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INFLUENCE OF COLLISIONS ON THE MAGNETIZED ION-ION INSTABILITY

I. INTRODUCTION

~ The subject of microinstabilities, and their influence on early time
:;:i HANE phenomena, had been of great interest to the DNA community in the
:'j S early to mid 707s. A considerable amount of work performed at NRL
:,:‘,’ ) indicated that microinstabilities could substantially enhance the transport
\: . of momentum and energy between debris and air plasmas over classical
‘:' processes through "anomalous"” wave-particle interactions (Lampe et al.,
‘.‘: 1975). Renewed interest in this area has recently been generated by the
:_;:}" DNA/NRL laser experiment. One of the purposes of this experiment is to
::! identify and understand the ©processes that could 1lead to the
"collisionless"” coupling of debris—air plasma, such as microturbulence. To
:'_:",_ this end, a number of authors have suggested parameter regimes relevant to
-"‘J‘:: the laser experiment in which one or more plasma instabilities could be
_:.:: K excited (Longmire et al., 1981; Tsai et al., 1982; Smith and Huba, 1983;
E}j Brecht and Ambrosiano, 1983). The focus of these efforts has been on the
’\: collisionless regime which 1is relevant to HANEs. However, the laser
:’_‘:'_4 experiment has the flexibility to explore a broad range of parameters, and
‘4.:\,3 can therefore operate not only in the collisionless regime but also in the
‘ collisional regime. Thus, it 1s possible that collisional effects could
\'. play a role in the onset and/or behavior of several microinstabilities that
-

.

may be excited in certain parameter regimes.

ql‘
7

. The purpose of this paper is to explore the influence of collisions

A

(viz., electron-ion and ion-mneutral) on the magnetized ion-ion instability

LAARFAA
Q,‘(L{‘ 4{

(Papadopoulos et al., 1971). We find that collisions can have a dramatic

effect on the 1linear behavior of the magnetized ion-ion 1instability.

1,58 Manuscript approved January 25, 1984,
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SN
ilc; Loosely speaking, ion-neutral collisions have a stabilizing influence
!.\ ..
f;c; (i.e., they can produce damped modes (y < 0)) while electron-ion collisions
AN
[ - have a destabilizing influence (i.e., they can lead to unstable modes in
_:%:; regimes 1In which the collisionless magnetized ion-ion instability is
\'_x:
N stable). .
The organization of the paper is as follows. In the next section we
o
:~$} derive the dispersion equation for the magnetized ion-ion instability in
N\
N
o the presence of electron-ion and ion-meutral collisions. In Section III we
L
\ present numerical results of the effects of these collisions on the insta-
¥ & '
T
;ﬁﬁ bility. Finally, in the last section we summarize our results and discuss
Ny
:;2$ the implication of these results on the debris—air coupling process.
2Py
JN
i?i I1I. DERIVATION OF DISPERSION EQUATION
,vfj The plasma configuration and slab geometry used in the analysis 1is
%
_ a'; shown 1in Fig. 1. The ambient magnetic field is in the =z
'*tf direction (g = Bo ez). Two counterstreaming ion species are considered
N
A tﬁ which are taken to be, for simplicity, the same type of ions of the same
e
s density. We work in the electron frame of reference so that yOe = 0, and
Y
e (L . (2) . _ .
ﬂb, V01 V0 and VOi VO’ where VOa is the equilibrium velocity of the a
N
'$:ﬁ species and the superscripts refer to the different ion distributions. We
s
(L . (2) .
B take Rog no Znoe where N5, is the equilibrium density of the a
3
;ﬂ:j species. Perturbations are taken of the form §p ~ Sp exp[i(ky - wt)]. We
Y
¥
:g:ﬁ agsume 91 <K w <L Qe’ eri >> 1, and ere << 1 where Qa is the <cyclotron
I:;' frequency and Tla is the mean Larmor radius of species a. We assume that
"
*’
,‘; the 1ions are cold (Vo > vi) (i.e., we neglect ion Landau damping) and
vl
Jt? unmagnetized. The electrons are strongly magnetized. We consider
AN
' collisions between ions and neutrals (vin], and between electrons and ions
R
’b{ (“ei)' We assume weak collisions (.e., v, << Q, and vy K Qg). Ve
~
AN Yoy
N2 2
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4
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neglect ion-ion collisions in the instability analysis since their effect

2_2

is to "demagnetize” the ions when v 1k Ty > Qi (Dougherty, 1964).

i

The basic equations considered in the analysis are continuity,

momentum transfer, Poisson”s equation and Ampere’s law:

ana
— s e = 1
at v (na Ya) 0 &
(L
av
i e o o_ (1) (D)
dc m, E-vin Y (2
(2)
av
i e - _ (2) ,(2)
dt w E-vin' Y 3
dY'e e 1
dt ='-E(E-F-Ezexg)—‘)eive (4)
VeE = 4n (ni - ne] (3
VxB= -?— J (6)

We linearize Eqs. (1)=(6) by taking n, - 00y + Gna, ya = yOu + Gya,

B = §0 + 8B, E= -V - c-laé/at and 6B =V x A. Note that we are
incorporating electromagnetic effects in the dispersion equation by
allowing fluctuating magnetic field perturbations. For simplicity we are
considering perturbed potentials (¢ and A) instead of perturbed fields. We
also are using the Coulomb gauge VeA = O.

The perturbed velocities are given by

(1) _ e ko "
8V - e (7N
i mi w kVo + ivin y ]

LR L B R )
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w +
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e
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Gge 1 B ko ex

Substituting Eqs. (7)-(9) into the continuity equation (Eq. (1)) we obtain

the perturbed densities

sl = (D & _k ks

Oi m,ow - kVO w - kVO + ivi

(2) e _k

kd
Oi m1 w + kVo w + kVO + ivin

2
ei k k
(1+12h s 154

Q c

e
We now make the appropriate substitution of &n and 6V into Poisson”s
equation and Ampere”s law (Eqs. (5) and (6)) and obtain the following
dispersion equation after some algebraic manipulation

2 2 2

mpe -1,, Vet mpe \ fpe
D(w,k) = 1 + (1 +-5=) (1 + == 5
e

Q w ¢k
e

2 i3]
®9

- - = (0
{w = kVyJlo = kVy + dv, ] (o +kVp){e +kVy +iv, )




ei
Vi * 0. It is clear from Eq. (13) that collisions alter the structure of

Equation (13) reduces to the correct collisionless limit when v = 0 and 1
A

the dispersion equation for the magnetized ion-ion instability. !

II1. NUMERICAL RESULTS

In order to understand the effects of collisions on the instability we
rewrite Eq. (13) in dimensionless form and solve it numerically. That is,

we consider

A A Vai 2V§
D(w, k) = 1 + 1 —— + ——
w k
- —== .l = = - == -1 = = =0 (14)
(0 = kK)(w -k + 1vin) (0 + k(0w + &k + 1vin)
where w = w/wo, Vg * vei/mo, Vig = vin/wo, vy = VO/VA’ k =k Voﬂno and
VA - BOI(A"n01 i) 1/2 1s the Alfven velocity. We consider the influence of

ion-neutral and electron—-ion collisions separately.
A. Ion-neutral Collisions
We consider v, # 0 and v = 0. We also take V, >> V5 so that
in ei
electromagnetic corrections can be neglected and take mpz > Qi for
simplicity. The dispersion equation is then

D(w, k) = 1 = et - ot —— =0 (15

(m - k)(w -k + i;in) (w +k)(w + i + ivin)

We plot Y vs. Vo for k = 0.86 1in Fige 2 (solid line). The wavenumber

chogsen yields the maximum growth rate in the collisionless limit. The

major result of Fig. 2 1is the stabilizing influence of ion-neutral

collisions. As Yin increases the growth rate decreases monotonically and

e el RIS TR L e e e e e e T s e e e e e e T e e o
P . I I I R R NI YAy -~. .t \.’. .- ..- ......... . \ .‘ _.. :. - - -‘ “» \‘
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2

Y
s
1. eventually becomes negative for vin > 1. We note that the imaginary part :1
") -~ A

' 1
*ort of the denominator in Eq. (15) is proportional to 2y + Yin® Taking 3
' o, B
{\‘ 2Y + Vi, = constant = ! we find that vy = (1 - vin)/z which is plotted in !
:Q: Fig. 2 (dashed line). Thus, this simple expression yields a relatively
# ‘-

> 1
\:;: good value for the collisional growth rate. 4

B. Electron-ion Collisions I

.\::‘ -~ ~ -
ANE) We now consider vV ., # 0 but take v, = 0, Again we take w 2 >> 92 -
- ei in pe e d
DA
r-'_te for simplicity but retain electromagnetic corrections. The dispersion ‘

: equation is given by

o o

123 - 52

f-.‘ DLZ»,Q)=1+12%¥+2Y—2-A1.2-.1-2=o (16) ;
- w kK® (9 - k) (0 + k) ]

&

- ~ . - ]

_:;:; In Fig. 3 we plot Y vs. k for several values of vei (sp_ecifically, {

-t::E ;ei = 0.0, 0.1, 1.0, and 10.0). We have taken V, >> V,; so that electro-

N magnetic effects are neglected. The collisionless growth rate (;ei = 0) 1

:_.E attains a maximum value ; = 0,5 at i = 0,86 and is stable for i > 1l.41

:":f (i.e., Y =0). However, for finite ;ei two effects occur. First, the

] value of wmaximum growth decreases from the maximum collisionless value.

:{;_g Second, and wmore 1interesting, the range of unstable wavenumbers is

f‘:; increased over the collisionless case and the 'hard" collisionless cut-off

o8 at k = 1.41 has become "soft". In fact, for ;ei > 1 the most unstable

;-' modes shift to short wavelengths, 1i.e., l: > 1. Thus, electron-ion

::':: collisions can be thought of as being destabilizing.

: In Fig. 4 we plot Y vs. k for Vg = 2.0 and ¥_, = 0.0, 1.0, 10.0. For

:*: ;ei = 0 we find that ; =0, {.e., the modes are stable because of electro-

:::E magnetic effects. However, as ;ei increases short wavelength modes

:g; U: 2 1.0) are destabilized (; > 0)J. And for relatively large ;ei’ such

Aty

3

s"'; 6

R I SR I )

0. R YA PUES St e
ORI ~ $f\- \".'-‘.\' W - o _..- .'.‘
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as v, = 10.0, the growth rate is substantial (Y = 0.3). Thus, the "hard”

electromagnetic cut-off is mitigated by electron—ion collisions and waves

can grow that are stable in the collisionless regime.

IV. DISCUSSION

We have made a preliminary investigation of collisional effects on the
magnetized ion-ion instability. We find that ion-neutral collisions have a

stabilizing influence on the instability in that they stabilize all growing

modes for sufficiently large values (i.e., Vin > 1.0). On the other hand,

electron—~ion collisions have a destabilizing influence on the instabilit;

in that modes that were stable in the collisionless regime can become

unstable for Vei finite.

We now consider the relevance of these results as they could apply to

the DNA/NRL laser experiment. The experiment has the flexibility that it
can survey a broad range of densities, and therefore a broad range of
collision frequencies. The most important collisions to be considered are
electron-ion. Ion-neutral collisions are probably unimportant because the
coupling shell appears to be almost completely ionized (McLean, private
communication). We show the values of vei for n = 1014, 1015, 1016 cm-3
and T, = 10 eV, w, for By = 4 kG, and the ratio veiﬁuo in Table I.
Clearly, a wide range of vei/m0 can occur in the laser experiment. Thus,
the linear behavior of the magnetized ion-ion instability could be altered
by collisions and this effect may be observable in the laser experiment.

The more important question to consider though 1s, what 1is the

relevance of these results to momentum coupling? The criteria that come to

bear on this question are the following:

S o o o A BB ok kit




s i" ‘_v'-_' 7"]_' eY YT Y YTV _w w0

Vei > wg 5

‘ Van Vi |
E;S The first inequality is necessary since for Vi < W collisions do not seem ;
2 to affect the instability significantly. The second criteria requires that ?
éjs the anomalous collision frequency between lons be greater than binary ion- :
Eﬁ; ion collisions, that is, we want anomalous collisional effects to dominate 5
f{; Coulomb collisional effects. Taking Voo ¥ 0.1 wq and Vig ” (me/mi)I/Z

::; vei’ we find that the two criteria can be combined to give
R
. (;e—)l/z<;—ei< 0.1

% ! N

%0

j&i so that only a limited range of n, Tos» and By satisfy this condition.
.J‘. Thus, although electron-ion collisions can significantly alter the linear
":E behavior of the magnetized ion-ion instability (drive collisionlessly
v :E stable modes unstable), this effect should only have a minimal impact of

A enhancing the momentum coupling of the debris—air plasmas.

;33 Finally, collisional effects «could also be important to other

:Aﬁ instabilities such as the modified two stream and the unmagnetized fon—ion

e

instability, and should be investigated. Also, a more complete analysis,

i.e., including thermal effects, is probably worthwhile.
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Table I
-3 -1 -1
n(cm Vei[sec ) wy(sec 7) Vay /9
1016 2 x 1010 2 x 107 10.0
1013 2 x 107 2 x 10° 1.0
1014 2 x 108 2 x 10° 0.1

10 eV; Bo = 4 kG
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Plot of vy vs. k for Veg = 0.0, 0.1, 1.0, and 10.0. Equation (16)
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= 0,0, 1.0, and 10.0. The

Plot of vy vs. k for V0 = 2,0 and v

ei

growth rate for v , = 0.0 is vy = 0. Note the "destabilizing"

ei

influence of electron~ion collisions.
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01CY ATTN JPST G. GOETZ

CHIEF
LIVERMORE DIVISION FLD COMMAND DNA
DEPARTMENT OF DEFENSE
LAWRENCE LIVERMORE LABORATORY
P.0. BOX 808 ’
LIVERMORE, CA 94550

01CY ATTN FCPRL

COMMANDANT

NATO SCHOOL (SHAPE)

APO NEW YORK 09172
0I1CY ATIN U.S. DOCUMENTS OFFICER {

UNDER SECY OF DEF FOR RSCH & ENGRG
DEPARTMENT OF DEFENSE
WASHINGTON, D.C. 20301

0lCY ATTN STRATEGIC & SPACE SYSTEMS (0S)

WWMCCS SYSTEM ENGINEERING ORG -
WASHINGTON, D.C. 20305 .
01CY ATIN R. CRAWFORD .

COMMANDER/DIRECTOR

ATMOSPHERIC SCIENCES LABORATORY

U.S. ABMY ELECTRONICS COMMAND

WHITE SANDS MISSILE RANGE, NM 88002
01CY ATIN DELAS-EQO F. NILES
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DIRECTOR

BMD ADVANCED TECH CIR

HUNTSVILLE OFFICE,

P.0. BOX 1500

HUNTSVILLE, AL, 35807
01CY ATTN ATC-T MELVIN T. CAPPS
01CY ATIN ATC~0 W. DAVIES
01CY ATTN ATC-R DON RUSS

PROGRAM MANAGER
BMD PROGRAM OFFICE
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
OICY ATTN DACS-BMT J. SHEA

CHIEF C-E- SERVICES DIVISION
U.S. ABMY COMMUNICATIONS CMD
PENTAGON BM 1B269
WASHINGTON, D.C. 20310
0ICY ATTN C- E-SERVICES DIVISION

COMMANDER .
FRADCOM TECHNICAL SUPPORT ACTIVITY
DEPARTMENT OF THE ARMY
FORT MONMOUTH, N.J. 07703
01CY ATTN DRSEL-NL-RD H. BENNET
01CY ATTN DRSEL-PL-ENV H. BOMKE
0ICY ATTN J.E. QUIGLEY

COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

01CY ATIN CCC-EMEO GEORGE LANE

COMMANDER
U.S. ARMY FOREIGN SCIENCE & TECH CTR
220 7TH STREET, NE
CHARLOTTESVILLE, VA 22901
01CY ATIN DRXST-SD

COMMANDER
U.S. ARMY MATERIAL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

01CY ATIN DRCLDC J.A. BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
BLDG 2073
SPRINGFIELD, VA 22150
01CY ATTN LIBRARY

OO s O G YA A
L]

DIRECTOR

U.S. ARMY BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MD 21005
01CY ATTN TECH LI3RARY EDWARD BAICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MONMOUTH, NJ 07703

01CY ATTIN DOCUMENT CONTROL

COMMANDER .
U.S. ARMY MISSILE INTELLIGENCE AGENCY
REDSTONE ARSENAL, AL 35809

01CY ATIN JIM GAMBLE

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

01CY ATTIN ATAA-SA

01CY ATTN TCC/F. PAYAN JR.

01CY ATTIN ATTA-TAC LTC J. HESSE

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
WASHINGTON, D.C. 20360
01CY ATTN NAVALEX 034 T. HUGHES
01CY ATIN PME 117
01CY ATTN PME 117-T -
0I1CY ATTN CODE 5011

COMMANDING OFFICER
NAVAL INTELLIGENCE SUPPORT CIR
4301 SUITLAND ROAD, BLDG. 5
WASHINGTON, D.C. 203%0
01CY ATTN MR. DUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTR CODE 5404 J. GALET

COMMANDER
NAVAL OCCEAN SYSTEMS CENTER
SAN DIEGO, CA 92152

01CY ATTN J. FERGUSON
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NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375
01CY ATTN CODE 4700 S. L. Ossakow
26 CYS IF UNCLASS. 1 CY IF CLASS)
O1CY ATTN CODE 4701 I Vitkovitsky
01CY ATTN CODE 4780 J. Huba (100
CYS IF UNCLASS, 1 CY IF CLASS)
01CY ATTN CODE 7500

01CY ATTN CODE 7550
01CY ATTN CODE 7580
01CY ATTN CODE 7551
01CY ATTN CODE 7555
OLCY ATTN CODE 4730 E. MCLEAN
OICY ATIN CODE 4108
OICY ATTN CODE 4730 B. RIPIN
20CY ATIN CODE 2628
COMMANDER

NAVAL SEA SYSTEMS COMMAND -
WASHINGTON, D.C. 20362
01CY ATTIN CAPT R. PITRIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22448

01CY ATTN CAPT J.H. BURTON

OFFICER-IN-CHARGE

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MD 20910
01CY ATTN CODE F3l .

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376
01CY ATTN NSP-2141
01CY ATTN NSSP-2722 FRED WIMBERLY

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448
01CY ATTN CODE DF-14 R. BUTLER

OFFICER OF NAVAL RESEARCH
ARLINGTON, VA 22217
OICY ATTN CODE 465
01CI ATTN CODE 461
O1CY ATTN CODE 402
01CY ATTN CODE 420
01CY ATTN CODE 421

FvT MEAARIAA Sl SR A v R i B A e i N N

COMMANDER _
AEBOSPACE DEFENSE COMMAND/DC
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

0I1CY ATIN DC MR. LONG

COMMANDER
AEROSPACE DEFENSE COMMAND/XED
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

01CY ATIN XPDQQ

01CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
0I1CY ATTN OPR HAROLD GARDNER
0ICY ATTN LKB KENNETH S.W. CHAMPION
OI1CY ATTN OPR ALVA T. STAIR
01CY ATTN PHD JURGEN BUCHAU
0ICY ATTN PHD JOHN P. MULLEN

AF WEAPONS LABORATORY
KIRTLAND AFT, NM 87117
01CY ATTN SOL
01CY ATTN CA ARTHUR H. GUENTHER
0ICY ATTN NTYCE ILT. G. KRAJEI

AFTAC

PATRICK AFB, FL 32925
01CY ATTN TF/MAJ WILEY
01CY ATIN IN

AIR FORCE AVIONICS LABORATORY
WRIGHT-PATTERSON AFB, OH 45433
0I1CY ATTN AAD WADE HUNT
01CY ATIN AAD ALLEN JOHNSON

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF TRE AIR FORCE
WASHINGTON, D.C. 20330

01CY ATIN AFRDQ

HEADQUARTERS

ELECTRONIC SYSTEMS DIVISION

DEPARTMENT OF THE AIR FORCE

HANSCOM AFB, MA 01731
0ICY ATIN J. DEAS

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YSEA
- DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01732

01CY ATIN YSEA
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HEADQUARTERS .
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
BANSCOM AFB, MA 01731

0ICY ATTN DCKC MAJ J.C. CLARK

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433
01CY ATIN NICD LIBRARY
01CY ATTN ETDP B. BALLARD

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13441
01CY ATTN DOC LIBRARY/TSLD
01CY ATTN OCSE V. COYNE

SAMSO/SZ

POST OFFICE BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)
01CY ATIN sSZJ

STRATEGIC AIR COMMAND/XPY¥S

OFFUTT AFB, NB 68113
01CY ATTN ADWATE MAJ BRUCE BAUER
01CY ATIN NRT
01CY ATTN DOK CHIEF SCIENTIST

SAMSO/SK
P.0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTIN SKA (SPACE COMM SYSTEMS)
M. CLAVIN

SAMSO/MN
NORTION AFB, CA 92409
(MINUTEMAN)

01CY ATTN MNNL

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

0ICY ATIN EEP A. LORENTZEN

DEPARTMENT OF ENERGY
LIBRARY ROOM C~042
WASHINGTON, D.C. 20545
01CY ATTN DOC CON FOR A. LABOWITZ
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DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.0. BOX 5400
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR D. SHERWOOD

EG&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809
LOS ALAMOS, NM 85544
O1CY ATIN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P.0. BOX 808

LIVERMORE, CA 94550
01CY AITN DOC CON FOR TECH INFO DEPT
O01CY ATTN DOC CON FOR L-389 R, OTT
01CY ATTN DOC CON FOR L-31 R. HAGER
OICY ATTN DOC CON FOR L-46 F. SEWARD

LOS ALAMOS NATIONAL LABORATORY

P.0. BOX 1663

LOS ALAMOS, NM 87545
O01CY ATTIN DOC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R.F. TASCHEK
01CY ATTN DOC CON FOR E. JONES
01CY ATTIN DOC CON FOR J. MALIK
01CY ATTN DOC CON FOR R. JEFFRIES .
01CY ATIN DOC CON FOR J. ZINN
01Ct ATTN DOC CON FOR P. KEATON
01CY ATTN DOC CON FOR D. WESTERVELT
0ICY ATTN D. SAPPENFIELD

SANDIA LABORATORIES
P.0. BOX 5800
ALBUQUERQUE, NM 87115
OLCY ATTN DOC CON FOR W. BROWN
01CY ATTN DOC CON FOR A. THORNBROUGH
OICY ATIN DOC CON FOR T. WRIGHT
01CY ATTN DOC CON FOR D. DAHLGREN
01CY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJECT DIV

SANDIA LABORATORIES

LIVERMORE LABORATORY

P.0. BOX 969

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

OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

01CY ATTN DOC CON DR. YO SONG

FIITEFTITEORIATR
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OTHER GOVERNMENT

DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHRINGTON, D.C. 20234
0lcY (ALI, CORRES: ATIN SEC OFFICER FOR)

INSTITUTE POR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
BOULDER, CO 80303
01CY ATTN A. JEAN (UNCLASS ONLY)
01CY ATTN W. UTLAUT
01CY ATTN D. CROMBIE
O1CY ATTN L. BERRY

NATIONAL OCEANIC & ATMOSPEERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRUBB

0ICY ATTN AERONOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. BOX 92957

LOS ANGELES, CA 90009
01CY ATTN I. GARFUNKEL
01CY ATTN T. SALMI
01CY ATIN V. JOSEPHSON
01CY ATTN S. BOWER
01CY ATIN D. OLSEN

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

01CY ATTIN RADIO SCIENCES

AUSTIN RESEARCH ASSOC., INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78758

01CY ATTN L. SLOAN

01CY ATTIN R. THOMPSON

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

01CY ATTN J. WORKMAN

0l1CY ATTIN C. PRETTIE

01CY ATIN S. BRECHT

BOEING COMPANY, THE

P.0. BOX 3707

SEATTLE, WA 98124
01CY ATIN G. KEISTER
01CY ATTN D. MURRAY
01CY ATIN G. HALL
0ICY ATIN J. KENNEY

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

0ICY ATTN D.B. COX

O1CY ATTN J.P. GILMORE

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATIN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATTN D.T. FARLEY, JR.

ELECTROSPACE SYSTEMS, INC.
BOX 1359
RICHARDSON, TX 75080
01CY ATIN H. LOGSTON
01CY ATTN SECURLITY (PAUL PHILLIPS) _

EOS TECHNOLOGIES, INC.

606 Wilshire Blvd.

Santa Monica, Calif 90401
01CY ATIN C.B. GABBARD

ESL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
0ICY ATIN JAMES MARSHALL

GENERAL ELECTRIC COMPANY
SPACE DIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P.0. BOX 8555
PHILADELPHIA, PA 19101
01CY ATIN M.HM. BORTNER SPACE SCI LA3

GENERAL ELECTRIC COMPANY
P.0. BOX 1122
SYRACUSE, NY 13201

01CY ATIN F. REIBERT
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GENERAL ELECTRIC TECH SERVICES Co., INC.
HMES
COURT STREET
SYBACUSE, NY 13201
01CY ATTN G. MILLMAN

. GEOPHYSICAL: INSTITUTE

UNIVERSITY OF ALASKA

FAIRBANKS, AK 99701 -
(ALL CLASS ATTN: SECURITY OFFICER)
0ICY ATTN T.N. DAVIS (UNCLASS ONLY)
01CY ATTN TECHNICAL LIBRARY
O1CY ATTN NEAL BROWN (UNCLASS ONLY) |

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP~EASTERN DIV
77 A STREET
NEEDHAM, MA 02194
0LCY ATTN DICK STEINHOF

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 01730
0I1CY ATTN DONALD HANSEN

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

150 DAVENPORT HOUSE

CHAMPAIGN, IL 61820
(ALL CORRES ATTN DAN MCCLELLAND)
01CY ATIN K. YEH

INSTITUTE FOR DEFENSE ANALYSES
1801 NO. BEAUREGARD STREET
ALEXANDRIA, VA 22311
01CY ATIN J.M. AEIN
01CY ATTN ERNEST BAUER
01CY ATTN HANS WOLFARD
01CY ATIN JOEL BENGSTON

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

01CY ATTN TECHNICAL LIBRARY

JAYCOR
11011 TORREYANA ROAD
P.0. BOX 85154
SAN DIEGO, CA 92138
01CY ATIN J.L. SPERLING

20

JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAD

LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAN
0ICY ATTN THOMAS POTEMRA
01CY ATTN JOHN DASSOULAS

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

0I1CY ATIN T. MEAGHER

KAMAN TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.0 DRAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTIN DASIAC

01CY ATTN WARREN S. KNAPP

01CY ATTN WILLIAM MCNAMARA

0ICY ATIN B. GAMBILL

LINKABIT CORP

10453 ROSELLE

SAN DIEGO, CA 92121
0ICY ATTN IRWIN JACOBS

LOCKHEED MISSILES & SPACE CO., INC
P.0. BOX 504
SUNNYVALE, CA 94088 ;
01CY ATTN DEPT 60-~12
0ICT ATIN D.R. CHURCHILL

LOCKHEED MISSILES & SPACE CO., INC.
3251 HANOVER STREET
PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT 52-12
01CY ATIN W.L. IMHOF DEPT 52-12
OICY ATTN RICHARD G. JOHNSON DEPT 52-12
01CY ATTN J.B. CLADIS DEPT 52-12

MARTIN MARIETTA CORP
ORLANDO DIVISION
P.0. BOX 5837
ORLANDO, FL 32805
01CY ATIN R. HEFFNER

M.I.T. LINCOLN LABORATORY

P.0. BOX 73

LEXINGTON, MA 02173
01CY ATTIN DAVID M. TOWLE
01CY ATIN L. LOUGHLIN
01CY ATIN D. CLARK
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MCDONSEL DOUGLAS CORPORATION
5301 BOLSA AVENUE

HUNTINGTON BEACH, CA 92647
01CY ATIN N. HARRIS
01CY ATIN J. MOULE
01CY ATTN GEORGE MROZ
01CY ATIN W. OLSON
01CY ATIN R.W. HALPRIN
01CY ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01CY ATTN W.F. CREVIER
0I1CY ATTN STEVEN L. GUTSCHE
Q1CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTIN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATIN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN B. WHITE

MISSION RESEARCH CORP.
1720 RANDOLPH ROAD, S.E.
ALBUQUERQUE, NEW MEXICO 87106
0I1CY R. STELLINGWERF
0ICY M. ALME
0I1CY L. WRIGHT

MITRE CORPORATION, THE

P.0. BOX 208

BEDFORD, MA 01730
OICY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
0LCY ATTN C.E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN W. HALL
01CY ATTIN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
12340 SANTA MONICA BLVD.
LOS ANGELES, CA 90025

01CY ATIN E.C. FIELD, JR.

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

(NO CLASS TO THIS ADDRESS)

01CY ATTN IONOSPHERIC RESEARCH LAB

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

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

01CY ATTN E.J. FREMOUW

PHYSICAL DYNAMICS, INC.

P.0. BOX 10367

OAKLAND, CA 94610
ATTN A. THOMSON

R & D ASSOCTATES

P.0. BOX 9695 .

MARINA DEL REY, CA 90291
0ICY ATTN FORREST GILMORE

0ICY ATTN WILLIAM B. WRIGHT, JR.

01CY ATTN ROBERT F. LELEVIER
01CY ATTN WILLIAM J. KARZAS
01CY ATIN H. ORY

0ICT ATTN C. MACDONALD

0ICY ATIN R. TURCO

01CY ATTN L. DeRAND

0ICY ATTIN W, TSAIL

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
0I1CY ATTN CULLEN CRAIN
01CY ATTN ED BEDROZIAN

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

O1CY ATTN BARBARA ADAMS

RIVERSINDE RESEARCH INSTITUTE
330 WEST 42nd STREET
NEW YORK, NY 10036

01CY ATTN VINCE TRAPANIL
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SCIENCE APPLICATIONS, INC.

1150 PROSPECT PLAZA

LA JOLLA, CA 92037
01CY ATTIN LEWIS M. LINSON
01CY ATTN DANIEL A. HAMLIN
01CY ATIN E. FRIEMAN
01CY ATIN E.A. STRAKER
Ol1CY ATTN CURTIS A. SMITH
01CY ATIN JACK MCDOUGALL

SCIENCE APPLICATIONS, INC
1710 GOODRIDGE DR.
MCLEAN, VA 22102

ATTN: J. COCKAYNE

SRI INTERNATIONAL

333 RAVENSWOOD AVENUE

MENLD PARK, CA 94025
01CY ATTN DONALD NEILSON
O1CY ATTY ALAN BURNS
01CY ATTN G. SMITH
01CY ATTN R. TSUNODA
01CY ATTN DAVID A. JORANSON
01CY ATTN WALTER G. CHESNUT
01CY ATTN CHARLES L. RINO
01CY ATTY WALTER JAYE
01CY ATTN J. VICKREY
OLCY ATTN RAY L. LEADABRAND
01CY ATTN G. CARPENTER
01CY ATTN G. PRICE -
01CY AITY R. LIVINGSTON
01CY ATIN V. GONZALES
O1CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W.P. BOQUIST

TOYON RESEARCH CO.

P.0. Box 6890

SANTA BARBARA, CA 93111
01CY ATTN JOHN ISE, JR.
01CY ATTN JOEL GARBARINO

22

TRW DEFENSE & SPACE SYS GROUP

ONE SPACE PARK

REDONDO BEACH, CA 90278
01CY ATTN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
01CY ATTN D. DEE
"01CY ATTN D/ STOCKWELL

SNTF/1575

VISIDYNE

SOUTH BEDFORD STREET

BURLINGTON, MASS 01803
01CY ATIN W. REIDY
01CY ATTN J. CARPENTER
01CY ATTN C. HUMPHREY
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