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:;} ON THE STABILITY OF A STRATIFIED SHEAR LAYER

¥

::' I. INTRODUCTION

;e The Kelvin-Helmholtz instability 1is a widely studied instability
: driven by velocity shear in neutral flulds as well as in ionized gases1'5.
f: In adcition to various examples in neutral fluids, the situation of a shear
. layer under the action of gravity is also encountered in space (e.g.,
é:: equatorial spread F, the plasmapause) and laboratory (e.g., laser fusion
*.': experiments) plasma phenomena. Recent observations show that large
‘ velocity shears exist at the equatorward edge of the diffuse auroral
‘: boundar'y7. Furthermore, the plasmapause boundary is conjectured to be
: unstable to a ballooning type shear flow instabilitys. In the case of the
i

” equatorial ionosphere, the plasma is confined by 2 uniform magnetic field
-.' and the flow velocity perpendicular to the magnetic fierd is sheared as a
s: function of the altitude. Gravity is directed opposite to the density
§.4

\ gr‘adient 80 that the system is prone to gravity driven interchange as well
)

7;. as to the shear driven Kelvin-Helmholt instability. Based on this
\ geometry and physics, linear gtability analysis has been performed on a
’ ¢ollisional plasma in the equatorial F region of the ilonosphere, and a
)

' general mode structure equaticn has been derivecu'5 which reduces <o the
2: general Rayleigh equation dealt with in detail by Drazinz.

- In the neutral £luid literature (for example, Drazinz) an¢ by Vinas
: and Maddena, the Boussinesq approximation is generally assumed in per-
' forming the analysis of the general Rayleigh equation; this assumption
9

o Manuscript approved June 12, 1986
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amounts tO ignoring all the density gradient terms except the density
gradient term that contributes to the bouyancy. Irn thie paper, we relax
the Boussinesg approximation and show that the new stability bdoundary is
different than that obtained by Drazinz: the stability boundary is

dependent on the density gradient, leading to more siringent restrictions

on the Richardson number, and the stability boundary is determined for
modes with phase velocity half that of the peak background flow velocity.
The following analysis 1is based on a smooth velocity orofile ard an

exponential density gradient.

THECRY

[ ]
4

The geometry of the plasma and field configuration used in the
analysis is as follows: the magnetic field 1is uniform and in the =z
direction (g = B ;)} the plasma is inhomogeneous along the x direction, n =
ng{x), gravity is acting along the negative x direction g = - g ;, and the
flow velocity along the y direction is sheared in the x direction, V=
- Vg(x) }.

We consider low frequency fluctuations (w << Wioe where Wae is the
electron .cyclotron frequency) 8o that electron inertia is ignored. Two
dimensioral perturbations are considered. The perturbed quantities vary
as ¢ = ¢{(x) exp [- i(kyy = mt)], where w = w, * iv. The equation that

}
describes the perturbed electrostatic potential is given as”

2 -
2. p0 & g6 - o, (1)
aX
where p’X) and q(X) are giver by
alnno
. —_— (

p(X) X , (2)

2

e -'wl@ﬂ*\i




-—2 |

0 0 - - 2,1 [azu . 3Lr ng W | (gLv/Vy) atn no. o
N Q 2 9X aX Q X 47 ’

¥’ ax

N

v,

." -— - -~

W where V. = V U(X), ¢ = w/kV , 8 =¢ - U(x), X=x/L, and k = x L . Here

0 y yy v yv

ﬁ Ly and Ln are the gradient sca-e lengthe of the velocity and density,
niy

$ respectively. Equation (1) is 2 generzl eguation that describes Rayleigh-
B\, )

"t Taylor and Kelvin-Helmholtz instabilities for arblitrary densi¢y profiles ana
1e drift velocities., This equation is identical to that obtained for counter-
4 |
44 |
; streaming neutral fluide in a gravitational fieldz.

::"

b In this paper we consider an exponential profile for the density such
5' that ns(x) = ng exp (BX) where g = LV/Ln and represent the drift velocity by
%* a smooth profile U(X) = tanh (X). We let B be arbitrary and thus generalize |
K)

L

o0 the problem analyzed by Drazinz. This iz the main objective of this paper.
ks The coefficients p(X) and q{(X) can be rewritten as

3

o

-“

p(X) = 8 (4)
- “2  2sech® X (-2tanh X + 3). J

-, q(X) = = k™ + o = U + > ()

- / (C - UJ

¥ where J = [g/Lﬂ)/(Vi/Li]. Using the Boussinesq approximation Drazin® set

:“ p = 0 and ignored 8 in the seconc term Iin g; this leads to the condition

0

W ¢ = 0., We relax these assumptions in the following aralysis.

" : Using the transformation ¢ = 3 exp [f daX p{X)/Z} we write %) as

o

0 2

' -~

B 25 - Qe = 0 (6)

X

2

e where QUX) = q - p°/2 - pZ/U. Zquations (4 and {(3) ctogetner witn [3) yield
e
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With U as the indepencdent variable, (7) can be written as

2 (02 2,3
re + 83 /L -
5"”2333'2U§3*t:‘ ; *2+?S—Z‘+ Jz 208 " 0.
U (1 -0°) ! (u-c)(1-uj

Equation (8) is a second order differential equation with four singular
points at U = =, ¢, + 1, and - 1, The new terms in this equation are
RN 2 S0 ..
/471 - U ) and {2¢ - 8§,/ U - c); the former, oObtained by retaining
the first derivative term in (1), introacuces a lower cut-off in the
wavenumber, and the latter, obtained by retaining the cross term involvi-g
the density inhomogeneity and velocity inhomogeneity, allows ¢ to take the

value 3/2.

We assume a solution to (8) of the form

B, H_ A
$ = (U + 1) (U - 1) (U - ¢)7, 9
where the exponents u, and A are determined by
2u, = (k2 + 8%/ - —L 7172 (10)
= (1 2 ¢)
(- 00 - f) - - (1)
(1 - %)

Note that for ¢ = 0 and B = 0 the exponents {(10) and (11) reduce to those
given by Drazinz. These exponents have to satisfy the condition

B

sa)u v u_srv1)-2=0, (12)

as car be seen Dy matching the coefficients of the constant terns. From
(12 wWe note that u, * u_ =+ i =1 or - 2, The latter condition yields &

+

convergent solution with the constrazint 2¢ - 8 = 0 or o = 8/2,
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b Using the definitions for u, and ) fror; (0} and (1') in the condition
ls’
Qs
;‘Q‘. '.J+"'..1_"f‘\"\, (12)
R .
. we obtain
o - A5,
*:; : J=k2(1-8/u-»<). {147
ok
Y
o)
" : : , 2,,,2 s
From (1L4) the maximum value of J is given as J_. . = {1 - 87/4)7/k, wnich
e . s . Z /2
&? oceurs at k_. = {"/Y2i(i - 8€/4) ' "%, So tne new stazility condition is J
¢
1
¥ 2
X > 1 - s'/u)Z/u
."'
) |
* From {(14) we see that for § = 1 the critical Richarcson number is 9/64, |
i
. !
N which means that for Jd > 9/6L4 the flow is stable; the cut off wavenumber is !
,;a . |
[ o . . . - . , i
ﬂ¢‘ k = ¥3/2. In comparisor, for a Boussinesq fluid the critical J is 1/4 and !
‘.' N I
e the cutoff k is 1., Finally, the stability boundary is not neutral as was
3
ff the case with z Boussinesq fluid, but the waves have a phase velocity that |
3 . U |
by is haif that of the peak background flow velocity, i.e., ¢ = 1/2 as opposed i
:" |
¥ : “ s < - “ s . .
R to ¢ = 0 for a Boussinesq fiuid, Finally, for a fluid in a gravity free
. ~
Q: field (J = 0J) the Kelvin-Helmhoitz unstable cdomain 1s given by 0 < k
o 24172
%' < (1 - B ) .  These conclusions can be clearly seen in Fig. 1, where we
I
% . ~ - . 1 X
piot J versus k. The figure shows the stability boundary for various values
T
ab of 8. It 12 worth noting that for & > 2, that is if the density gradient
D
1.4
&; scale length is halfl the velocity gradient scale lerngth or less, the Kelvin-
N
U delmholtz instapility is stable and the system is unstable to the gravity
"ol 3
‘j griven interchange, i.e., only when J < 0,
K2
,:, We apply the results ¢o> the plasmepause bouncdary based on the
g "
: observations of velocity shears observed by Kelley' and compare our resuit
r i o 13 9 5 8 ™ I - i
3 with those of Vinas and Madden~. The velocity shear VQ/L.v is estimated t2
2
4 -
'54 be 0.17 Hz; when mapped %o the pliasmapause region’ this yields a iocal
" . _ 0
: Richardson numser of - C.18 [=ee Ref. E&J. Vinas and Maddern™ show
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that 8 = 1.5, which when substituted into (15} yields the c¢ritical
Richardson number J < C.0&7 for instabilitcy. Thus, our czleulations sugges:
that such strong shears may not drive shear flow Instanility 1if steer

densitly gradients exist at the same time.
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J - UNSTABLE

1
oo
I
1

o
N
w
o0
wn
o
N
b
0
-
15

2.0, and 2.5. The plasma is unstabtle (stable} in regions below
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ir summary, we have Shown that the mode eguatiorn for & stratifiec shear
layer under the action of gravity can be solved for stability boundary
without the neeld o impose the Boussinesg approximation. For Ln =Ly, 8 =1,
tne ¢ cal Richardson number is §/6% as opposed to 1/4 and the unstable
wavenumber domealn is smaller with z cut off for d = 0 at ; = /§/2
rather than ac ; = 1, In additizn, the waves do not have a cZerd phase
velocity Dbut & phase velocity that s half <the peak background fiow
ve_ocity, These changss are due to the density gradient terms that were
ignored using the Boussinesqg apgproximation. In addition, we have shown that
piasmapause D2oundary may N0t pe  unetable to  shear flow  »nalloonin
irstabili if strong density gradients exist in conjunction with sirong
shears at the diffuse auroral boundary at ionospheric heights.
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01CY ATTN DRCLDC J.A. BENDER 01CY ATTN J. FERGUSON
COMMANDER

U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK RCAD
BLDG 2073
SPRINGFIELD, VA 22150
01CY ATTN LIBRARY
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NAVAL RESEARCH LABORATORY COMMANDER
WASHINGTON, DC 20375 AEROSPACE DEFENSE COMMAND/DC
01CY ATTN CODE 4700 S.L. Ossakow, DEPARTMENT OF THE AIR FOCRCE

26 CYS IF UNCLASS ENT AFB, CO 80912
(01CY IF CLASS) 01CY ATTN DC MR. LONG
ATTN CODE 4780 J.D. H ,
CY¥s IF UNCLASS, o1'¢C CLASS COMMANDER
01CY ATTN JCDE 470 1.V I7SKY AEZROSPACE DTFEINSE
C13Y ATTN CODE 7502 CEPARTMENT CF .HE A

1CY ATTN CQ2D:Z 755°¢C ENT AFB, CO 805°2
01CY ATIN CCPDE 7382 01CY ATTN XPDQQ )
01CY ATTN CCDE 7551 J1CY ATTN XP
0'CY¥ ATTN CODE 758¢
C1CY  ATTN CCDE 47320 I. MCLEAN AR FCRIE GEOPHYEICTS LAZCRATIRY
Q1Y ATTN CZODE 4732 HANSCOM AFB, MA 0173
C1CY ATTN CODE &73C B. RIPIN 01CY ATTN OPR HARCLD GARDNEER
20CY ATTN CODE 2628 01CY ATTN LKB
KENNETH S.W. CHAMPION ‘
COMMANDER 01CY ATTN OPR ALVA T. STAILR
NAVAL SPACE SURVEILLANCE SYSTEM 01CY ATTN PHD JURGEN BUCHAU
DAHLGREN, VA 22448 01CY ATTN PHD JOHN P. MULLEN
01CY ATTN CAPT J.H. BURTON
AF WEAPONS LABCORATCRY !
OFFICER~-IN-CHARGE KIRTLAND AFT, NM 87117
NAVAL SURFACE WEAPONS CENTER 01CY ATTN SUL
WHITE OAK, SILVER SPRINC, MD 20910 0t'2Y ATTN CA ARTHUR H., GUENTHER
012Y ATTN CODE F3» 01CY ATTN NTYZE !1L7. G. XRAJEZ
DIRECTCR ' AFTAC
STRATEGSIC SYSTEIMS PROJELT COFFICE PATRICK AFB, FL 3262%
DEPARTMENT OF THE NAVY 0tCY ATTN TN
wASEINGTON, DT 20276
01CY ATTN NSP-2'a41 AIR FORCE AVIONICS LABORATORY
0'CY ATTN N3SSP-272Z FRED WIMBERLY WRIGHT-PATTERSON AFB, 2H 45123 d
01CY ATTN AAD WADE HUNT
CCMMANCER 01CY ATTN AAD ALLEN JOHNSCN
NAVAL SURFACE WEAPONS CEINTER
DAELGREN LABORATORY DEPUTY CHIEF OF STAFF
DAHLGREN, VA 22448 RESEARCH, DEVELOPMENT, & ACQ
Q!CY ATTN CODE DF-14 R, BUTLER CEPARTMENT OF THE AIR FORCE
WASHINGTON, DC 22230
OFFICER OJF NAVAL RESEARCH 01'CY ATTN AFRIC
ARLINCTON, VA 222:7
01CY TTN CODE 465 HEADQUARTERS
CtlY¥ ATTN ZCJDE 4/ ELECTRONIC SYSTEMS OIVISION
S1CY ATTN CODE 4C2 DEPARTMENT OF THEI AIR FCRCE
JiCY  ATTN C0DE 120 HANSCOM AFB, MA 0i173:-5800°¢C
01CY  ATTN CCDZ 421 01CY TTN J. DEAS
ESD/STD-4
|
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g COMMANDER UNIVERSITY OF CALIFORNIA

2y FOREIGN TECHNOLCGY DIVISION, AFSC LAWRENCE LIVERMORE LABORATORY
WRIGHT-PATTERSON AFB, OH 45433 P.O. BOX 808
» 01CY ATTN NICD LIBRARY LIVERMORE, CA 94550
hq 01CY ATTN ETDP B. BALLARD 01CY ATTN DOC CON FOR TECH INFO
\ DEPT
o COMMANDER 01CY ATTN DOC CON FOR L-389 R. OTT
K ECMI AIR DEVELOPMENT ZENTZIR, AFSC C1CY ATTN DOC CON FOR L-31 R. HAGER
% GRIFFISS AFE, NY 123441
' 012Y ATTN DOC LIBRARY/TSLD L0S ALAMOS NATIONAL LABORATORY
G1CY ATTN OCSE V. COYNE P.0. BOX 1663
X LOS ALAMOS, NM 87545 .
,z TATIIIC AI3 COMMANT XPFS 012Y ATTN DOC CON FOUR J. WOLSCTT
i SFFUTT AFES, NE 53173 CiCY ATTN DOC CON FOR R.F. TASCHEK
Sy 0°Y ATTN XPFS 01CY ATTN DOC CON FOR E. JONES
8 01CY ATTN DOC CON FOR J. MALIK
. SAM30/SK 01CY ATTN DOC CON FOR R. JEFFRIES
2.0. BOX 92960 012Y ATTN DOC CON FOR J. ZINN
“ WORLOWAY POSTAL CEINTER 01CY ATTN DOC CON FOR D. WESTERVELT
x L0S ANGELES, CA 50009 01CY ATTN D. SAPPENFIELD
:q 01CY ATTN SKA (SPACE COMM SYSTEMS)
¢; M, CLAVIN LOS ALAMOS NATIONAL LABORATORY
W MS D438
iy SAMSO/MN LOS ALAMOS, NM 87545
o NORTON AFB, CA 92409 01CY ATTN S.P. GARY
N (MINUTEMAN) 01CY ATTN J. BOROVSKY
vgl C'CY ATTN MNNL
ho SANDIA LABORATORIES
;2 COMMANDER P.0. BOX 5800
" RCME AIR DEVELOPMENT CENTER, AFSC ALBUQUERQUE, NM 87115
B HANSCOM AFB, MA 21731 01€Y ATTN DOC CON FOR W. BROWN
i 01CY ATTN EEP A. LCRENTZEN 01CY ATTN DOC CON FOR A,
THORNBROUGH ,
ay DEPARTMENT OF ENERGY 01CY ATTN DOC CON FOR T. WRICHT
;k LIBRARY ROOM G-0L2 91CY ATTN DOC CON FOR D. DAHLGREN
" WASHINGTON, DC 20545 01CY ATTN DOC CON FOR 3141
¥ 01CY ATTN DOC CON FOR A. LABOWITZ 01CY ATTN DGC CON FOR SPACE PROJECT
; DIV
:; DEPARTMENT OF ENERCY
ALSUQUERQUE OPERATIONS OFFICE SANDIA LABORATORIES
- P.O. BOX 5400 LIVERMORE LABORATORY
3 ALBUQUERQUE, NM 8715 P.O. BOX 969
Ny 01CY ATTN DOC CON FOR D. SHERWOOD LIVERMORE, CA 94550 )
s 01CY ATTN DOC CON FOR B. MURPHEY
- ES&5, INC. 312Y ATTN DOC CON FOR T. COOK
A L0S ALAMOS DIVISION
g ?.0. BOX 309 OFFICE OF MILITARY APPLICATION
LCS ALAMOS, NM 853uu DEPARTMENT OF ENERGY
M C1CY ATTN DOC CCN FOR J. BREEDLOVE WASHINGTCN, DC 20545
21CY ATTN DOC CON DR. YO SONG
y
N .
N
B0
n
‘.
%
X
:I
L 2N
1Y
N i2
[ 3

T T LI E

oy e R R I B L v LT RN at VTR
"- ‘\:;'\- o e \}\-'_'hi\.(’\{ ..\P y ) 'r\*\}., '.~ e “"r ) )
UG, aly k" AL LA AL LA SRR,

;‘\

~n - -~p n , - o - _ "
L) .1 W, .n i) 41 i “ 4 S
. ‘s".‘v.‘u“'.'-»’x“"s"‘n‘z‘1’;‘1‘A‘5"‘4‘, u'?‘c"-‘\‘q \".l:'w.“:'l'o iR A '!,t LS RARTL A,




NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
SOULDER, CO 80302

Q1CY ATTN R, GRUBS

CEPARTMEINT OF DEFENSE CONTRACTORS

AERCSPACE CORPORATION

P.O. BCX 92957

LOS ANGEILES, CTA 90009
2:1CY  ATTN I. GARFUNKEL

012Y ATTN SALMI
ol ¢ TIN V., CSCSEPHSON
01CY ATTN S. BOWER
01CY TTN D. CLSEN

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

01CY ATTN RADIO SCIENCES

AUSTIN RESEARCH ASSOC., 1INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78758

03CY ATTN L. SLOAN

01CY ATTN R. THOMPSCN

SZIRKELEY RESEARCIH ASSOCIATES, INC.
P.0O. 30X 983
BERKELEY, CA 94731

[she) 4 TTN J. WORKMAN

01CY ATTN C. PRETTIE

O1CY ATTN S. BRECHT

BOEING COMPANY, THE

P.0. BOX 3707

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

CHARLES STARK DRAPER LABORATORY,
555 TECHNOLOGY SQUARE
CAMBRIDGE, MA 22139

013Y ATTN D.B. COX

01CY ATTN J.P. GILMORE

(2]
>
(g3

13

COMSAT LABORATORIES

22300 COMSAT DRIVE

CLARKSBURG, MD 20871
01CY ATTN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT COF ELECTRICAL
ITAACA, NY -u8sg

01CY ATIN C.T. FARLEY

ELECTROSPACE SYSTEMS, INZ.

20X 3¢5
RICHARDSCON, TX 750895
Cr3Y ATTN H. LOGSTON

01CY ATTN SECURITY (PAUL PHILLIPS)

EOS TECHNOLOGIES, INC.
606 Wilshire Blvd.
Santa Monica, CA 90401

01CY ATTN C.B. GABBARD

0iCY ATTN R, LELEVIER

ESL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS

CiCY ATTN JAMES MARSHALL

GENERAL ELEZCTRIC COMPANY

SPACE DIVISION

VALLEY FORGE SPACE CENTER
SODDARD BLVD KING OF PRUSSIA

P.0. BOX 8555
PEILADELPHIA, PA 19107

01CY ATTN M,H, BORTNER

SPACE SCI LAB

CENERAL ELECTRIC TECH SEAVICZES

€3., INC.
HMES
SCURT STREET
SYRACUSE, NY 13201
0:2Y ATTN G. MILLMAN

CECPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRSANKS, AK 9970

(ALL CLAS3 ATTN: SECURITY OFF:
C1CY ATTN T.N. DAVIS (UNCLASS

G1CY ATTN NZAL 3BRCWN

CUNCLASS




e,
BER N A

R AT AN
e -.§'f:n,;',v.::0t'!e

{‘M B TE AR N Yo Yo iy A U .
Bt ’!"’l ¥ e:’i-‘ th h;\‘ff_gi‘,x'.l_g'l"‘ilig [ 20 l,r 5

CTZ SYLVANIA, INC,
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREET
NEZEDHAM, MA 02194
01CY ATTN DICK STEINHOF

HSS, INC.
2 ALFREZD CIRCLE
IEDFCRI, MA 2730
01CY ATTN DCONALD HANSEN

ILLINQIS, UNIVERSITY COF

127 C03LE HALL

152 DAVEN®CRT HOUSE

CHAMPAIGN, IL 61820
(ALL CORRES ATTN DAN MCCLELLAND)
C12Y ATTN K. YEH

INSTITUTE FOR DEFENSE ANALYSES
180! NO., BEAUREGARD STREET
ALEXANDRIA, VA 22311

01CY ATTN J.M. AEIN

31CY ATTN ERNEST BAUER

01CY ATTN HANS WOLFARD

0tCY ATTN JOEL BENGSTON

INTL TEL & TELEGRAPH CORPORATION
550 WASHINGTON AVENUE
NUTLEY, No 07110

01CY ATTN TECHNICAL LIBRARY
<AYCOR

11011 TORREYANA ROAD
P.C. BOX 85154
SAN DIEGO, CA 92138
01CY ATTN J.L. SPERLING

JCHNS HOPKINS UNIVERSITY
APPLIZD PHYSICS LABORATORY
JCHNS HOPKINS RCAD
LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
012Y ATTN JCHN DASSOULAS

KAMAN STIENCZIS CORP

P.C. BOX 7483

COLORADC SPRINGS, 2O 380933
01CY ATTN T. MEAGHER

s
At

TR,

L™,

KAMAN TEMPC-CENTER FOR ADVANCED
STUDIES
816 STATEZ STREET (P.O DRAWER QQ)
SANTA BARBARA, CA 93102
01CY ATTN DASIAC
01CY ATTN WARREN S. KNAPP
01CY ATTN WILLIAM MCNAMARA
01CY ATTN B. GAMBILL

LINKABIT CORP
10453 ROSELLE
SAN - DIEGC, CA §212!
01CY ATTN IRWIN JACOBS

LOCKHEED MISSILES & SPACE CO., INC
P.0. BOX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D.R. CHURCHILL

LOCKHEED MISSILES & SPACE CO., INC.
3251 HANOVER STREET
PALO ALTO, CA 94304
01CY ATTN MARTIN WALT DEPT S52-12
01CY ATTN W.L. IMHOF DEPT 52-12
0iCY ATTN RICHARD G. JOHNSON
DEPT S52-12
01CY ATTN J.B. CLADIS DEPT 52-12

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

MCDONNEL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 926u7
01CY ATTN N, HARRIS
01CY ATTN J. MOULE
01CY ATTN GEORGE MROZ
01CY TTN W, OLSON
01CY ATTN 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
0'CY ATTN STEVEN L. GUTSCHE
0*2Y ATIN R. BOGUSCH
C1IY¥ ATTN R. HENPRIZK
C°CY ATTN RALPH KILS
QyCY  ATTN DAVE SOWLE
Cr2Y ATTN F. FAJEN
C*2Y ATTN M. SCHEIBE
C°CY ATTN CONRAD L. LONGMIRE
O1CY ATTN B. WHITE
C12Y ATTN R. STAGAT

MISSION RESEARCH CORP.

1720 RANDOLPH ROAD, S.E.

ALBUQUERQUZ, NM 87106
01CY R, STELLINGWERF
01JY M. ALME
013Y L. WRIGHT

MITRE CORP

WESTGATE RESEARCH PARK

1822 DOLLY MADISON BLVD
MCLEZAN, VA 221201
01CY ATTN W. HALL
21CY ATTN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP
12340 SANTA MCONICA BLVD.
LCS ANGELES, CTA 90025

0:CY ATTN E.C. FIELD, JR.
PENNSYLVANIA STATE UNIVERSITY
IONCSPHEREZ RESEARCH LAB

318 ETLECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802
(NC CLASS TZ THIS ADDRESS)
1C8Y  ATTIN

PHOTOMETRICE, INC.

4 ARRCW DRIVE

#OBURN,
3"y

Ma 3180

ATTN IRVING L. KCFSKY

ICNOSPHERIC RESEARCH

LAB

PHYSICAL DYNAMICS, INC,

P.O. BOX 3027

BELLEVUE, WA 98009
01CY ATTN E.J. FREMOUW

PHYSICAL DYNAMICS, INC.

P.C., BOX 10367

CAKLAND, CA 9ud10
ATTN A, THOMSON

R & D ASSOCIATES

PLO. BOX 969¢

MARINA DEL REY, CA 9C291
c12lY TTN FORREST GILMORE
01CY ATTN WILLIAM B. WRIGHT,
01CY ATTN WILLIAM J. KARZAS
01CY ATTN H. ORY
01CY ATTN C. MACDONALD

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

01CY ATTN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
330 WEST 42nc¢ STREET
NEW YORK, NY 10036

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS
INTERNATIONAL INCORPORATED
1150 PROSPECT PLAZA

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

SCIENCE APPLICATIONS
INTERNATIONAL CORPCRATICN
1710 GOODRIDGE DR.

MCLEAN, VA 22102
01CY J. COCKAYNE
0°CY Z. HYMAN

JR.

SRR e R
¥ ¥ L b4



. Al

b ", " ]
LY N N W N X .‘.03\!. 5 .c,"., WA .o [ A}

v
O
v,
b
:"‘;
o
r":'.
"é‘
-:‘«‘
B |
,pﬁ SRI INTERNATIONAL
) 333 RAVENSWOOD AVENUE
Gt MENLO PARK, CA 94025
Sy 01CY ATTN J. CASPER |
st 01CY ATTN DONALD NEILSON
b C1CY ATTN ALAN BURNS
- 01CY ATTN G. SMITH
;né‘ 01CY ATTN R, TSUNODA .
Ay 0'SY ATTN DAVID A. JOMNSON
A 01CY ATTN WALTER G. CHESNUT
Bl 9'SY  ATTN CHARLES L. RIND
1l 012Y ATTN WALTER JAYE .
i 01CY ATIN J. VICKREY
01CY ATTN RAY L. LEADABRAND
. 01CY ATTN G. CARPENTER
e 01CY ATIN G. PRICE
o 0iCY ATTN R. LIVINGSTON
e 01CY ATTN V. GONZALES
*?, 01CY ATTN D. MCDANIEL
B
. TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE i
Y BEDFORD, MA 01730
¥ 01CY ATTN W.P. BOQUIST
5,. TRW DEFENSE & SPACE SYS GROUP
gt ONE SPACE PARK
W REDONDO BEACH, CA 90278
01CY ATTN R. K, PLEBUCH
1y C1CY ATTN S. ALTSCHULER
“Qﬁ' 01CY ATTN D. DEE
W 01CY ATTN D/ STOCKWELL
:;' ’ SNTF/1575
[/
) VISIDYNE
SOUTH BEDFORD STREET
. BURLINGTON, MA 01803
N 01CY ATTN W. REIDY
W 01CY ATIN J. CARPENTER
{34 0'CY ATTN C. HUMPHREY
)
y
ﬁ : UNIVERSITY OF PITTSBURGH
W PITTSBURGH, PA 15213
01CY ATTN: N. ZABUSKY
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