTN CURTIS A. SMITH
O1CY ATTN JACK MCDOUGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

O1CY ATTN BARBARA ADN.IS

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

O1CY ATTN DALE H. DIVI S

SCIENCE APPLICATIONS, INCORPORATED
81+00 WES1PARK DRIVE
MCLEAN, VA 22101

O1CY ATTN J. COCKAYNE - ‘ 

- 

-

SCIENCE APPLICATIONS, INC. - -
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

-

80 MI SSION DRIVE
PLEASANTON, CA 94566 - - - -

O1CY ATTN SZ
18

- - - -~~~ - 
- 5 -

LT U
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~ 

_~~ _L~~~~ . ~~~~~~~~~~~~~ --•—— ~~~~~~~~ --



-- —-5 
--— —-- • - - ---

SRI INTERNATIONAL
333 RAVENSW000 AVENUE
MEM..O PARK, CA 91+025

O1CY ATTN DONALD NEILSON
O1CY ATTN ALAN BURNS
O1CY ATTN G. SMITH
O 1CY ATTN L. L. COBB
O1CY ATTN DAVID A JOHNSON
O1CY ATTN WALTER G. CHESMJT
O1CY ATTN CHARLES L. RIND
O1CY ATTN WALTER JAYE
O1CY ATTN M. BARON
O1CY ATTN RAY L. LEADABRAND
O1CY ATTN G. CARPENTER
O1CY ATTN G. PRICE
O1CY ATTN J. PETERSON
O1CY ATTN R. HAKE, JR.
O1CY ATTN V. GONZALES
O1CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFOR D, MA 01730

O1CY ATTN W . P. BOQUIST

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

O1CY ATTN R. K. PLEBUCH
P O1CY ATTN S. ALTSCNULER - 

-

01CY ATTN D. DEE

VI SIDYNE , INC.
19 TH I RD AVENUE
NORTH WEST INDUSTRIAL PARK
BURLINGTON, MA 01803

O1CY ATTN CHARLES HUI~ HREY
O1CY ATTN J. W. CARPENTER

S
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IONOSPHERIC MODELING DISTRIBUTION LIST
UNCLASSIFIED ONL Y

PLEASE DISTRIBUTE ONE COPY TO EACH OF THE FOLL~~ ING PEOPLE :

ADVANCED RESEARCH PROJECTS AGENCY (ARPA)
STRATEG IC TECHNOLOGY OFFI CE
ARLINGTON, VIRGINIA

CAPT. DONALD M. LEVINE

NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 2037 5 :

DR. P. t-tANGE
DR. R. ME IER
DR. E. SZLJSZCZEWICZ — CODE 7 1 2 7  

—

DR. TIMOTHY COFFEY — CODE 6 7 0 0

DR. S. OSSAKCYd — CODE 6780
DR. i. GOODMAN — CODE 7560

SCIENCE APPLICATIONS, INC.
1250 PROSPECT PLAZA
LA JOLLA, CALIFORNIA 92037

DR. 0. A. HN-tIN
DR. L. LINSON
DR. 0. SACHS

DIRECTOR OF SPACE AND ENVIRO*ENTAL LABORATORY
NOA.A
BOULDER, COLORADO 80302

DR. A. GLENN JEAN
DR. G. W. ADAMS
DR. 0. N. ANDERSON
DR. K. DAVI ES
DR. R. F . DONNELLY

A. F • GEOPHYSICS LABORATORY
L. G. HANSOM FIELD

— 
BEDFORD, MASS. 01730

DR. T. ELKZNS
DR. W . SW IDER $l~RS. R. SAGALYN
DR. J. M. FORBES
DR. T. J. KENESHEA
DR. U . MRONS

20
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- OFFICE OF NAVAL RESEARCH
800 NORTH QUINCY STREET
ARLI NGTON, VIRGINIA 22217

DR. H. MJLLANEY

CO~44ANDER
NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO, CALIFORNIA 92152

DR. M. BLEI WE ISS
DR. I. ROTHtIJLLER
OR. V. HILDEBRAND
MR. R. ROSE

U. S. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER
BALL 1ST! C RESEARCH LABORATORY
ABERDEEN, MARYLAND

DR. U. HEIMERL

CO~VANDER
NAVAL AIR SYSTEMS COM’IAND
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 203 60

DR. 1. CZUBA

HARVARD UNIVERSITY
HARVARD SQUARE
CAMBRIDGE, MASS . 02138

OR. M. B. MCELROY
DR. R. LINDZEN

PENNSYLVANIA STATE UNIVERSITY
UNIVERSITY PARK, PENNSYLVANIA 16802

DR. U. S. NISBET
a DR. P. R. ROHRBAUGH

DR. 0. E. SARAN
DR. L. A. CARPENTER
DR. M. LEE
DR. R. DIVANY
DR. P. BENNETT

- - -  - DR. E. KLEVANS F -  
-

~~~

21
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UNIVER S ITY OF CAL I FORNIA, LOS ANGELES
1+05 HILLGARD AVENUE
LOS ANGELES, CALIFORNIA 90024

DR. P. V. ~CORCNITI
DR. C. KENNEL

UN IVERSITY OF CALIFORNIA, BERKELEY
BERKELEY, CALIFORNIA 91+720

DR. M. HUDSON

UTAH STATE UNIVERS ITY
4TH N. AND 8TH STREETS
LOGAN, UTAH 84322

DR. P. M . BAN(S
DR. R. HARRIS
DR. V. PETERSON
DR. R. MEGI LL
DR. K. BAKER

CORNELL UN IVERSITY
ITHACA, NEW YORK 11+850

DR. W. E. SWARTZ
DR. R. SUDAN
DR. 0. PARLEY
DR. M. KELLEY
DR. E. OTT

NASA
GODOARD SPACE FLIQIT CENTER
GREENBELT, MARYLAND 20771

DR. S. CHANDRA
DR. K. MAEOO

PRINCETON UNIVERSITY
PLASMA PHYSICS LABORATORY
PRINCETON, NEW JERSEY 08540

DR. F. PERKINS
DR. E. FRIEMON

INSTITUTE FOR DEFENS E ANALYSIS
1+00 ARMY /NAVY DRIVE
ARL I NGTON, VIRGINIA 22202

DR. E. BAUER 
22
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UNIVERSITY OF PITTSBURGH
PITTS8URGH, PA. 15213

DR. !1. ZA8USKY
DR. N. BlOND!


