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LONG WAVELENGTH LIMIT OF INTERCHANGE INSTABILITIES

I. INTRODUCTION

A cousiderable amount of DNA-sponsored research has been directed at
understanding interchange instability processes in the ionosphere. This is
an important topic since thegse instabilities can generate large—scale,
long~lasting plasma structure in the ionosphere which is deleterious to
radar and communications systems. The immediate concern is to understand
structuring mechanisms associated with a HANE in order to obtain a
predictive capability which could aid the operations of these systems in a
auclear environment. To achieve this goal, research has also been carried
out to understand ionospheric structuring in a nomnuclear environment.
This work involves the study of natural structuring processes which occur
during equatorial spread F and in the high latitude ionosphere, as well as
structuring processes associated with artificial plasma cloud releases.
The underlying mechanism believed responsible for structure in all.of these
situations is an interchange instability, i.e., the interchange of high and
low density plasma in the presence of an external force. The instabilities
investigated to date are (1) the Rayleigh~Taylor instability (driven by a
gravitational force), (2) the E x B gradient drift instability (driven by
an ambient electric field or neutral wind), and (3) the current convective
instability (driven by a current parallel to the magnetic field). The
extensive reasearch of these instabilities has entailed both theoretical and
computational asnalyses. The theoretical studies have focussed on the
fundamental linear and nonlinear behavior of the instabilities, while the
computational studies have primarily dealt with the gross evolution of the
plasma in the nonlinear regime. For raviews of this work see Ossakow

(1979), Fejer and Kelley (1980), and Ossakow et al. (1982).
Manuseript approved November 1, 1983.
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A key feature of the structuring of ionospheric plasmas in both
nuclear and non-nuclear environments {s that large-scale structure
develops. It has been observed experimentally and in computer simulations
that the wavelengths of the irregularities that develop (i.e., striations)
are generally comparable to the scale length of the density gradient in the
plasma. However, the majority of theoretical analyses performed thus far
have considered irregularity wavelengths wmuch smaller than the density
gradient scale length, i.e., local theory has been assumed which implies kL
>> 1 where k is the wavenumber and L 1is the scale length of the density
gradient. Recently, the opposite limit has been considezed by Huba and
Zalesak (1983) in a study of the E x B instability and by Huba (1983) in a
study of the current convective instability. The crux of these studies is
that a nonlocal mode equation is derived and solved analytizally for each

instability in the long wavelength limit, i.e., kL << 1. Thus, they

provide 1{insight 1into the 1linear behavior of each instability in the
important “large-scale” regime.

The purpose of this paper is to derive a single, general, r™mlocal
dispersion equation which describes the relevant interchange
instabilities: Rayleigh~-Taylor, E x B gradient drift, and current
convective. The important equilibrium quantities cousidered in the
derivation are gravity, an ambient electric field, a current parallel to
the background magnetic field, and, of course, a density gradient. Simple
analytic expressions of the growth rate for each instability in the long
wvavelength 1limit are presented in both the collisional (v

i

collisionless (u » vy n) regimes, where w is the wave frequency and Vin is

n >> m) and

the fon-neutral collision frequency.
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The organization of the paper is as follows. 1In the next section we
derive the general nonlocal mode equation. In Section III we derive the
nonlocal dispersion equation. In Section IV we present simple analytical
expressions for the growth rates of the various interchange instabilities
in the 1long wavelength 1limit. In the final section we present our

conclusions.

II. DERIVATION OF MODE EQUATION
The plasma configuration and slab geometry used in the analysis are
shown in Fig. la. The ambient magnetic field is in the z direction

-~

(8 = 8, ;z)’ the ambient electric field is in the y direction (E = E, ey),
the ambient current is ian the z direction ({ = JO ;z)’ gravity is in the x
direction (Q =g ;x) and the density is taken to be inhomogeneous in the x
direction (n = no(x)). A collisional plasma is assumed such that

v.i/n‘ «1, venlge K1, v, /8 <1, and “1n/“1 << 1 where a, = eBO/ch
is the cyclotron frequency of species a, Va1 refers to electron—-ion
collisions, Ven to electron-neutral collisiouns, Vie to ion-electron
collisions, and Yia to ion=-neutral collisions. Furthermore, we assume that
“en/ne <« vin/ﬂi in our analysis. Perturbed quantities are assumed to vary
as §p = Sp(x) exp [1(kyy +kz = wt)] and it is assumed that m/ni <1,

kgi < 1, and kz_<< ky, where Py is the mean ion Larmor radius. That 1is,

we consider low frequency, long wavelength, field-aligned perturbations.

We neglect temperature effects. Finally, we consider only electrostatic

oscillations and assume quasi-neutrality (a = a,].




The fundamental equations used in the analysis are continuity,

momentum transfer, and charge conservation, in the neutral frame of

reference:

&4- 9e(nV_ ) =0 (1)

at ~a
0.-%(§+%Yex§—]-Venve-‘ei(ze-zi) (2)
N At ST AR AR @
" = Tagt - 1)) =0 @

where q denotes species (a: electrons, i: ions) and other variabies have
their usual meaning. Note that we have neglected electron lnertia effects
in Eq. (2) but have retained ion inertia effects in Eq. (3). Howevar, we
have assumed 3/3t D> V.,V in Eq. (3) which is Jjustified for the

-4
instabilities under counsideration. The equilibrium drifts are given by

Y,o"° (3
v - v cE -
in_g_ 8 in 0 -
Vg *=—32-e_+ (- +t=—— ] e +V e (6)
0 9 o x 9 8 By 'y d7z

vhere we have taken V, = V, - cEOIB and have chosen the ions to carry the

parallel current (J = eaV 4 ‘z)’
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We now linearize Eqs. (1)-(3) and take n = 0, + 6n, !a = !uO + Gzc,
and E = - V¢ vhere ¢ is the perturbed electrostatic potential. Using Egs.

(2) and (3) we £find chat

c e ¢
GYQ -E-V_pr ez +T—§ VIQ ez (7)
el
.- . P
621 B Vl¢ xe, + 1 91 Vl¢ (8)

which can be written as

- - Q -
(4 o4 - [+ e
GYe iiky¢ ex+§¢ ey +1§;-e—i-kz¢ ez (9
-c s +S M-k B4 geTa .
&V, 3[1k¢+1i¢1e B,kagirp+¢i.ey (10)

vhere g = w + ivin and the prime indicates a derivative with respect to
;. We have neglected collisional effects om the electron motion
perpendicular to B and on the ion motion parallel to B. This is justified
since we have taken venlne << 5/52i which 1s appropriate for ionospheric
conditions in the F regionm.

We pow substitute Eqs. (9) and (10) into Eq. (4) and obtain

kzsz a,
(nge” )'-nk(1+11——1:-)¢
w
y (11)
Q
B "L in
2=k (- +—-— +%kV.,16n =0
5

;.
s
i
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We relate 4n and ¢ using the electron continuity equation and find that

(from Eqs. (1) and (9))

r - - k4 Qe 1
Ln°¢ - (n0¢) + ino k—'-\T— kz¢] (12)
y ‘ei

EkF

fn = %-

Finally, substituting Eq. (12) into Eq. (l1l) we arrive at the mode equation
which describes the interchange instabilities relevant to ionospheric

structuring

7 (13)

The first term in Eq. (13) relates to the mode structure in the x
direction, the second term relates to the mode structure {n the y and z
directions, and the final term contains the driving mechanisms for the
various instabilities (viz., the Rayleigh-Taylor instability (= gng), the
E x B gradient drift dinstability (e Eona), and the current convective
instability « Vdn‘)).
III. ANALYSIS OF MODE EQUATION

As noted in the introduction, the bulk of linear analyses of the
interchange instabilities wunder study have made use of the local
approximation so that only short wavelength modes are considered. That is,
it is assumed that k;Lz » k:Lz >> 1 where L = (3in nolax)‘l is the demsity

gradient scale length and kx = 3/3x. With this assumption one can neglect

the first terms on the LHS of Eq. (13) and obtain a relatively simple
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dispersion equation

Y

cE

~ g “1a <0 1 "°
wwl=(k -k — -k Vg (= =—) (14)
y Qi b4 91 Bo z 4/ kyF o,

where [ = (1 + 1(k§/k3)(91/5)(%/\;“))”2. Equation (14) has beenm
thoroughly analyzed in the literature for each of the instabilities under
consideration (see Qssakow et al. (1982) and references therein). However,
we are considering the long wavelength limit (kL << 1) and Eq. (13) must be
solved in order to obtain the nonlocal dispersion equation.

For simplicity, we consider a density profile with a single

discontinuity at x = 0 (see Fig. lb) given by

oy x>0

ay(x) = (15)
n2 x<0

For x # O, no‘ = 0 and Eq. (13) reduces to

4°° = k21 = 0 (16)
4
where
2
x? g0
R (17)
ky @ vei

the solution to Eq. (16) is taken to be

-k Px k Px
ox) =ge TE+ge7 (18)

R




Since the modes are assumed to be bounded as x + + = we note that

8(x) = (19)
9, 7 x<0

We require that the tangential component of the electric field be

continuous at x = O (Hasegawa, 1971) which means that ¢ is continuous at x
= 0. This is equivalent to requiring that the interface velocity and the
fluid velocity perpendicular to the interface be equal (Chandresekhar,

1961), {i.e., svx is continuous at the discontinuity. Thus, 3 = 4, in Eq.

(19) so that

-k_Ix
boe x>0
#(x) = (20)
k 't
4o y x<0

To abtain the dispersiom equation we integrate Eq. (13) across the

discoutinuity at x = 0. Thus, we have

rdx 22 9k Yta o )
[ (mqe7)ax = [ [agikyr® = <= gk (g & =k 5= g = ¥ Tqdegle = O

Since 4 is continuous across the boundary at x = 0, 1t is found that Eq.

(21) leads to (letting ¢ + 0)
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- . 1 in 770 S
(ag97); = (mgd )2--;‘_;1(1( § -« == g— = &,V (0 = 1,6

(22)

where (1,2) indicate the regions x > O (+¢) and x < O (-g), respectively.

Subscituting Eq. (20) into Ea. (22)

v cE n, -1
g in 70 N 1 2

val=k 2=k ———=—-%k7 'q —— (23)
y ﬂi b4 Qi Bo z d-7% n1 + nz

which 13 the general dispersion equation which describes long wavelength
interchange modes.

It is interesting to compare the short wavelength (i.e., local) and
long wavelength (i.e., nonlocal) dispersion aquatioms, that is, Zqs. (13%)

and (23), respectively. These equations are, in fact, quite similar. We

~ - 2 2 -
define an effective wavenumber k given by k = X [ = (k; + ik:[ﬂi/m;

' \1/2 J

{Qe/vei]JI/ and use the definition of the density gradient scale length

(L = (né/no)‘l) to note the following. The tramsition from the short
wavelength limit to the long wavelength limit can be made by su.stituting
{nl - nz)/[n1 + nz) for [EL)-I in Eq. (l4). By doing this Eq. (23) is
recovered. A significant feature of this substituticn 1is that the
wavenumber dependence of the growth rates in the long and short wavelength
linits will be different. It will be shown that the short wavelength
growth rate 1is independent of k while the loug wavelength growth rate is
proportional to ﬁ‘p where p < 1 and the actual value of p depends upon the
plasma parameters.

Finally, we close this section by rewriting Eq. (23) in a form which
{s in line with ionospheric structuring terminology. That is, we define M

=- nI/nz which can be thought of as the ratio of Pedersen conductivity




inside the plasma cloud to that outside the plasma cloud. With this

definition, Eq. (23) takes the form

v cE

hd L- in 0 - 3 IM - 1 .
wwl= (ky N k, ——Qi —Bo k VR GreT (26)

IV. ANALYTICAL RESULTS

In this section we present analytical expressions for the growth rates
of the interchange instabilities under study in both the collisiomal
{vin >> w) and collisionless limits (w >> vin)' Simplifying assumptions
will be made in order to distill essential parameter scalings of the growth
rates.

A. Collisional Limit {v, > w;

In this limit o = {v,_ and R [kzzlk;]{ne/vei)(ni/vin]. The

general nonlocal dispersion equation is them given by

Y g Via o K, ¥ -1
Yy = - (== - == VT kK L e (25)
ag szint. Q 9 Bk 47y M+l

where the subscript ng{ denotes nonlocal. Instability (i.e., y > Q) can
occur for M > 1 whem g < 0 (Rayleigh-Taylor), Eo >0 (E x B gradient
drift), and Vd > 0 (current convective). We note that the local (short

wavelength) growth rate is given by

- - ! 5_-:'_1_&_.2-k_=v) (26)
Ye 7 2 # B k4
T vinL { b

which i3 independent of ky. The nonlocal (long wavelength) growth rate can

then be expressed as




. M -1
Yoy = &L GFTIT Y, 27

Thus, the growth rates of the collisional interchange instabilities
relevant to ionospheric structuring in the long wavelength 1limit are
directly proportional to ky(u-l)/(tﬁ-l). This limit applies to the low
altitude F region (£ 400 km).

B. Collisionless Limit (w >> v, ]

In this limit & = o so that [ = L + i(ki/k:](ne/vei)(ni/m}- Since 1’
can be a function of w in this case (i.e., for k, finice), the relationship
between the local and nonlocal growth rates is not, in general, as simple
as in the collisional case. We counsider then two limits: %k = 0 and

z
kz # 0. Tor the case kz a 0 the relevant instabilities are the Rayleigh-
Taylor and the E x B gradient drift. For k z 0 the relevant iastability
is the current convective. These resylts apply to the high altitude F
region (2 500 lm).

1. k, =0

In the collisionless flute mode 1limit (kB = 0), we find

that ' = 1 so that the nonlocal, long wavelength growth rate is simply

(from Eq. (24))

Vo €0.1/2 M = 1,91/2
ot BT 4t Gl (29)

Instability can occur for M > 1 when g/L < 0 (Rayleigh-Taylor) and EO/L >0

(E x B gradient drift). Again, we note that the local, short wavelength

growth rate is given by




l-hfi’.)l/z

v, = ( (30)
| ] L L 30
so that
M- 1441/2
Tar = (T, 3D

Thus, in coantrast to the collisional Rayleigh-Taylor and E x B gradient
drifc instabilities, the growth rate of the collisionless long wavelength
sode is proportional to [kyI.(M-l)/(.\ﬁ-l)]]'/Z.

2. k, »0

In the collisionless limit with kz finite we consider only the

current convective instability (i.e., we take g = O and EO = 0). In this
2.,
g
dispersion equation is given by

limit 7% =1 + i{k:/k ﬂe/vei){ni/m} so that the long wavelength, nonlocal

2
K g 0

2 z U % 1/2 M- 1

Al ey (32
ky el

We obtain a2 simple expression for the growth rate by assuming that m/ni <<

[k;/ki)(ne/vei). In this limit Eq. (32) becomes

3 2. Vei M - 1,2
w -+ik;vdﬂi§':—‘(n——r+ ) (33)

We find that

v a,.L v
1/3 2/3 - 1,2/3,°d
.(fvi_)/( /(.“____)/(_)

M+ 1 L (34)

Y] kyt)

12




We can relate this nonlocal growth rate to the maximum local growth

rate Yag which is given by (Chaturvedi and Ossakow, 1981)

Vet U 13 Va

me n‘ 4Vd L
Thus, wve find that
M= 1,42/3
Yoy g[kyl.(——u - 1)] at (36)

where g is a factor of order unity. Thus, the growth rate of the long

wvavelength, collisionless current convective instability is proportional to 1

[kpL(#-1)/ (1) ] 2/3,

V. CONCLGSION

We have derived a general, nonlocal dispersion equation (Eq. (13))
vhich describes the long wavelength limit (kL << 1) of several interchange
instabilities (i.e., Rayleigh-Taylor, Ex3B gradient drift, and current

couvectivae). Analytical expressions for the growth rates of these

inscabilities have been presented in both the collisional (“in > w) and
collisionless (u >> um) regines. An isportant result 1is the scaling
of Yas with 51. and M. These scalings are summarized in Table I. The
implications of this work in regard to ionospheric structuring are

discussed by Zalesak and Huba, and by Wittwer in these proceedings.
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Mg. 1 Plasma configcnuoq and slab geomatry used in the analysis.

Plassa equilibrium quantities and geometry.
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Table 1 — Scaling of growth rates with respect to kand M

Instability Collisional Collisionless
. (uin > ) (o > “in)
. Rayleigh-Taylor kLG 1) RACa= L)H2
; M-1 1/2
E x B gradient drift kLT A3 L(M = 1)1
M -1 v - 12/3
Current convective kyL(M—n} [k L[ T l)

4
3
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T.S. ARMY MATERIAL DRV & READINESS QD
$001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
OLCY AITN ORCLDC J.A. BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7300 BACKLICK ROAD
SLDG 2073
SPRINGFIELD, VA 22130
01CY ATTIN LIBRAAY

DIRECTOR

U.S. ARMY BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MD 21003
OLCY ATTY TECH LIBRARY EDWARD BAICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MORMOUTH, NJ 07703
01CY AITN DOCUMENT COCNTROL

COMMANDER
U.3. ARMY MISSILZ INTELLICENCE AGENCY
REDSTONE ARSENAL, AL 33809

O1CY ATTS JIM GAMBLE

DIRECTOR
T.S. ARMY TRADOC SYSTEMS ANALYSIS ACTIVITY
WHITE SANDS MISSTLE RANGE, M 88002

O01CY ATTN ATAA~SA

O01CY ATTN TCC/P. PAYAN R.

O1CY ATTY ATTA-TAC LIC J. HESSE

COMMANDER
RAVAL ZLECTRONIC SYSTIMS COMMAND
WASHINGTON, D.C. 20360
O01CY ATTN VAVALEX 034 T, HUGHES
0lCY ATIN PME 117
0ICY ATTY PME L17-T
01CY ATTN COVE 5011

COMMANDING OFFICER
MAVAL INTELLIGENCE SUPPORT CTR
4301 SUITLAND ROAD, BLDG. 3
WASHINGTON, D.C. 20390
01CY ATTN MR. DUBBIN STIC 12
01CT ATTN ¥Isc-30
01CY ATTN CODE 5406 J. GALET

COMMANDER
NAVAL OCCEAN SYSTEMS CENTER
SAN DIEGO, CA 92152

OICY ATTY J. FERGUSON




- Ty 5 Y

- p———

NAVAL.RESEARCH LABORATORY
WASHINGTON, D.C. 20373

01CY ATTS CODE 4700 S. L. Ossakow

26 CYS I¥ UMCLASS. 1 CY IF CLASS)
copE 4701 I Vitkovitsky
CoDE 4780 J. Bubs (100
CYS IF UMCLASS, 1 CY IF CLASS)

01CY ATTN CODE 7500
01CY ATTM CODE 7550

ol cY
3002 4

a3

01CY ATTH CODE 7380
01CY ATTN CODE 7551
01CY ATTN CODE 7535
01CY ATTN. CODE 4730 B. MCLEAN
01CT ATTN CODE 4108
01CY ATTN CODE 4730 B. RIPIN
20CY ATTN CODE 2628
COMMANDER

SAVAL SEA SYSTIMS COMMAND
VASHINCTON, D.C. 20362
01CY ATTN CAPT R. PITXIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22443

01CY ATTH CAPT J.H. BURION

OFFICER-1N-CRARGE

WAVAL SURFACE JEAPONS CENTER

WATTEZ 0AK, SILWER SPRING, MD 20920
01CY ATTN CODE P31

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE XAVY
WASNINCTOM, D.C. 20376
01CY ATTN NSP-2l4L
01CY ATTN NSSP-2722 TFEED WIMBERLY

DANLGREN, VA 22448
0LCY ATTX CODE OF~lé R. BUTLER

OFFICER OF MAVAL RESEARCR

ARLINGTOM, WA 22217
01CY ATTR CODE 465
01CY ATTXN CODR 461
01CY ATTN CODE 402
01CY ATTN CODR 420
01CY ATTN CODR 421

COMMANDER
AEROSPACE DEFENSE COMMAND/DC
DEPARTMENT OF THE AIR FORCE
ENT aFs, CO 80912

0LCY ATIN DC MR. LONG

COMMANDER
AEROSPACE DEFENSE COMMAND/IPD
DEPARTMENT OFf THE AIR FORCE
ENT AFB, CO 80912

01CY ATTY IPDQQ

01CY ATIN XP

AIR PORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA OL731

0LCY ATTN OPR EHAROLD GARDNER

01CY ATTY LXB KENNETH S.4. CRAMPION

Q1CY ATTY OPR ALVA T. STAIR
01CY ATTN PHD JURGEN BUCEAU
0LCY ATTN PHD JOHN P. MULLIY

AF WEAPONS LABORATORY

FIRTLAND AFT, ¥M 87117
QLCY ATTN SUL
OLCY ATTY CA ARTHUR B. GUENTRER
01CY ATTN YIICE ILT. G. XRAJEI

AFTAC

PATRICK AFB, FL 32925
01CY ATTN TF/MAJ WILEY
0LCY ATIN TN

AIR FORCE AVIONICS LABORATORY

WRIGAT-PATTERSON AFB, OB 43433
O01CY ATTN AAD WADE HUNT
01CT ATTY AAD ALLEN JOHNSOR

DEPUTY CEIEY OF STAFY?

RESEARCE, DEVELOPMENT, & ACQ

DEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C. 20330
01CY ATTN AFRDQ

HEADQUARTERS

ZLECTRONIC SYSTEMS DIVISION

DRPARTMENT OF THE AIR FORCE

HANSCOM AFE, MA 01731
01CY ATTN J. DEAS

HKEADQUARTERS
ZLECTRONIC SYSTEMS DIVISION/YSEA
DRPARTMENT OF THE AIR FORCE




EEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

O1CY ATTY OCKC MAJ J.C. CLARK

COMMANDER
POREIGH TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OB 45433
O01CY ATITY NICD LIBRARY
O1CY ATTN ETDP B. BALLARD

COMMANDER
ROME AIR DEVELOPMENT CEMTER, AFSC
GRIFFISS AFB, ¥Y 13441
O01CY AITN DOC LIBRARY/TSLD
O1CY ATTN OCSE V. COYNE

SAMS0/SZ

POST :PFICZ 30X 92960

VORLIWAY POSTAL CENTER

LOS ANGELES, CA 30009
(SPACEZ DEFENSE SYSTEMS)
01CY ATTY SZJ

STRATEGIC AIR COMMAND/XPYS

OFFUTT AFS, NB 63113
O1CY ATTN ADWATE MAJ 3RUCE BAUER
01CY ATTY NRT
01CY AITY DOK CHIEF SCIENTIST

SAMSO/SK
P.0. 30X 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTY SKA (SPACE COMM SYSTENMS)
M. CLAVIN

SAMSO/ v
SORTON AFS, CA 92409
(MINUTEMAN)

01CY AITY MOINL

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HAMSCOM AFS, MA 01731

01CY AITN EEP A. LORENTZEN

DEPARTMENT OF ENERGY
LIBRARY ROOM G-042
WASRINGTON, D.C. 203543
OQ1CY AITN DOC CON POR A. LABOWITZ

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.0. BOX 5400
ALBUQUERQUE, M 87115
01CY ATTN DOC CON 7FOR D. SHERWCOD

EG&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809
LOS ALAMOS, M 85544
01CY ATTN DOC CON FOR J. 3REEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P.0. 30X 808

LIVERMORE, CA 94550
O1CY AITY DOC CO¥ FOR TECH INFO DEPT
01CY ATTN DOC CON FOR L-389 R. OTT
01CY AITY DOC COX FOR L-31 . HAGER
01CY ATIN DOC COM FOR L-46 P. SEWARD

LOS ALAMOS NATIONAL LABORATORY
P.0. BOX 1663
LOS ALAMOS, XM 87545

01CY AITN DOC CON FOR J. WOLCOTY
01CY AYTN DOC CON FOR R.P. TASCHEX
01CY ATTY DOC CON FOR Z. JONES
QL1CY ATITN D0C CON F2R .. MALIK
01CY ATTY DOC CON FOR R. JEFFRIZS
01CY AITY DOC CON FOR J. 2INN

01CY AITN DOC CON FOR P. XEATON
01CY ATIN DOC CON FOR D. WESTERVELT
01CY ATTY D. SAPPENFIELD

SANDIA LABORATORIES
P.0. 30X 5800
ALBUQUERQUE, ¥ 87115
O01CY ATTY DOC CON FOR W. BROWY
O1CY ATTY DOC CON FOR A. THORNBROUCH
01CY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DOC CON FOR D. DAHLGREN
01CY ATTN DOC CON FOR 3141
Q1CY AITN DOC CON FOR SPACE PROJECT DIV

SANDIA LABORATORIES

LIVERMORE LABORATCRY

P.0. BOX 969

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR 8. MURPHEY
01CY ATTN DOC CON FOR T. COOK

OPPICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 203543

01CY AITN DOC COM DR. YO SONG

. coa i..-.‘t f"".‘.""\*‘?\"*jﬁ:"“»“M“ o




OTHER GOVERNMENT

DEPARTMENT OF COMMERCE
RATIONMAL BUREAU OF STANDARDS
vASHINCTON, D.C. 20234
01CY (ALL CORRES: ATIX SEC OFFICER POR)

INSTITUTE POR TELICOM SCIENCES
SATTOMAL TELECOMMUNICATIONS & INPO ADMIXN
BOULDER, CO 80303
O01CY ATTN A. JEAN (UNCLASS ONLY)
01CY ATTM W. TTLAOT
01CY ATTN D. CROMBIE
O1CY ATTN L. SERRY

NMATIONAL OCEANIC § ATMOSPHERIC ADMIXN
ENVIROMMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
SOULDER, CO 80302

01CY ATTN R. GRUBB

O01CY ATTY AERONOMY Li8 G. REID

DEPARTMENT JF JEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. 30X 92957

LOS ANGELES, Ca 90009
OLCY ATTN I. GARFUNREL
OlCY ATTN T. SALMI
01CY ATTN V. JOSEPHSON
O1CY AITN S. BOWER
O01CY ATTN D. OQLSEN

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

01CY AITY RADIO SCIENCES

AUSTIN RESEARCH ASSOC., INC.
1901 RUTLAND DRIVE
AUSTIN, TX 787358

Ol1CY ATIN L. SLOAN

01CY ATTY R. THOMPSOM

BERKELEY RESEARCHE ASSOCIATES, INC.
?.0. 30X 983
BRRKELEY, CA 94701

OICY ATTN J. WORKMAN

OlCY ATTS C. PRETTIR

O1CY AITN S. BRECHT

BOEING COMPANY, THE

P.0. BOX 3707

SEATTLE, WA 98124 i
01CY ATTN G. KEISTER :
OLCY ATTY D. MURRAY f
01CY ATTN G. BALL
01CY ATTX J. KEYNEY

CHARLES STARK DRAPER LABORATORY, INC.
$55 TECHENOLOGY SQUARE
CAMBRIDGE, MA 02139

01CY AITN D.B. COX

01CY ATTN J.P. GILMORE

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
QLCY ATTN G. HYDE

CORNELL U¥IVERSITY
DEPARTMENT OF ELZCTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATTN D.T. PFARLEY, JR.

ELECTROSPACE SYSTEMS, INC.
BOX 1359
RICHARDSON, TX 735080
01CY ATIN #. LOGSTON
01CY ATTN SECURITY (PAUL PHILLIPS)

Z0S TECHNOLOGIES, INC.

606 Wilshire 3lvd.

Santa Monica, Calif 90401
O1CY ATTR C.B. GABBARD

E£SL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
OlCY ATTN J. ROBERTS
Q1CY ATTN JAMES MARSHALL

GENERAL ELECTRIC COMPANY
SPACE DIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OP PRUSSIA
P.0. BOX 8335
PHILADELPHIA, PA 19101
01CY ATIN M.H. BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY

P.0. BOX 1122

STRACUSE, NY 13201
OlCY ATTN 7. REIBERT




CEWERAL ELXCTRIC TECR SERVICERS CO., INC.
HMES
COURT STREET
STRACUSE, NY 13201 '
0l1CY ATTN G. MILLMAN

GEOPHYSICAL INSTITUTE

UNTIVERSITY OF ALASKA

PAIRBANKS, AK 99701
(ALL CLASS ATIN: SECURITY OFFICER)
01CY ATTN T.¥. DAVIS (UNCLASS ONLY)
01CY ATTN TECHNICAL LIBRARY.
OLCY ATTIN NEAL 3ROWN (UNCLASS ONLY)

GTE SYLVANIA, [XC.
ELEZCTRONICS SYSTEMS GRP-ZASTERN DIV
77 A STREXT
NEEDHAM, MA 02194
01CY ATTY DICK STEINHOY

01CY ATTN DONALD FANSEN

TLLINOIS, UNIVERSITY OF

107 COBLE RALL

150 DAVENPORT HF0USE

CHAMPAIGN, [L 41820
(ALL CORRES ATTN DAN MCCLELLAND)
O1CY ATTY K. TEIH

INSTITUTE FOR DEFEMSE AMALYSES
1801 ¥0. BEAURECARD STREXT
ALEXANDRIA, WA 22311
01CY ATIN J.M. AEIN
O1CY AITN ERNEST BADER
O1CY ATTN BANS WOLFARD
O01CY ATTN JOEL BENGSTON

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

O1CY ATTN TECANICAL LIBRARY

JATCOR
11011 TORREYANA ROAD
P.0. BOX 85154
SAN DIRGCD, CA 92118
O01CY AITS J.L. SPERLING

JOENS HOPXINS UNTVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPXINS ROAD
LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAMN
0lCY ATITN THOMAS POTEMRA
01CY ATTN JOHM DASSOULAS 4

KAMAN SCIENCES CORP
P.0. 30X 7463 4
COLORADO SPRINGS, CO 80933 §

01CY ATTN T. MEAGHER i

KAMAN TEMPO~C..TTER FPOR ADVANCEID STUDIES
816 STATE STREET (P.0 DRAWER QQ)
SANTA 3ARBARA, CA 93102

01CY ATTN DASIAC

01CY ATTN WARREN S. XMAPP

OLCY ATTN WILLIAM MCNAMARA

01CY ATTN 3. GAMBILL

LINRABIT CORP

10433 ROSELLE

SAN DIEGD, CA 92121
01CY ATTN IRWIN JACOBS

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

0l1CY ATTY DEPT 50-12

01CY ATTY D.2. CHURCHILL

LOCYKHEED MISSTLES & SPACE CO., INC.
3251 HANOVER STRERT
PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT 52-12
01CY ATTN W.L. DMHOF DEPT S52-12
01CY ATTN RICHARD G. JOHMSON DRPT $2-12
01CY ATTN J.B. CLADIS DEPT 52-i2

MARTIN MARIZTTA CORP

ORLANDO DIVISION

P.0. BOX 5837

ORLANDO, FL 32805
01CY ATTN R. HEFFNER

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

01CY ATTR DAVID M. TOWLE

01CY ATTN L. LOUGHLIN
01CY ATIN D. CLARK




MCDONNEL DOUGLAS CORPORATION
5301 BOLSA AVENUE
BUNTINGTON BEACH, CA 92647
O0LCY ATTN N¥. HARRIS
01CY ATTY J. MOULZ
01CY ATIN GEORGE MROZ
O01CY ATTN 4. OLSON
Q1CY ATTY 2.3. HALPRIN
01CY ATTN TECHNICAL LIBRARY SERVICIS

MISSION RESEARCH CORPORATION

735 STATE STREET

SANTA BARBARA, CA 93101
01CY ATTIN P. FISCHER
OlCY ATTN W.P. CREVIER

QICY ATTN STEXVEN L. GUTSCHEE
01CY ATTN R. BOGUSCHE

01CY ATTY R. HENDRICX

01CY ATTY RALPH KIL3

01CY ATTY JAVE SOWLE

O01CY ATIN ?. FAJEN

01CY ATTN M. SCHEIZE
01CY ATTYN CONRAD L. LONGMIRE
JI1CY ATTY 3. <HITE

MISSION IESEARCH CORP.
1720 RANDOLPH ROAD, S.Z.
ALSUQUERQUE, WEW YEXICO 37106
01CY R. STELLINGWERF
01CY M. ALME
01CY L. WRIGRT

MITAE CORPORATION, THE

P.0. BOX 208

BEDFORD, MA 01730
01CY ATTN JORN MORGANSTERN
01CY ATTN G. BARDING
01CY ATTN C.E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BL'D
MCLEAN, WA 22101
O1CY ATTN W. HALL
01CY ATTY W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
12340 SANTA MONICA BLWYD.
LOS ANGEZLES, CA 90025

0lCY ATTN E.C. FIELD, JR.

PENNSYLVANTIA STATE CNIVERSITY
IONOSPHERE RESEARCH LAB
318 EZLECTRICAL EINGINEERING EZAST
ONIVERSITY PARK, PA 16802

(NO CLASS TO THIS ADDRESS)

01CY AITN IOMOSPHERIC RESEARCH LaB

PHOTOMETRICS, INC.
4 ARROW DRIVE
WOBURN, MA 01801
01CY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS, INC.
P.0. BOX 3027
BELLEVE, WA 98009

01CY ATTY 2.J. FREMOUW

PHYSICAL DYNAMICS, INC.

P.0. BOX 10367

OAKLAND, CA 94610
ATTN A. THOMSON

R & D ASSOCIATES

P.0. 30X 9695

MARINA DEL REY, CA 30291
Q1CT ATTN FORREST GILMORE
01CY ATTN WILLIAM 3. WRIGHT, .R.
Q1CY ATTN R0BERT P. LELEVIER
01CY ATTY WILLIAM J. XARZAS
01CY ATIN H. ORY
Q1CY ATTIN C. MACDONALD
Q1CY ATTN R. TURCO
01CY ATTN L. DeRAND
01CY ATTN W. TSAL

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
QLCY ATTN CULLEN CRAIN
0ICY ATTN ED 3EDROZIAN

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

01CY ATTN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
330 WEST 42ad STREET
NEW YORK, ¥Y 10036

01CY ATTN VINCE TRAPANI




SCIENCE APPLICATIONS, INC.
1150 PROSPECT PLAZA

LA JOLLA, CA 92037

01CY ATTN LEWIS M. LINSON
01CY ATTN DANIEL A. BAMLIN
01CY ATTIN E. FRIDMAN

0lCY AITN f.A. STRAKER
01CY AITN CURTIS A. SMITR
01CY ATTN JACX MCDOUGALL

SCIENCE APPLICATIONS, I[NC
1710 GOODRIDGE DR.
MCLEAN, WA, 22102

ATTN: J. COCKAYNE

SRI INTERNATIONAL

333 RAVENSUOOD AVENUE

MENLO PARK, CA 940235
o1cy DONALD NEILSON
91CY ALAN BURNS
o1cYy G. SMITH
alcy R. TSUNODA
g1CcY DAVID A. JOHNSON
oy WALTER G. CHESNUT
01CY CHARLES L. RINO
o1CcY WALITER .AYE
oicy J. VICKREY
a1cY ZAY L. LEADABRAND
oicy G. CARPENTER
a1cy G. PRICEZ
o1cY R. LIVINGSTON
owcy V. GONZALZS
01CcY D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

0LCY ATTN W.P. BOQUIST

TOYON RESEARCH CO.

P.0. Box 6890

SANTA BARBARA, CA 93111
01CY ATTY JOHN ISE, Jm.
O01CY ATTIN JOEL GARBARINO

TRW DEFENSE & SPACE SYS GROUP

ONE SPACE PARK

REDONDO BEACH, CA 90278
O1CY ATIN R. K. PLEBUCE
01CY AITN S. ALTSCHULER
OlCY AITY D. DEE
01CY AITY D/ STOCKJELL

SHTY/1573

VISIDYNE

SOUTH 3EDFORD STREET

BURLINGTON, MASS 01803
O01C¥ ATTIN W. REIDY
01CY ATTN J. CARPENTYR
01CY ATTY C. HUMPHREY







