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SLAB MODEL ANALYSIS OF MAGNETIC AND COLLISIONAL VISCOSITY
EFFECTS ON THE FIRST GENERATION OF NUCLEAR STRUCTURE

I. INTRODUCTION

Our goal in this paper is to postulate a simplified model of the
structure formation process in the late time nuclear environment. To the
extent that this model is valid, the specification of the freezing scale in
the - nuclear case is reasonably simple both conceptually and
computationally. As in the case with any theory, its success depends
critically on its assumptions, and we ask the reader to examine our
hypotheses with a critical eye.

In effect, we are going to argue that we can use one-dimensional

linear stability analysis to predict the freezing scale in the late-time

multidimensional nonlinear evolution of a nuclear plume. In this respect

our view is quite similar to that of the JAYCOR freezing model [Glassman
and Sperling, 1987]. The present arguments differ from those used by
JAYCOR in two key respects: (1) the success of the model relies on the
shielding properties of multidimensional high M «clouds, rather than a
hoped-for proportionality between one-and tvo-dimensional stability
analysis scale sizes; and (2) we find that the long wavelength limit is
often not appropriate for the range of nuclear parameters we expect. Only
this last point has any efféct'on the model itself, and it is fair to say
that the only structural difference between the model we propose here and
that of JAYCOR is our use of routines which solve the full stability
problem for the actual expected density gradients, rather than for the
asymptotic long wavelength limit. Thus changing a piece of software which
implements the present JAYCOR model to the model we propose here would
simply involve changing the routines which calculate growth rates to our
routines, or better yet, to a table look-up based on a one-time parameter
search with our routines.

Manuscript approved October 20, 1988.




In concise form our postulated model is as follows:

1. The one-dimensional slab mode is appropriate for the linear regime
during the first generation of nuclear structure (see Section II).

2. Due to the high M ratio of a nuclear plume, and to the scale sizes
of the neutral wind relative to k;l (see below), the first generation of
nuclear structure is the last (see Sec. III).

3. 1If km is the wavenumber for which the growth rate y(k) maximizes,
and if the maximum in v is sufficiently narrow about km, then the nonlinear
"blobs" associated with the £first generation of nuclear structure are
dominated by a scale size k;l (see Section IV).

4, It follows from (1) - (3) that the freezing scale is given by k;l

In Section II we make the case for the use of one-dimensional slab
linear stability analysis to model the behavior of a two dimensional
nuclear plume. In Section III we make the case for the first generation of
nuclear structure being the last. In Section IV we show numerically
generated curves of the growth rate y for a range of expected nuclear
parameters, and shov that wvhen the function yv(k) has a sufficiently narrow
maximum at wavenumber km’ then the structure scale size at the end of the

first generation of structure will be dominated by km'l.

Combining this
with the results of Section II, we <conclude that the freezing scale is
simply km'l. In Section V we show the results of some two-dimensional
nonlinear numerical simulations, which ve.ify what we have concluded in the

previous sections. Ve also address in this section the question of the

sensitivity of our conclusions to the size of the seed perturbations that




are assumed to exist in all real-world nuclear plumes. In Section VI we
state our conclusions, and try to place this model in perspective by
enumerating those things which may 1limit its applicability. The physics
and basic equations used here are given in Zalesak et al. (1988) along with

the linearized equations used in the stability analysis.

II. THE CASE FOR USING ONE-DIMENSIONAL GROWTH RATES

Consider a nuclear plume at the beginning of the late-time environment
(Fig. 1). Ve assume that the overall cross-field diameter of the plume is
tens or hundreds of kilometers, with edge gradient scale lengths in the
kilometer range, certainly no shorter than 100m, and that the ratio M of
integrated Pedersen conductivity inside the plume to outside the plume is
very large (100 or greater). The two primary drivers for structure are (1)
a component of the neutral wind more or less uniform and imposed on the
plume externally, and (2) those components of the neutral wind which are
internal to the cloud, i.e. a radial neutral wind or at least one which has
substantial variation over the diameter of the plume (see Fig. 1).

Ve know that the external component of the wind will not be effective
in producing structure, due to the large M of the cloud. The cloud will
simply produce polarization electric fields ("shielding") which allow it to
drift at the field-line-weighted neutral wind velocity, reducing the field-
line-weighted slip velocity and driving the growth rates to near zero
[McDonald et al., 1981]. The plume will steepen on one side as a result of
this process however. Thus we argue that it is the internal winds which
have the only real chance of producing structure in the nuclear plume,
since shielding carnot take place in the internal wind geometry, and

further, that to the degree that this internal wind component is well




approximated by a radial wind, the structuring process is well described by
a slab model analysis (see Fig. 2).

It remains to specify the gradient scale lengths and slip velocities
to be used in the slab analysis. In Fig. 1 we show the range of
possibilities that we consider to be most likely. In Fig. la ve shov a
reasonably symmetric nuclear plume located near the center of a radial
neutral wind field associated with a burst. Since the raw wind speeds are
axpected to be quite high near this point, and since the radial geometry
yields little or no shielding, we expect the slip velocities to be large.
Further, since no shielding means no steepening either, we expect the
gradient scale lengths to be large. Assuming that structuring does not
take place at this time, a little while later we expect the plume to appear
as in Fig. 1b. The small external component of the neutral wind has
translated the entire cloud away from the neutral wind center, reducing the
rav neutral wind speed and also its internal component, thus giving smaller
slip velocities. However the translation has also given rise to a
steepening on one side, thus giving smaller gradient scale lengths. Fig.
lc just continues the arguments advanced to justify Fig. 1b, with still
smaller slip velocities and gradient scale lengths. Thus we conclude that
ve can span the range of realistic possibilities by pairing small gradient
scale lengths with small slip velocities, and large gradient scale lengths
with large slip velocities. Note, however, that this raises the distinct
probability‘that the long wavelength limit will not always be appropriate
for the slab stability analysis, and that finite gradient scale lengths

will have to he part of the analysis.




III. THE CASE FOR THE FIRST GENERATION OF NUCLEAR STRUCTURE BEING THE LAST

The above simply argues that a slab analysis is sufficient to predict
the first éeneration of structure in a nuclear environment. In order to
fully argue the case for using slab analysis to predict the late-time
freezing scale, we must also make the case for the first generation of
nuclear structure being the last. This we do as follows.

Consider the cases shown in Fig. 1. We shall assume that the scale
lengths associated with the divergent part of the neutral flow field are
approximately equal to those of the large unstructured plume, on the order
of tens or hundreds of kilometers, since both evolved from the same or a
similar burst. Thus when structuring takes place, generating kilometer or
sub-kilometer scale plasma structures, the neutral wind field will now
appear to be almost totally externally imposed to these new, much smaller
structures. Thus the structuring event itself will have given rise to a
sudden and substantial drop in the internal wind component. Ve now argue
simply that this sudden drop has put these new small-scale structures in a
regime where even the smallest of dissipation mechanisms will inhibit

bifurcation. Thus structuring ceases after the first generation.

IV. LINEAR ANALYSIS FOR NUCLEAR PARAMETERS

In this section we attempt to span the range of possible nuclear
parameters and compute the growth rate +y(k) for all relevant values of
vavenumber k, based on the conclusions of the previous sections. We shall
be looking for the situations where +vy(k) 1is a strongly peaked function of
k, since in this case we can argue that at the end of the first generation
of structure, the resultant nonlinear evolution wll be dominated by scale

sizes of order k;l, vhere km is the wavenumber for which y(k) maximizes.

.




Rather than try to present the detailed argument now, let us present a few
calculations of linear growth rates for nuclear parameters and use these as
models for our arguments. The geometry we shall work with is shown in Fig.
2. We have a driver modeled as a neutral wind blowing through the edge of
a plume. This is meant to represent a small pie-slice of a radial wind
bloving outward into a transition region between the plume interior
electron density n, and the ambient electron density ny .

We must choose the following parameters when performing a linear slab
analysis.

1) Ny, the electron density outside the plume,

2) Re» the electron density inside the plume,

3) the functional dependence n(x) in the transition betwveen ny and
n»

4) the neutral wind slip velocity U,

5) The ion-neutral collision frequency Vin?

6) The ion species (e.g. 0%, Ba+), and

7) the ion temperature Ti'

For the calculations we present, we have chosen the following as being

representative of the nuclear plume case:

) n, = 10%,

2) ng = 108,

4) the ion species is 0+,

3) n(x) is a hyperbolic tangent with scale length L,

5) the ion temperature Ti = 0.1 ev,

6) three calculations were done, in accordance with the arguments
advanced in Section II:

L) large L, large U : L =1 km, U = 1 km/sec
M) moderate L, moderate U: L 100m, U = 100 m/sec
S) small L, small U : L = 20m, U = 20 m/sec,




7) for each of those three calcuylations, three ¥in values vere used,

meant to span the altitude range from low
1.0, 0.1 s”!, and

to high: Vip = 10.0,

8) the physics included are ion-neutral
magnetic viscosity, and ion collisional
description of the physics and

collisions, 1ion inertia,
viscosity. A detailed

the numerical solutions of the
linearized equations is found in Zalesak et al., 1988.

Calculations L, M, and S are shown in Figs. 3, 4, and 5 respectively.

In each plot is shown the growth rate vy as a function of the wavenumber k,

for each of the three values of Vin

Let us pick a particular growth curve, that of calculation M (Fig. 4)

for “in = 1.0. Suppose we assume that our initial condition consists of

the slab itself plus a small amplitude white noise perturbation. The curve

peaks at k = km ~ 20 km'l, wvith growth rates at k = 10 km'1 and k = 30 km'1

lover by a factor of about 1/6. All these modes will grow, but at

different rates. If we postulate that the initial normalized amplitude of

each mode, é&n/n, is ~ 10'6, then it will take 13.8 growth times for a mode

to reach &n/n = 1. Now consider two modes whose growth rates differ by

1/6. By the time the faster growing of the two had reached &n/n = 1.0, the

slover growing one would have achieved only 4&n/n = 0.1. Thus we would

expect the spectrum at the transition to nonlinear (&n/n = 1) to be

strongly peaked at km = 20 k;l. If we further argue that these fingers are

now two-dimensional structures and high M and hence virtually immune to

further bifurcation, then we conclude that the freezing scale is k;l.

Note, however, that not all of the curves shown display this property

of being strongly peaked functions of k. In general for larger L and for

larger Yin? the maximum is less strongly peaked, and indeed may be

nonexistent. In these cases we expect our model to break down.

e o i e o i e
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V.  TWO-DIMENSIONAL NONLINEAR SIMULATIONS

In this section we take one of the initial conditions considered in
the previous sections, the case of L = 100 m, Un = 100 m/sec, Vi = 1.0
s'l, vhich yields a reasonably peaked profile y(k), and put our ideas to
the test. Ve seed our initial profile with a white noise, random phase
initial perturbation in the x direction, in effect seeding all k’s with the
same level of fluctuation. We then let the perturbed slab evolve in time
using a fully two dimensional nonlinear numerical simulation code, to see
if a preferred freezing scale does arise out of the noise at late times.
The curve for Vin * 1.0 s'1 in Fig. 4 shows that the peak in the growth
rate occurs for k ~ 20 km'l. Thus we expect a wavelength of about 300 m to
dominate at late times. The grid used in the code was 1200 m wide in the
x-direction, with periodic boundary conditions ' assumed. Thus we expect
approximately four major fingers of plasma to emerge from the slab at late
times.

Ve have run the calculation at two different levels of fluctuation.
The fluctuation was applied by initially displacing the plasma a distance
8y in y, where &y is a white noise random phase function of x. In

3 Landsx10%L

calculations A and B we took the mean &y to be 10
respectively. Obviously we are trying to ascertain the effect of
fluctuation level on our results, since the logic we have used in section
IV would argue that the late-time spectrum would be less dominated by A ~
300 m for the high fluctuation case.

In Fig. 6 we shov the 1isodensity contours for the initial conditions

for calculation A. Note that the perturbation level is sufficiently low as

to make the perturbations almost undetectable on the plot. In Fig. 7 we




show calculation A after 10.67 sec of evolution. Note that there are
indeed 3-4 major fingers of plasma, as the present model would predict.

In Fig. 8 we show the initial conditions for calculation B. Note
that the perturbation is now easily visible to the eye. 1In Fig. 9 we show
calculation B after 3.56 sec of evolution. Despite the presence of high
frequency structure, the morphology is still dominated by approximately
four major fingers of plasma. Thus even when the perturbation levels are

reasonably high, the model advanced here may be acceptable.

VI. CONCLUSIONS

Ve have postulated a simple model of the freezing scale in nuclear
plumes, whose success depends strongly on the high M ratios of nuclear
plumes, and on the existence of some mechanism which causes slab growth
rates y(k) to be sharply peaked functions of k. Although the results
examined here rely on the Ny and n; terms in Braginskii’s stress tensor,
this need not be the case. The final model is similar to the JAYCOR model
in the sense that the freezing scale 1is taken to be proportional to k;I
vhere km is the wavenumber for which vy(k) maximizes. However, the
derivation is different and, we think, rests on more solid theoretical
ground. It is also <clearer, making the limitations of the model more
apparent. Using numerical simulations, we conclude that the model has a
reasonable chance of working in the nuclear case, vith the caveat that the

long-wavelength limit may not always be the appropriate model for the slab

growth rates.
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Usip LARGE
L LARGE

Usip MODERATE
L MODERATE

Ustip SMALL
L SMALL

(c)

Range of possibilities for the morphology of a nuclear plume
perpendicular to the magnetic field, during the late-time regime.
The arrows denote nettral wind direction. The possibilities are

(a) L Large, U_,. U ..
slip slip
moderate, steepening moderate; and (c) L small, USlip small,

large, steepening small; (b) L moderate,

steepening large. See text for reasoning.
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Fig. 2. Approximating a radial wind componer* acting outward on a curved
cloud edge segment (a) as a uniform wind acting on a slab (b).
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HUNTSVILLE OFFICE

P.0. BOX 1500
HUNTSVILLE, AL 35807

01CY ATTN ATC-T/MELVIN CAPPS
01CY ATIN ATC-0/V. DAVIES
01CY ATTN ATC~R/DON RUSS




PROGRAM MANAGER
BMD PROGRAM OFFICE
5001 EISENHOVER AVENUE
ALEXANDRIA, VA 22333
01CY ATTN DACS-BMT/J. SHEA

COMMANDER
U.S. ARMY COMM-ELEC ENGINEERING
INSTALLATION AGENCY
FT. HUACHUCA, AZ 85613
01CY ATTN CCC-EMEQ/GEORGE LANE

COMMANDER
U.S. ARMY FOREIGN SCIENCE & TECH CTR
220 7TH STREET, N.E.
CHARLOTTESVILLE, VA 22901

01CY ATTIN DRXST-SD

COMMANDER
U.S. ARMY MATERIAL DEV & READINESS
COMMAND
5001 EISENHOVER AVENUE
ALEXANDRIA, VA 22333
Q1CY ATTN DRCLDC/J.A. BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
BLDG 2073
SPRINGFIELD, VA 221350
01CY ATTN LIBRARY

DIRECTOR
U.S. ARMY BALLISTIC RESEARCH
LABORATORY
ABERDEEN PROVING GROUND, MD 21005
01CY ATTN TECH LIBRARY/
EDVARD BAICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MONMOUTH, NJ 07703
0ICY ATTN DOCUMENT CONTROL

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

01CY ATTN JIM GAMBLE

DIRECTOR

U.S. ARMY TRADOC SYSTEMS ANALYSIS

ACTIVITY

VHITE SANDS MISSILE RANGE, NM 88002
01CY ATIN ATAA-SA
01CY ATTN TCC/F. PAYAN, JR.
01CY ATTN ATTA-TAC/LTC J. HESSE

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
VASHINGTON, DC 20360
01CY ATTN NAVALEX 034/T. HUGHES
01CY ATTN PME 117
01CY ATTN PME 117-T
01CY ATTN CODE 5011

COMMANDING OFFICER
NAVAL INTELLIGENCE SUPPORT CENTER
4301 SUITLAND ROAD, BLDG. 5
VASHINGTON, DC 20390
01CY ATTN MR. DUBBIN/STIC 12
-01CY ATTN NISC-50
01CY ATTN CODE 5404/J. GALET

COMMANDER
NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CA 92152

01CY ATIN J. FERGUSON

NAVAL RESEARCH LABORATORY
VASHINGTON, DC 20375-5000
26CY ATTN CODE 4700/S. 0SSAKOW
50CY ATTN CODE 4780/J. HUBA
01CY ATTN CODE 4701
01CY ATIN CODE 7500
01CY ATTN CODE 7550
01CY ATTN CODE 7580
01CY ATTN CODE 7551
01CY ATTN CODE 7555
01CY ATTN CODE 4730/E. MCLEAN
01CY ATTN CODE 4752
01CT ATTN CODE 4730/B. RIPIN
20CY ATTN CODE 2628
0ICY ATIN CODE 1004/P. MANGE
01CY ATTN CODE 8344/M. KAPLAN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22448

01CY ATTN CAPT. J.H. BURTON

OFFICER-IN-CHARGE

NAVAL SURFACE WEAPONS CENTER

VHITE 0AK, SILVER SPRING, MD 20910
01CY ATTN CODE F31

D1RECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
VASHINGTON, DC 20376
01CY ATTN NSP-2141
01CY ATTN NSSP-2722/
FRED WIMBERLY




QFFICER OF NAVAL RESEARCH
ARLINGTON, VA 22217
01CY ATTN CODE 465
01CY ATTN <CODE 461
01CY ATTN CODE 402
01CY ATTN CODE 420
01CY ATTN CODE 421

COMMANDER
AERQSPACE DEFENSE COMMAND/XPD
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

Q1CY ATTN XPDQQ

01CY ATIN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY ATTN OPR/HAROLD GARDNER
0lCY ATIN LKB/

KENNETE S.V. CHAMPION
01CY ATTN OPR/ALVA T. STAIR
01CY ATTN PHD/JURGEN BUCHAU
01CY ATIN PHD/JOHN P. MULLEN

AF VEAPONS LABORATORY
KIRTLAND AFB, NM 87117
01CY ATIN SUL
01CY ATTN CA/ARTHUR H. GUENTHER

AFTAC
PATRICK AFB, FL 32925
0lCY ATIN TN

VRIGHT AERONAUTICAL LABORATORIES

WRIGHT-PATTERSON AFB, OH 45433-6343
01CY ATTN AAAI/VADE HUNT
01CY ATTN AAAI/ALLEN JOHNSON

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, AND ACQ
DEPARTMENT OF THE AIR FORCE
VASHINGTON, DC 20330

01CY ATTN AFRDQ

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION
DEPARTMENT OF THE AIR FORCE
BANSCOM AFB, MA 01731-5000
01CY ATIN J. DEAS
ESD/SCD-4
COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN NICD/LIBRARY
01CY ATTN ETDP/B. BALLARD

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

STRATEGIC AIR COMMAND/XPFS
OFFUTT AFB, NB 68113
01CY ATTN XPFS

SAMSO/MN
NORTON AFB, CA 02409
(MINUTEMAN)

01CY ATTN MNNL

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

01CY ATTN EEP/A. LORENTZEN

DEPARTMENT OF ENERGY
LIBRARY, ROOM G-042
VASHINGTON, DC 20345

01CY ATTN DOC CON FOR

A. LABOVITZ

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

01CY ATIN DOC CON FOR

D. SHERVOCD
EG&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809

LOS ALAMOS, NM 85544
01CY ATTN DOC CON FOR
J. BREEDLOVE




UNIVERSITY OF CALIFORNIA
LAVRENCE LIVERMORE LABORATORY
P.0. BOX 808
LIVERMORE, CA 94550
Ql1CY ATIN DOC CON FOR
TECH INFQO DEPT
01CY ATTIN DOC CON FOR
L-389/R. OTT
01CY ATIN DOC CON FOR
L-31/R. HAGER
LOS ALAMOS NATIONAL LABORATORY
P.0. BOX 1663
LOS ALAMOS, NM 87545
01CY ATIN J. WOLCOTT
01CY ATIN R.F. TASCHEK
01CY ATIN E. JONES
01CY ATIN J. MALIK
01CY ATTN R. JEFFRIES
01CY ATIN J. ZINN
01CY ATIN D. VESTERVELT
01CY ATIN D. SAPPENFIELD

LOS ALAMOS NATIONAL LABORATORY
MS D438
LOS ALAMOS, NM 87345
01CY ATIN S.P. GARY
01CY ATTN J. BOROVSKY

- SANDIA LABORATORIES

P.0. BOX 5800

ALBUQUERQUE, NM 87113
01CY ATIN V. BROWN
01CY ATIN A. THORNBROUGH
01CY ATIN T. VRIGHT
01CY ATIN D. DAHLGREN
01CY ATIN 3141
01CY ATIN SPACE PROJ DIV

SANDIA LABORATORIES
LIVERMORE LABORATORY
P.0. BOX 969
LIVERMORE, CA 94530
01CY ATTN B. MURPHEY
0iCY ATIN T. COOK

OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, DC 20545

01CY ATTN DR. YO SONG

NATL. QCEANIC & ATMOSPHERIC
ADMINISTRATION
ENVIRONMENTAL RESEARCH LABS
DEPARTMENT OF COMMERCE
BOULDER, CO 80302
01CY ATIN R. GRUBB

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION
P.0. BOX 92957
L3S ANGELES, CA 90009

01CY ATTN I. GARFUNKEL
01CY ATIN T. SALMI
Q1CY ATTN V. JOSEPHSON
QiCY ATTN §. BOVER
Q1CY ATTN D. OLSEN

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

Q1CY ATTN RADIO SCIENCES

AUSTIN RESEARCH ASSOCIATION, INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78738

01CY ATIN L. SLOAN

01CY ATTN R. THOMPSON

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

01CY ATTN C. PRETTIE
01CY ATIN S. BRECHT

BOEING COMPANY, THE

P.0. BOX 3707

SEATTLE, VA 98124
01CY ATTN G. KEISTER
01CY ATTN D. MURRAY
01CY ATTN G. HALL
01CY ATIN J. KENNEY

CHARLES STARK DRAPER LABORATORY
555 TECHNOLOGY SQUARE
CAMBRIDGE, MA 92139

01CY ATTN D.B. COX

01CY ATIN J.P. GILMORE

COMSAT LABORATORIES

22300 COMSAT DRIVE

CLARKSBURG, MD 20871
01CY ATTN G. HYDE




™

s

CORNELL UNIVERSITY
DEPT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01CY ATIN D.T. FARLEY, JR.
ELECTROSPACE SYSTEMS, INC.
BOX 1359
RICHARDSON, TX 75080

01CY ATIN H. LOGSTON

01CY ATTN SECURITY/

(PAUL PBILLIPS)

EOS TECHNOLOGIES, INC.

606 VWILSHIRE BLVD.

SANTA MONICA, CA 90401
01CY ATIN C.G. GABBARD
0l1CY ATIN R. LELEVIER

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701
0lCY ATIN SECURITY OPFICER
01CY ATTN T.N. DAVIS
01CY ATTN NEAL BROWN

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-
EASTERN DIVISION
77 A STREET
NEEDHAM, MA 02194
01CY ATTN DICK STEINHOF

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

ILLINOIS, UNIVERSITY OF
107 COBLE HALL
150 DAVENPORT HOUSE
CHAMPAIGN, IL 61820
0ICY ATTN DAN MCCLELLAND
01CY ATTN K. YEH

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

INTL TELL & TELEGRAPH CORPORATION
500 VASHIVGTON AVENUE
NUTLEY, NJ 07110

01CY ATTN TECHNICAL LIBRARY

JAYCOR

P.0. BOX 85154

11011 TORREYANA ROAD

SAN DIEGO, CA 92138
01CY ATIN N.T. GLADD
01CY ATTN J.L. SPERLING

JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAD
LAUREL, MD 20810
01CY ATTN DOC LIBRARIAN
01CY ATTIN THOMAS POTEMRA
01CT ATTN JOHN DASSOULAS

KAMAN SCIENCES CORPORATION

P.0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN T. MEAGHER

KAMAN TEMPO-CENTER FOR ADVANCED
STUDIES

816 STATE STREET

(P.0. DRAVER QQ)

SANTA BARBARA, CA 93102
01CY ATTN DASIAC
01CY ATIN VARREN S. KNAPP
01CY ATTN VILLIAM MCNAMARA
0i1CY ATIN B. GAMBILL

LINRABIT CORPORATION
10453 ROSELLE
SAN DIEGO, CA 92121
01CY ATIN IRVIN JACOBS

LOCKBEED MISSILES & SPACE C0O., INC
P.0. BOX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATIN D.R. CBURCHILL

LOCKHEED MISSILES & SPACE CO., INC
3251 HANOVER STREET
PALO ALTO, CA 94304
01CY ATIN MARTIN VALT/
DEPT 52-12
01CY ATIN W.L. IMHOF/
DEPT. 52-12
01CT  ATTN RICHARD G. JOHNSON/
DEPT. S£2-12
01CY  ATTN J.B. CLADIS/
DEPT. 52-12



MARTIN MARIETTA CORPORATION
ORLANDQ DIVISION
P.0. BOX 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

MCDONNELL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 02647
01CY ATTN N. HARRIS
01CY ATIN J. MOULE
01CY ATTN GEORGE MROZ
01CY ATIN W. OLSON
01CY ATIN R.W. HALPRIN
01CY ATIN TECHNICAL LIBRARY
SERVICES

MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, Ca 03101
01CY ATIN P. FISCHER
01CY ATTN V.F. CREVIER
01CY ATIN STEVEN L. GUTSCHE
01CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTIN RALPH KILB
0I1CY ATIN DAVE SOVLE
01CY ATIN F. FAJEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN B. WVHITE
01CY ATTN R. STAGAT
01CY ATIN D. KNEPP
01CY ATIN C. RINO

MISSION RESEARCH CORPORATION
1720 RANDOLPH ROAD, S.E.
ALBUQUERQUE, NM 87106

01CY ATTN R. STELLINGVERF

01CY ATTN M. ALME

01CY ATTN L. WRIGHT

MITRE CORPORATION
VESTGATE RESEARCE PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
0lCY ATTN W. HALL
01CY ATTN V. FOSTER
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PACIFIC-SIERRA RESEARCH CORP
12340 SANTA MONICA BLVD
LOS ANGELES, CA 90025

01CY ATTN E.C. FIELD, JR
PENNSYLVANIA STATE UNIVERSITY
IONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802
UNIVERSITY PARK, PA 16802

01 CY ATTN IONOSPEERIC

RESEARCH LAB

PHOTOMETRICS, INC.
4 ARROV DRIVE
VOBURN, MA 01801
01CY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS, INC.
P.0. BOX 10367
QAKLAND, CA 04610

01CY ATTN A. THOMSON

R & D ASSOCIATES

P.0. BOX 9695

MARINA DEL REY, CA 90291
0l1CY ATTN FORREST GILMORE
01CY ATTN V.B. WRIGHT, JR
01CY ATTN V.J. KARZAS
OICY ATTIN B. ORY
01CY ATTN C. MACDONALD
01CY ATTN BRIAN LAMB
01CY ATTN MORGAN GROVER

RAYTHEON CORPORATION
528 BOSTON POST ROAD
SUDBURY, Ma 01776
0ICY ATTIN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
330 VEST 42ND STREET
NEV YORK, NY 10036

01CY ATTN VINCFE TRAPANI

SCIENCE APPLICATIONS
INTERNATIONAL CORPORATION

10260 CAMPUS POINT DRIVE

SAN DIEGO, Ca 92121-1322
0l1CY ATTN L.M. LINSON
01CY ATTN D.A. HAMLIN
01CT ATTN E. FRIEMAN
01CY ATTN E.A. STRAKER
01CT ATTN C.A. SMITH



SCIENCE APPLICATIONS
INTERNATIONAL CORPORATION

1710 GOODRIDGE DRIVE

MCLEAN, VA 22102
01CY ATTIN J. COCKAYNE
01CY ATTN E. HYMAN

SRI INTERNATIONAL

333 RAVENSVOOD AVENUE

MENLO PARK, CA 94025
01CY ATTN J. CASPER
01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATIN G. SMITH
0I1CY ATTN R. TSUNODA
01CY ATIN D.A. JOBNSON
01CY ATIN V.G. CHESNUT
01CY ATIN C.L. RINO
01CY ATTN VALTER JAYE
01CY ATIN J. VICKREY
0I1CY ATTN R.L. LEADABRAND
01CY ATTN G. CARPENTER
01CY ATTN G. PRICE
01CY ATTN R. LIVINGSTON
01CY ATTN V. GONZALES
01CY ATIN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 VIGGINS AVENUE
BEDFORD, MA 01730

01CY ATIN W.P. BOQUIST

TRV 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, MA 01803
01CY ATTN V. REIDY
01CY ATTN J. CARPENTER
01CY ATIN C. BUMPHREY

UNIVERSITY OF PITTSBURGH
PITTSBURGH, PA 15213
01CY ATTN N. ZABUSKY
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