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RECENT RESULTS ON CLEAVAGE, BIFURCATION AND
CASCADE MECHANISMS IN IONOSPHERIC PLASMA CLOUDS

One of the most important problems in the late time striated
nuclear environment is the characterization of the power spectrum and
the decay of the structure. The ability to predict the late time
striated environment is extremely important for satellite communication
systems. Our understanding of the late-time striated environment has
increased significantly, but there still remains some problems to be
answered.

Previously we have reported (Scannapieco et al., 1976) on the

late-time power spectra for striations resulting from following the
nonlinear evolution of a plasma cloud coupled to the background iono-
sphere. There we had performe; a two-level (one for the cloud, the
other for the background ionosphere), two-dimensional numerical simu-
lation of an initially one-dimensional cloud (Gaussian in one direction,
uniform in the other) with random initial perturbations. The nonlinear
phase of the plasma cloud development was characterized by pinching of
original perturbations, production of secondary perturbations, a
bubbling through of backside striations to the front side of the cloud,
and appearance of image striations in the background ionosphere. Also,
a power law power spectrum for the striation density fluctuations was
obtained. Recently another two-level, two dimensional numerical simu-
lation of an initially cylindrical Gaussian cloud with recombination
chemistry included in the background ionosphere and an initial single
long wavelength perturbation has been reported (Doles et al., 13976).

In this simulation the power spectrum was not presented. However,

an important result was the
Note: Manuscript submitted July 27, 1977.

i




fact that secondary perturbations spontaneously grew out of the
initial perturbation and this process continued to occur during the

nonlinear evolution of the plasma cloud as it did in Scannapieco et

al. (1976).

Some of the basic objectives of our studies are to look at the
late-time power spectra at short wavelengths (in particular to account
for the power law power spectra at short wavelengths) and how striations
go away. Fundamental to this problem are the bifurcation, cleavage, and
cascade mechanisms that produce secondary striations from primary

striations (as noted in Scannapieco et al., 1976 and Doles et al., 1976).

This type of study is important because the time-scale f r the produc-
tion of secondary striations can be much more rapid than the diffusion
time scales, especially for long wavelengths. Consequently, the late-
time decay of striations will be very much influenced by this process.
Indeed, a major contribution would be to obtain a model which describes
the time it takes for striations to bifurcate and form more striations.

Figure 1 depicts schematically what it is we are trying to follow
and understand. Essentially one has a steepened backside of the plasma
cloud (a) which then cleaves and bifurcates (b) and keeps doing so (c
and d) forming smaller and smaller wavelength structures. This in itself
represents a cascade from long wavelength structures to shorter wave-
length structures.

In order to better understand this phenomena we utilize a one
level (plasma cloud and background ionosphere at its level, where the

background ionospheric conductivity is taken to be time independent),

o
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two dimensional (perpendicular to the ambient magnetic field) model,
incorporating the simplest set of equations that describe the striation

phenomena. These equations are (Zabusky et al., 1973)

o
b c A
5 = T4 '<E V;"‘Z)'O (1)
g e Eb ) -vzb
LB = (2)

where Zt is the magnetic field line integrated Pedersen conductivity
at the cloud level, B° is the ambient magnetic field, 2= §°/\§Ol,

VLW = E_-‘go, where Eo is the ambient applied perpendicular electric ‘d

field, and the subscript L means perpendicular to go‘ Equation (1)
is written in the E x §° drift frame. Also equations (1) and (2)
are representative of a one level, two dimensional F region model with
Vb/wcb << 1 (where vy and w,, are the barium ion-neutral collision
frequency and barium ion gyrofrequency, respectively), i.e., no Hall
currents and the plasma is essentially incompressible and can be
obtained from the more general equations (see for example Scannapieco
et al., 1976) taking this limit and neglecting other levels.

In what follows we will show results for different initial plasma

cloud configurations. In our previous study (Scannapieco et al., 1976),

random initial perturbations made it difficult to follow the cleavage
and bifurcation processes in detail. Consequently, when necessary, we

will use single wavelength type of perturbatioms.




Initial 1D cloud with perturbation. The system of equations

‘l) and (2) was solved numerically on the Texas Instruments Advanced
Scientific Computer. A two dimensional rectangular 40 x 100 grid

with mesh Ax = Ay = 1/3 km (corresponding to approximately 13 km x 33 km
in size) was chosen. In this particular simulation a Gaussian-like
cloud in the y direction, uniform in x is used at t = 0 [similar to

that found in Scannapieco et al., 1976 and the same as Zabusky et al.,

1973] with a single localized perturbation of the order of two wave-
lengths superimposed. The Pedersen conductivity, at t = 0, was

taken as

zb(x’}') : ' :
_*P;5_=32,2 (1 -—Ié—) (1 +8(x)e™] +2.6 (3) é
Z 1

+ 4 .

with
cos 3mx/8 5 Ix| < 8/3km

=

8(x) = (0.5 [cos (3mx/8) - 1.0] , 8/3 < lx| < 16/3km (
0 3 x| > 16/3km

In Eq. (3) L = 8km and the quantity 2.6 represents the background
ionosphere Pedersen conductivity so that the cloud to background iono-
sphere Pedersen conductivity ratio is 12.4. We take E° = 2 mV/m and
in the positive x direction, Eo = 0.5 gauss and in the positi?e z

direction (out of the page of Fig. 2) so that the §° x Eo drift velocity

is LOm/sec and in the negative y direction. Consequently, the dynamical

time scale & - LBo/cE° = 200 sec. for this simulation.




Figure 2 depicts the iso-Pedersen conductivity contours at
t = 200 sec after the plasma cloud has evolved according to Eqs. (1)
and 2). Here we can see the type of perturbation that was put into
the system at t = 0 (representing a primary striation or perturbation).
We also note the backside growth of the perturbation. In this figure
the conductivity contours are maximum at y = O and decrease as ]yl
increases. The Gaussian like initial cloud Pedersen conductivity is
confined to |y| < Skm and beyond this one has the uniform background
ionosphere Pedersen conductivity. Figure 3 depicts the plasma cloud
evolution at t = 300 sec. Clearly there is a main protuberance
developing around x = O and the cleavage process has begun on either
side of this. The trough and peak regions have flattened and become
steep. In the cleavage region the radius of curvature tends to become
infinite and in this region the divergence of the plasma flow is zero.

Figure 4 shows how the cloud has evolved at 400 sec. Clearly
there is an upwelling within the trough regions which is beginning to
produce secondary striations. Also perturbations are starting to form
on the flanks (4 < lx| < 6). What we are viewing are spontaneous
bifurcations of smooth striations in an evolving plasma cloud. This
is a nonlinear process and is what goes on after linear theory. Clearly
this is also a cascade from longer wavelength structures into shorter
wavelengths., Note that the island formation depicted in Figs. 3 and 4
is due to truncation, artificial diffusion and resolution as the contours
should have developed long thin necks and not broken off. In order to

carry the simulation further in time this will have to be corrected.




However, the basic cleavage, bifurcation and cascade processes have
been well exhibited.

Initial 2D presteepened cloud without perturbations. Once again

Eqs. (1) and (2) were solved on a two dimensional mesh, However, in
this case, we have employed a stretched mesh where the central 62 x 62
mesh (depicted in Figs. 5-8) is uniform, with 4x = Ay = 3/62 km
(corresponding to Skm x 8km). Outside (not shown) an additional 11
points on each side cover an additional Tkm on a side. Consequently,
the total mesh is 84 x 84 covering 22km x 22km. The initial t =0
plasma cloud is presteepened (hamburger shape; see Fig. 5) and no per-
turbations are added. The two dimensional presteepened cloud depicted
in Fig. 5 is almost one dimensional in the x direction except for the
roundedness for certain y values. Indeed, for most of the cloud except
for y >y, y <vyz, Z:/Zg°= 1+ 41 - (x-xo)z/Lz]"’ where x_ defines the
x center of the cloud and L = 2km. Here the peak Pedersen conductivity
is 5.0 and the background ionosphere is 1.0 (the iso-Pedersen conductivity
contours depicted range from 2 to 4.5 in increments of 0.5). In this
simulation Eo = 5 mV/m and is in the negative y direction, Bo = .5 gauss
and is out of the page, so that the Eo x §° drift velocity is in the
negative x direction. With these parameters the dynamical time scale
L LBolcE° = 20 sec.

The initial cloud depicted in Fig. 5 (with no initial perturbations
imposed) evolves in accordance with Eqs. (1) and (2) and Fig. & shows
its development at t = 50 sec. Here we begin to see the start of the
cleavage process on the backside of the plasma cloud (cloud appears to

have a lima beam shape). Figure 7 shows the evolution of the cloud at

e
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t = 100 sec. The cleavage in the central region on the backside and

the attendant bifurcation to form two_fingers are now quite clear,

These are the first numerical simulations of a plasma cloud spontaneously
bifurcating without external perturbations imposed. We note the steepening
of the contours in the two protuberances and in the cleavage trough. The
trough area has become very flat such that the radius of curvature tends

to become infinite. The bifurcation has to do with the initial one-
dimensional nature and rounded edges of the plasma cloud which causes
plasma flow around the cloud, since a purely one-dimensional cloud with-
out perturbations is an equilibrium solution of the basic equations (1)

and (2).

Figure 8 shows the cloud at t = 120 sec. The central trough region
now begins to develop a protuberance (just what we now expect). The
highest conductivity contour has fissioned due to truncation, artificial
diffusion and resolution (this contour should have developed long thin
necks). We have to refine the simulation so that we can go farther in
time., However, the process presented here represents basic mechanisms
which lead from long wavelengths to short wavelengths (cascade mechanism).
Studies of these types are extremely important if we are éoing to be able
to characterize the late time striated nuclear environment.

Summary. We have studied a one level, two dimensional plasma cloud
(see Eqs. (1) and (2)) to investigate bifurcation, cleavage and cascade
mechanisms which occur in the striated environment resulting from the
gradient drift instability. These studies have been conducted using

numerical simulations for different initial plasma cloud configurationms.
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In particular, one study was done with an initially one dimensional
Gaussian like plasma cloud with initial perturbations (Fig. 2) which
was then followed over the two dimensional mesh. Another study was
performed with an initially presteepened two dimensional plasma with no
initial perturbations (Fig. 5). The results from these numerical

simulations and previous ones (Scannapieco et al., 1976; Doles et al.,

1976) and our current understanding of cleavage, bifurcation, and

cascade processes in plasma clouds can be summarized as follows:

o

(1) our two level, initially one dimensional plasma cloud with random

initial perturbations produced pinching of the original perturbations,

production of secondary perturbations and a power law power spectrum

for striations at late times (Scannapieco et al., 1976); (2) the Bell 1

Labs (Doles et al., 1976) two level, two dimensional Gaussian-like

cloud with an initial long wavelength perturbation and recombination
chemistry of the second level produced cleavage and secondary perturbations
(bifurcation), but the study did not delineate whether these processes were

a result of the recombination chemistry, the second level, or the radius

of curvature becoming large; (3) in the present study we have shown that
a one level, initially one dimensional plasma cloud with an initial long
wavelength perturbation spontaneously produces secondary perturbations
within cleavage troughs and forms because the radius of curvature becomes
infinite within those troughs; (4) our present study also shows that a
one level, initially two dimensional presteepened plasma cloud (with the
radius of curvature becoming infinite in one direction and having rounded

edges in the other direction) without initial perturbations cleaves and

co




bifurcates and so the second level and recombination chemistry are

not necessary; (5) cleavage is an inherent process of plasma cloud
evolution; (6) ghis process has nothing to do with linear theory, it

is what goes on after linear theory is applicable; and (7) linear theory
and Jiffusion processes can give a misestimate of the decay of striatioms,
especially since cleavage and bifurcation are much faster processes than
diffusion for the longer (~ lkm) striated structures. This paper should
be viewed as a progress report in that we still need to investigate how
much curvature is actually needed to produce cleavage and bifurcation
and also we need to understand more fully the time scale for the bifur-
cation process.
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Fig. 1 — Schematic diagram depicting cleavage, bifurcation and cascade
processes on the steepened backside of a plasma cloud
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Fig. 2 — Iso-Pedersen conductivity contour plots at t = 200 sec. of an initially one
dimensional Gaussian-like (in y) plasma cloud with an initial perturbation in x.
The highest contour (maximum conductivity) is around y = 0 and the values de-
crease away from this line in both positive and negative directions. The mesh is
40 X 100 with Ax = Ay = 1/3 km which corresponds to approximately 13km X
33km. There is an ambient electric field of 2 mV/m in the positive x direction
and an ambient magnetic field of 0.5 gauss out of the page. The gradient scale
length for the initial iso-Pedersen conductivity contours in the y direction is 8 km.
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Fig. 3 — Iso-Pedersen conductivity contour plots at t = 300 sec. Note protuberance

in center and cleavage troughs on each side.
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Fig. 4 — Iso-Pedersen conductivity contour plots at t = 400 < .. Note the
production of secondary striations in the trough regions between the original
striations and the dimpling of the original striations.
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Fig. 5 — Iso-Pedersen conductivity contour plots of a plasma cloud at t = 0
(note time in upper right). These contours are ratios and represent the cloud
value to that of the background ionosphere far away from the cloud. The
innermost contour is 4.5 and the outermost is 2 (in increments of 0.5). The
peak in the center of the cloud is 5 and the background unchanging ionosphere
far away from the cloud is 1. The mesh portion shown is 8 km X 8 km (62 X
62 mesh points) with uniform spacing; however, outside there are 11 mesh (not
shown) points on each side stretched covering an additional 7 km. Consequently,
the total mesh is 22 km X 22 km (84 X 84 mesh points). There is an ambient
electric field of 5 mV/m in the negative y direction (equivalent to an ambient
neutral wind in the positive x direction); the magnetic field is 0.5 gauss and out
of the paper; and the gradient scale length for the iso-Pedersen conductivity con-
tours is 2 km in the x direction. The Eo X B velocity is in the negative x
direction.
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Fig. 6 — Iso-Pedersen conductivity contour plots at t = 50 sec. Note
backside steepening and indentation.
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Fig. 7 — Iso-Pedersen conductivity contour plots at t = 100 sec.
cleavage and bifurcation.
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Fig. 8 — Iso-Pedersen conductivity contour plots at t = 120 sec. Note
formation of protuberance in central trough region.
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03CY ATTMN CODE 5450 TELECOMMUNICATIONS SYSTEMS TECH.

COMMANDER -
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22448

0l1CY ATTN CAPT J. H. BURTON

COMMANDER
NAVAL SURFACE WEAPONS CENTER
WAITE OAK, SILVER SPRING, MD 20910
01CY ATTN CODE WAS50Q01 NAVY NUC PRGMS OFF

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
NAVY DEPARTMENT
WASHINGTON, D.C. 20375
01CY ATTN NSP-2141
01CY ATTN NSSP=-2722 FRED WIMBERLY

NAVAL SPACE SYSTEZM ACTIVITY

P. 0. BOX 929610

WORLDWAY POSTAL CENTER

LOS ANGELES, CALIF. 90009
0ICY ATTN A. 8., HAZZARD

COMMANDER
ADC/DC
ENT AFB, CO 80912
01CY ATTN DC MR. LONG

\




COMMANDER

ADCOM/XPD

ENT AFB, CO 80912
01CY ATTN XPQDQ

AF GEOPHYSICS LABORATORY, AFSC
RANSCOM AFB8, MA (01731
01CY ATTN OPR HAROLD GARDNER
01CY ATTN OPR JAMES C. ULWICK
0l1CY ATTN LKB KENNETH S. W. CHAMPION
ClCY ATTN OPR ALVA T. STAIR
0l1CY ATTN SUOL RSCH LIB
01CY ATTN PHP JULES AARONS
01CY ATTN PHD JURGEN BUCHAU
91CY ATTN FHD JOHN P. MULLEN

AF WEAPONS LABORATORY, AFSC

KIRTLAND AFB, NM §7117
0lCYy ATTN SuUL
01CY ATTN CA ARTHUR H. GUENTHER
01CY ATTN DYC CAPT L. WITTWER
01CY ATTN SAS JOHN M. KAMM
01CY ATTN DYC CAPT MARK A. FRY

AFTAC

PATRICK AFB, FL 32925
01CY ATTN TF/MAJ WILEY
0l1CY ATTN TN °

AIR FORCE AVIONICS LABQORATORY, AFSC
WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN AAD WADE HUNT
01CY ATTN AFAL AAB H. M. HARTMAN
01CY ATTN AAD ALLEN JOHNSON

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/XR
HANSCOM AFB, MA 01731
01CY ATTN XRC LTC J. MORIN
01CY ATTN XRE LT MICHAELS

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YS
HANSCOM AFB, MA 01731

01CY ATTN YSEV

Mt
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COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AF3, OH 45433
0l1CY ATTN NICD LIBRARY
01CY ATTN ETD 8. L. BALLARD

HQ USAF/RD
WASHINGTON, D.C. 20330
01CY ATTN RDQ

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13440
01CY ATTN EMTLD DOC LIBRARY
01CY ATTN OCSE V. COYNE

SAMSQ/SZ
POST OFFICE BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)
01CY ATTN SZJ MAJOR LAWRENCE DOAN

COMMANDER IN CHIEF

STRATEGIC AIR COMMAND

OFFUTT AFB, NB 68113
01CY ATTN XPFS MAJ BRIAN G. STEPHAN
01CY ATTN ADWATE CAPT BRUCE BAUER
01CY ATTN NRT

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION (AFSC)
HANSCOM AFB, MA 01731

01CY ATTN JIM DEAS

SAMSO/ YA
P. 0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
0l1CY ATTN YAT CAFPT L. BLACKWELDER

SAMSO/SK
P. 0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN SKA LT MARIA A. CLAVIN




SAMSO/MN
NORTON AFB, CA 92419
(MINUTEMAN)

01CY ATTN MNNL LTC KENNEDY

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCOM AF8, MA 01733

01CY ATTN ETEI A. LORENTZEN




U.S. ENERGY RSCH AND DEV ADMIN

EGEG, INC.
LOS ALAMOS DIVISION
P. 0. BOX 809
LOS ALAMOS, NM 85544
01CY ATTN JAMES R. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P. 0. BOX 808

LIVERMORE, CA 94550
01CY ATTN TECH INFO DEPT L-3
0l1CY ATTN RONALD L. OTT L=-53
01CY ATTN DONALD R. DUNN L-1
0l1CY ATTN RASPH S. HAGER L-3

LOS ALAMOS SCIENTIFIC LABORATORY
P. O. BOX 1663
LOS ALAMOS, NM 87545
0ICY ATTN DOC CON FOR ERIC L
01CY ATTN DOC CON FOR R. F.

1
56
1

INDMAN
TASCHEK

0ICY ATTN DOC CON FOR ERIC JONES

01CY ATTN DOC CON FOR JOHN S

e« MAETK

0ICY ATTN DOC CON FQOR MARTIN TIERNEY J-10

01CY ATTN DOC CON FOR JOHN Z

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

01CY ATTN DOC CON FOR J. P.
0l1CY ATTN DOC CON FOR W. D.
01CY ATTN DOC CON FOR A.
01CY ATTN DOC CON FOR T. WRI
0l1CY ATTN DOC CON FOR D. A.

«ile

INN

MARTIN ORG 1732
BROWN ORG 1353

DEAN THORNSROUGH ORG 12&5

GHT
CAHLGREN ORG 1722




OTHER GOVERNMENT

DEPARTMENT OF COMMERCE
OFFICE OF TELECOMMUNICATIONS
INSTITUTE FOR TELECOM SCIENCE
BOULDER, CO 80302
01CY ATTN WILLIAM F. UTLAUT
01CY ATTN G. REED

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT CF COMMERCE
BOULDER, CO 80302

01CY ATTN JOSEPH H. PQPE

0l1CY ATTN RICHARD GRUBB

0lCy ATTN C. L. RUFFNACH

NASA
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD 20771

T e o=y
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01CY ATTN ATS-6 OFC P. CORRIGAN
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DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P. 0. BOX 9

LOS ANGELES
QLCY
01CY
g1lCY
Q1iCy
OELEY
01CY
01CY
0lCY
01CY

2957
. CA 90
ATTN IRV
ATTN
ATTN
ATTN
ATTN
ATTN
ATTN
ATTN
ATTN

MC MOoZwn< +H

009

ING M. GARFUNKEL

M. SALMI

JOSEPHSON

P. BOWER

D. STOCKWELL

P. OLSEN 120 RM 2224E
E. BOND RM 5003

E. CARTER 120 RM 2209
A. MORSE A6 RM 2407

ANALYTICAL SYSTEMS ENGINEERING CORP

5 OLD CONCO
BURLINGTON,
01CYy

B8OEING COMP

P. 0. BOX 3

SEATTLE, WA
01CY
olCcY

LA JOLLA, C
0lCY

HUNTSVILLE,
01CY

RD ROAD
MA 018
ATTN RAD

ANY, THE
707
98124
ATTN GLE
ATTN D.

A 2920057

03
[0 SCIENCES

N KEISTER
MURRAY

CALIFORNIA AT SAN DIEGO, UNIV OF
3175 MIRAMAR ROQOAD

ATTN HENRY G. BOOKER

BROWN ENGINEERING COMPANY, INC.
CUMMINGS RESEARCH PARK

AL 35807
ATTN ROMEQ A. DELIBERIS

CHARLES STARK DRAPER LABORATORY, INC.

555 TECHNOLOGY SQUARE

CAMBRIDGE,
glCy
0lCY

MA 02139
ATTN D. 8. COX
ATTN J. P. GILMORE MS 63
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COMPUTER SCIENCES CORPORATION
P. 0. BOX 530
6565 ARLINGTON BLVD
FALLS CHURCH, VA 22046
01CY ATTN H. BLANK
01CY ATTN JOHN SPOOR

COMSAT LABORATORIES
LINTHICUM ROAD
CLARKSBURG, MD 20734

0ICY ATTN R. R. TAUR

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING

ITHACA, NY 14850
01CY ATTN D. T. FARLEY JR

FSL INC.
495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN R. K. STEVENS

01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
0l1CY ATTN V. L. MOWER
01CY ATTN C. W. PRETTIE

FORD AERQSPACE & COMMUNICATIONS CORP

3939 FABIAN WAY

PALO ALTO, CA 94303
01CY ATTN J. T. MATTINGLEY MS X22

GENERAL ELECTRIC COMPANY
SPACE OIVISION

VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P. 0. BOX 8555

PHILADELPHIA, PA 19101
01CY ATTN M. H. BORTNER SPACE SCI LAB

-1}
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GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCED STUDIES
815 STATE STREET (P.0O. DRAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN DASIAC

01CY ATTN DON CHANDLER

01CY ATTN TOM BARRETT

01CY ATTN TIM STEPHENS

01CY ATTN WARREN S. KNAPP

01CY ATTN WILLIAM MCNAMERA

01CY ATTN B. GAMBILL

01CY ATTN MACK STANTON

GENERAL RESEARCH CORPORATION
P. 0. BOX 3587
SANTA BARBARA, CA 93105
0l1CY ATTN JOHN [SE JR
01CY ATTN JOEL GARBARINO

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701
CALL CLASS ATTN: SECURITY OFFICER)
01CY ATTN T. N. DAVIS (UNCL ONLY)
01CY ATTN NEAL BROWN CUNCL ONLY)
01CY ATTN TECHNICAL LIBRARY

GTE SYLVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREET
NEEDHAM, MA 02194
01CY ATTN MARSHAL CROSS

INSTITUTE FOR DEFENSE ANALYSES
400 ARMY-NAVY DRIVE
ARLINGTON, VA 22202
01CY ATTN J. M. AEIN -
01CY ATTN ERNEST BAUER
01CY ATTN HANS WOLFHARD
01CY ATTN JOEL BENGSTEN

HARRIS CORP, E.S.D.
P. O. BOX 37
MELBOURNE, FL 32901
01CY ATTN ADV PROG DEPT DR. CARL DAVIS

wlle




153, INC.
2 ALFRED CIRCLE
8EDFORD, MA 01730
01CY ATTN DONALD HANSEN

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

01CY ATTN TECHNICAL LIBRARY

JAYCOR
1401 CAMINO DEL MAR
DEL MAR, CA 92014
01CY ATTN S. R. GOLDMAN

JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOHNS HOPKINS ROAD

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

LOCKHEED MISSILES & SPACE CO INC
P. 0. BOX 50&
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D. R. CHURCHILL

LOCKHEED MISSILES AND SPACE CO INC

3251 HANOVER STREET

PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT 52-10
01CY ATTN RICHARD G. JOHNSON DEPT 52-12
01CY ATTN BILLY M. MCCORMAC DEPT 52-54

KAMAN SCIENCES CORP

P. 0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN B. J. BITTNER

LINKABIT CORP
10453 ROSELLE
SAN DIEGO, CA 92121
01CY ATTN IRWIN JACOBS

-15-
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M.I.T. LINCOLN LABORATORY
P. O, BOX 73
LEXINGTON, MA 02173
01CY ATTN LIB A-082 FOR DAVID M. TOWLE
01CY ATTN MR. WALDEN X113
0l1CY ATTN JAMES H. PANNELL L-246
01CY ATTN D. CLARK

MCDONNELL OOQOUGLAS CORPORATION

5301 BOLSA AVENUE

HUNTINGTON BEACH, CA 92647
01CY ATTN N. HARRIS
0ICY ATTN J. MOQULE
01CY ATTN GEORGE MROZ
01CY ATTN BILL OLSON

MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01CY ATTN W. F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D. SAPPENFIELD
01CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE
P. 0. BOX 208
BEDFORD, MA 01730
0ICY ATTN J. C. KEENAN
01CY ATTN G. HARDING
01CY ATTN CHIEF SCIENTIST W. SEN
01CY ATTN S. A MORIN
01CY ATTN C. E. CALLAHAN

PACIFIC-SIERRA RESEARCH CORP
1456 CLOVERFIELD BLVD. .
SANTA MONICA, CA 90404

PICY s NFENCE. €. FIELED JR
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PHOTOMETRICS, INC.
42 MARRETT ROAD
LEXINGTON, MA 02173
0ICY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS INC.
P. 0. BOX 21589
SEATTLE, WA 98111
01CY ATTN E. J. FREMOUW

PHYSICAL DYNAMICS INC.
P. O. BOX 1069
BERKELEY, CA 94701
01CY ATTN A. THOMPSON
01CY ATTN JOSEPH B. WORKMAN

R & D ASSOCIATES

P. O. BOX -9695

MARINA DEL REY, CA 90291
01CY ATTN RICHARD LATTER
01CY ATTN FORREST GILMORE
01CY ATTN BRYAN GABBARD
01CY ATTN WILLIAM B. WRIGHT JR
01CY ATTN ROBERT F. LELEVIER
01CY ATTN WILLIAM J. KARZAS

RAND CORPORATION, THE

1700 MAIN STREET

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

SCIENCE APPLICATIONS, INC.

P. 0. BOX 2351

LA JOLLA, CA 92038
01CY ATTN LEWIS M. LINSON
01CY ATTN DANIEL A. HAMLIN
01CY ATTN D. SACHS
01CY ATTN E. A. STRAKER
01CY ATTN CURTIS A. SMITH
01CY ATTN JACK MCDOUGAL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776
01CY ATTN BARBARA ADAMS
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SCIENCE APPLICATIONS, [NC.
HUNTSVILLE CIVISION
2109 W. CLINTON AVENUE
SULTE 700
HUNTSVILLE, AL 35805
0ICY ATTN DALE H. DIVES

SCIENCE APPLICATIONS, INCORPORATED
8400 WESTPARK DRIVE
MCLEAN, VA 22101

01CY ATTN B. ADAMS

STANFORD RESEARCH INSTITUTE

333 RAVENSWCOD AVENUE

MENLO PARK, CA 94025
01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
0ICY - AN LSS COBH
01CY ATTN DAVID A. JOHNSON
01CY ATTN WALTER G. CHESNUT
01CY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
0lCY ATTN M. BARON
0ICY ATTN RAY L. LEADABRAND

SYSTEM DEVELOPMENT CORPORATION
4130 LINDEN AVENUE
DAYTON, OH 45432

01CY ATTN F. G. MEYER

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W. P. BOQUIST

TRW DEFENSE & SPACE SYS GROUP

ONE SPACE PARK

REDONDQ BEACH, CA 90278
01CY ATTN R. K. PLEBUCH R1-2078
01CY ATTN ROBERT M. WEBB R1-1150

VISIDYNE, INC.
19 THIRD AVENUE
NORTH WEST INDUSI®IAL PARK
BURLINGTON, MA 01803
01CY ATTN CHARLES HUMPHREY
01CY ATTN J. W. CARPENTER
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