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OPTICAL IMAGING OF A COUPLING REGION
BETWEEN INTER-STREAMING PLASMAS

I. INTRODUCTION

Our studies at higher ambient pressures (> .2 Torr) were aimed at
understanding phenomena in HANE events at altitudes of 100 to 200 km. ror
example, jetting and a ‘turbulent appearing coupling region were seen in

Checkmate. The original1 12,3

NRL simulation experiment (~ 1970) had shown a
turbulent appearing coupling region at higher ambient pressure (> .5 Torr) and
helped to motivate the most recent (high-pressure) HANE studies. Our present
(non-resonant) optical probing diagnostics are useful at these higher
densities. We start with a brief review of the 1970 data.

Visualization of the coupling region between the expanding debris plasma
and the ambient plasma has been an important objective of the HANE simulation
experiments. This has been accomplished by either Zast rchotography of <the
emitted 1light or by using a short-pulse prcbing laser beam. Fast framirng
photography in the 1970 NRL experiment showed a region of strong momentum
coupling., Typically, 10 Joules of laser energy in a 20-45 nsec pulse was used
to produce target debris (CH2) which streamed into an ambient nitrogen cas at
0.1 to 1 Torr. The coupling region in the 1970 experiment was also imaged using
second-harmonic shadowgraphy and was seen to develop a turbulent appearance a%
higher (3 .5 Torr) pressure and at later times.

The time dependence of the coupling region 1is shown in Fig. 1 for an
ambient nitrogen backaround gas at 200 mTorr. The coupling region was well
formed by 53 nsec and was observed out to 92 nsec. These shadowgrams were taken
in the second harmonic light (5320 Angstrom) of the main laser beam. Although
the probe pulse was about 20 nsec in duration, a sweeping action gave an

effective exposure of only a few nanoseconds.

Manuscript approved December 15, 1983.




i S0

The pressure dependence of the coupling recgion is shown in Fig. 2. These
shadowgrams were all taken at 92 nsec and shcw the dependence on “he pressure cf
an ambient nitrogen gas. Above apout 500 mTorr the coupling region shows a
turbulent aprearance. This 1is the phenomena which we want to investicate in the
present experiment. The coupling region opserved in the original exgeriment
shcwed a radius versus time dJependence which agreed with a detcnation wave at
early times (during the main laser pulse) and with a blast wave at later
times. This is illustrated in Fig. 3 fcr a 120 mTorr ambient gas pressure. 1In
the present experiment, with a much shorter laser pulse, the blast-wave scaling

is shown to apply over a lardge range of laser and ambient ccnditions.

II. EXPERIMENTAL BACKGROUND

Dark-£ield shadowaraphy 1s a very useful diadgnostic of the hich-cressure
coupling fronts. In the present experiment, with a shorter (4 nsec) and mcre
energetic (up to 160 Joules) main laser pulse than in the 1970 experiment, the
luminous fronts cbserved with fast (framing) photography were not very well
resolved. Hcwever, by using a very short (300 psec) probing laser pulse and
dark-field shadowgraghy, we have been able to obtain high resclution (few
micrcn), dual-time photographs of structure in the coupling region.

Dark-field shadcwgraphy allows the preferential sampling of the steep-
gradient region of an expanding plasma front and permits two-dimensional
multiple-time recordings on a single photoqraph.4 The dark backaground also
allows one to see faint luminous regions or regions of density variatien (e.qg.,
due to photoionization by front radiaticn) near the coupling region. The
diagnostic is thus well suited for studying phenomena in and near the coupling
region.

The experimental set-up is illustrated in Fig. 4. The seccond harmonic

probing laser beam is incident from the right, parallel to the target surface.
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A 25-cm focal length lens, positioned 50 cm from the target (for one-to-one
imaging) is used to collect the light. Probe licht that 1is not agprec:iably
deflected by the plasma 1is focused by the lens, and blocked by a small opacue
mask at its back £focal plare. This prcéuces a dark cackground. However, light
that passes through the steep-gradient regicn (front) is deflected and then is
redirected by the lens past the mask and recorded. Thus, a bright profile of
the steep-gradient region is recorded on the dark backorcund. The rpurpose cf
the mask can be described more guantitatively as filtering cut the lcnger
transverse spatial wavelengths. Thus, one records the shorter wavelenaths cr
larger wavenumbers which characterize the steeper gradients.

Cn most of the shots, two delayed probing laser pulses were used and sraced
in time to avoid irage superposition. Thus, bricht profiles of the coucling-
front region were cbtained at two times so that frcont cdeceleraticn and break-up
evolution coculd ke seen. The prcke pulses at these two times were filtered with
separate masks. The density of the scattering region was about four orders of
magnitude below the critical density of the probing radiation resulting in
refraction through very small angles (~ 10'4 radian). This placed a severe
restriction on the spatial filtering so that the probe light focused cnto the
masks had to be placed very close (~ 100 micron) to the edge of the masks

{typically around 1 mm dimension).

IITI., EXPERIMENTAL STUDIES AND RESULTS

Conditions for the dark-~field shadowgraphy studies are summarized in Table
I. Data was taken over a large range of laser and amkient gas parameters. The
equal-mass coupling radius dependence on laser energy and ambient pressure was
checked. The laser irradiance (and thus debris velocity) was varied (at a fixed

laser energy) by varying the laser spot size. Although a few shots were taken




with an ambient magnetic field (0.63 kG), the coupling did not apgear to be
magnetic field dependent at the hicher pressures (> .2 Torr) used in the Jdark-
field study. Ripin et al.5 correlates these data using blast-wave mcdel
scaling. We concentrate tere cn discussing the ceneral Zeatures cf rthe cougpling

shells ané the nonuniformities evolving from them.

Table 1 — Dark-field shadowgraphy studies

(VARIATIONS)
0 LASER ENERGY ( 4 TG 160 JOULES)
0 LASER SPOT SIZE (.25 MM OR 1 MM)
0 AMBIENT PRESSURE (.2 TO 10 TORR)
0 AMBIENT COMPOSITION (.9 No + .1 Ho OR He)
0 AMBIENT MAGNETIC FIELD (0 OR .63 «kG)

- - . e e e W = e = = D W -

SPECIA RGETS)
0 TARGET TILTED ABOUT HORIZONTAL AXIS

0 CH TARGETS WITH STRIPES (Al OR Au)




Some of the dependences and structures are presented in the next Zfew
figures. See Fig. 5 for example. The main laser beam 1is incident from the
right. The distances can be judged frcm the 5 mm spacing in the target holder -
seen on the left, The ambient cas was 90 percent nitrogen with 10 percent
hydrogen (as a spectroscopic diagnostic). The targets were 4.6 micron-thick
aluminum foils. The coupling regions (bright rings) are seen at two different
times as they expand to the right. There is also a bright patch, due to probe
light scattered by debris plasma near the target surface, cr due <o emitted
light in the band pass of the filter on the lert, just in front of the tarcet
surface. The bright, narrow, curved region of dense, ablatively accelerated
target material is seen on the left, going to the left. Figure 5 (shot number
13672) shows the coupling region at 52 nsec and 164 nsec after the peak of the
20 Joule main laser pulse. In this case, the ambient nitrccen/hydéroaen cas
pressure was l.5 Torr. One can see a nearly-spherical, sharply-defined ccuplinc
shell of thickness about 300 um. Often the shell exhibits a thin dark region
between two bright regions; this is expected when the shell is thin with steep
gradients on the outer and inner surfaces. There is some evidence at the later
time and larger radius that deviations from the smcoth shell are developing.
The =xposure taken at 52 nsec shows a shell with a radius of curvature of 1 cm
and with structure within the shell consistent with gradient scalelengths of
only 1072 cm. In order to obtain this exposure, it was necessary to have the
focus of the collimated probe beam only 1072 cm from the edge of the mask.
Using this information and the 25-cm focal length of the lens, one can place a
lower limit on the density sampled.

A method for estimating the minimum density consistent with the dark-field
and shell parameters is outlined in the appendix. We note that the second-
harmonic probe light must have been refracted in the front region by at least

10-2 cm/25 cm or by 4 x 10-9 rad in order to clear the mask and be recorded.
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The angle of refraction % is seen to depend cn the gradient of the refrac<ion
index alcng the ray trajectory. Fcr a fully-ionized plasma {where electron
refractivity dominates) the index 1is shown in terms c¢f the electrcn density n
and critical density (1021 =m™3) n. at the nain laser wavelencth. Since
refraction is weak cne could take the path lencth & thrcuch the shell as the
diameter of a chord with the penetration depth s related to 4 by the sagitta
formula. If the peretration depth is about a gradient scalelength L, then n/ng
is of the order of by 3/-172?._ Alternatively, if we use Bouguer's relaticn,
which 1is valid for spherical symmetry, we can express the refraction angle as an
integral over radius and thus avocid the problems of working with an unkncwn ray
trajectory. The density racio n/n, can than be expressed in terms of the
closest point of apprcach a to the center of spherical symmetry and <the impact
carameter b = an(a). For a tnin shell, a is aporoximately r, the racius of
curvature. For weak refraction by a thin shell, cne can expand abcut the lcwer
limit {a singularity) of the integral and chcose an upper limit cut-off to

get, n/n. = 9vL/2r. Since 5 > 4 x 1074, we find n > 10'7 em”3. Actually,

spectroscopy shows that the electron density in the shell is around 1018 cm'3,
which is substantially higher =<han cur lower limit.

Returning now to a discussion of features observed under different
experimental conditions, we consider a shot (number 13630) where the ambkient
pressure is increased to 3.2 Torr. See Fig. 6. Here, the energy in the main
laser pulse was 46 Joules. The observation times were 52 and 96 nsec for this
and the remaining shadowgrams. The deviation from spherical symmetry 1is now
apparent. A single protuberance or aneurism is seen to be growing in cime. The
light-dark-light pattern is seen in both the initial shell and aneurism.

As the ambient pressure is increased still further to 5 Torr, as shown in

Fig. 7, the aneurisr is clearly developed, even at the earlier time (52 nsec).




Fer this shot (number 13621), an additicnal small aneurism 1is also seen
developing at the base of the large aneurism. The energy of the main laser

pulse was 38 Jcules for this shot. An (cut of focus) image of the magnetic

inducticn ccil is seen on the right. Possible mechanisms causing the aneurism
and £rcnt break-up are discussed elsewhere.>~8 rThe deceleration of the frent

could play a role in the break-up mechanism, There is adequate time £for the
‘l Rayleigh~Tavler instability to evclve, if present, althcuagh the development cf a
single prctuberance and the growth cf wavelengths so much creater than the €front
thickness 1is difficult fto understand. Also, because of the heating ané mass

moticn in the decelerating coupling region, free convecticn could play a rcle in

the front break-up., A pericdic structure along the frcnt can be seen on this
shet but cratributicns frem the diacnostic cannot be ruled out.

2s the laser energy is lowered to 8.6 Joules at cthe S Torr pressure, the

[o)]

front break-up starts to shcw a more ccmplicated structure as is seen in Fiag.
for shct number 13642. When the laser energy is lowered still further to 4.1
Joules, as shown in Fig., 9 for shct number 13641, the €frcont shows multiple
break-up. The special targets, menticned in Table I, were also used tc provide
additicnal informaticn on the aneurisms. In order tc check whether the aneurism
is related to the incident laser path, the target was tilted abcut 15 degrees
abcut a horizontal axis on shot number 13684. The aneurisms appeared in a
position meore along the target normal than the direction cof the incident
laser. We also tried tc induce aneurisms by using structured targets. A taraget
with 50 micron wide aluminum stripes and a 50 micron spacing on a CH plastic
ﬁ‘ film support was used on shot number 12658. Althcuch about 3 stripes were in
the focal regicn, the aneurisms were only seen in the central region of the

front. However, a similar shot (number 13683) with gold stripes (instead of

aluminum, which prcduced larger 2Z/A variations across the target surface) did




show some aneurisms forming to either side of the central regicn. This prcvicdes
some evidence that the aneurisms can be seeded in the targe=t structure.
frent

Another <feature, cbserveé on & few shcots, was a £faint secondary

turked recicn ahead of <the main

W

located just outside of the main frcnt. A di

rted from the frent or by heat conducted

¥

ront could be prcduced by light em

sl

from the front. In this case, the observed imace is prcbably due *o probe light
being refracted by a gentle (weaker than the shock front) denrsity gracdient.

Fmitted light frem the outside region is not a likely contributcr since it weuld

be smeared by the mction of this regicn, whereas the observed seccndary frcnts

appear well resolved.

IV. CONCLUSION

In summarv, there are several features that can be easily seen in the dark-
fielé shadowgrams: (1) There is a well-defined, thin, nearly-spherical frent or
coupling rzgicn that is slowing down, indicating mass pick-up, (2) Under scme

conditions (higher pressure, lower energy and later time) the f£rcnt snhows break-
up, or marked departure from a spherical shape, (3) When conditicns are Jjust
marginal for break-up, the front tends to fcrm a single protuberance or aneurism
which grows in time, (4) Further into the unstable regicon, the £front shows
multiple break-up, (5) Periodic structure is scmetimes seen along the front, and
(6) On some shots, a fainter secondary front is sometimes seen ahead of the main
ccupling region.

Finally, we point out scme further areas of promising optical diagnostic
development for the NRL HANE simulation. These include: (1) Resonant
scattering with a dye laser tuned to an ion resonance. This will extend the
studies to lcwer density and allow us to carry out species-specific

scattering. We could, for example, scatter off of particular debris cr ambient

ions, (2) 1Imaging the Fourier-Transform plane will allow us to record the




angular scatter of a probe light passing through various structures. This would
allow a measure of the plasma power function P(w,k). (3) Dpark-field
shadowgrarhy is one example of spatial filtering in the Fourier-Transform
plane. There are other selective filter schemes which we could consider. (4)
Wwe could wutilize ‘the ©polarizations of scattered probe light to «cbtain
information about structures aligned along the magnetic field or, if the field
is large enough, measure the magnetic field itself with Faraday rotation. (5) A
longer wavelength laser could be considered for several optical diagnostics of
lower density phenomena, and (6) Optical diagnostics being developed to study
*he Rayleigh-~Taylor instability in the ablatively accelerated targets will give
information on the diassembly phase.9 For example, the angular pattern of light
scattered, at a steep angle of incidence, from the heated side of the tarcet

gives information on a high-density (for optical probing) periodic structure.
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Fig. 3 — Original NRL/HANE Experiment: Radius of coupling region versus time for shots in
a 120 mTorr ambient nitrogen gas. The variation follows that of a detonation wave at early times
(during the main laser pulse) and follows that of a blast wave at late times.
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R-1023

Fig. & Dual-time, dark-field shadowgram of a shock front in a 1.5 Torr (90 No + 107 Ho) gas.
I'he observation times were 52 nsec and 164 nsec. the incident laser energy was 20 J, and a 630 gauss
magnetic field was present, into the plane of the paper. The shock (coupling region) is seen (at the
two times) as the two, thin, large, bright, nearly-circular regions on the right. The smaller, broad,
bright region in the right near the initial target is prohably due to probe light scattered by slow
moving debris plasma. A smaller, thin, irregular hright region of ablatively-accelerated dense target
material is seen on the left. Sizes can be judged by the approximately 5 mm gap in the target holder
Shot number was 13672,
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Fig. 6 — Shadowgram of a shock front in a 3.25 Torr (No,Ho) gas. The laser energy was 46 J and
the times were 52 and 96 nsec. A single protuberance or aneurism is seen, growing in time. Shot
number was 13630.
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Fig. 7 — Shadowgram of a shock front in a 5.0 Torr (No. 1) gas. The laser energy was 38 J and
the times were 52 and 96 nsec. The aneurism is elearly developed, even at 52 nsec. Note, the
additional, small aneurism developing at the base of the large aneurism. Shot number was 13621
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R-1027

Fig. 8 — Shadowgram of a shock front in a £.0 Torr (No,Hg) gas with less (8.6 J) laser energy on
target. Times were 52 and 96 nsec. The aneurism shows a more complicated structure. Shot
number was 13642,
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Fig. 9
on target

Shadowgrat

Times wer

of multiple ancurisn

f a shock front in a 5.0 Torr (Na1lo) gas with still less (1.1 J) laser ener
12 and 96 nsee. Note the complicated shock break-up, showing the grow
Shot munber was 13611
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Appendix: Density Fstimate from Refraction

Xo Angle of refraction (seconé harmenic probe)

9 =/ |Ynlas; n = nn; n = /1-n/4n_

II. Spherical shell (n/n, = exp-(r-r,)/L)

A. Sagitta Formula

a = /Brs
LozIe Ly /%% 3, if s = L
c Yors

B. Bouguer's Relation (b = an(a) = ra(r)sin Z (R,r)

dr

/r‘n“(r) - b

6 =m -2 S
a

L = L
File VEE 8 , for 9 << 1 and L/a, L/ro, (a-ro)/ro<< 1

1 -2 -4 2
n > 10 cm for 9 > 10 /25 = 4 x 10 and n, = 10

L = 1072 em, r = 1 cm
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4 01CY ATTN ATC-R DOM RUSS

PROGRAM MANAGER
BID PROGRAM OFFICE

5001 EISEIROWER AVENUE
ALEXANDRIA, VA 22333

{ OlCY ATIN DACS-3MT J. SHEA

CHIEF C~E- SERVICES DIVISION
U.S. ARMY COMMUNICATIONS CMD
PENTAGON RM 13269
WASHINGTON, D.C. 20310
01CY ATTIN C- E-SERVICES DIVISION

——— - -

COM'ANDER i
FRADCOM TECHNICAL SUPPORT ACTIVITY
DEPARTMENT OF THE ARMY

FORT MCWMOUTH, N.J. 07703

O1CY ATTN DRSEL-NL-RD H. BENNET

OICY ATTY DRSEL-PL-INV K. BOMKE

01CY ATIN J.E. QUIGLEY
COIMANDER

U.S. ARMY COMM~ELEC ENGRC INSTAL AGY
FT. HUACHUCA, AZ 85613
01CY ATTN CCC-IMEQ GEORGE LANE

COMMANDER
U.S. ARMY FOREIGN SCIENCE & TECH CIR
220 7TH STREET, MNE
CHARLOTTESVILLE, VA 22901
01CY ATIX DRXST-SD

COMMANDER
U.S. ARMY MATZRIAL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
01CY ATIN DRCLDC J.A. BENDER

COMMANDER

U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 3ACKLICK ROAD

BLDG 2073

SPRINGFIELD, VA 22150

01Ct ATTH LIBRARY

DIRECTCR
U.S. ARIMY BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MD 21005

OICY ATIN TECH LIBRARY EDWARD 3AICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MOXNMOUTH, WJ 07703
01CY ATIN JOCIRMENT CONTROL

COMAANDER
U.S. ARMY MISSILE INTELLIGENCE AGEXNCZ
REDSTONE ARSENAL, AL 353039

01CY ATTN JiId GAMBLE

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

0ICY ATIN ATAA-SA

01CY ATTN TCC/F. PAYAN JR.

O1CY ATIN ATTA-TAC LTC J. HESSZ

COMMANDER

NAVAL ELECTRONIC SYSTEMS COMMAND

WASHINGTON, D.C. 20350
0ICY ATTH NAVALEX 034
01CY ATIY PME 117
01CY ATTN PME 117-T
01C7 ATTM CODE 5011

T. BUGHES

COMMANDING OFFICER

NAVAL INTELLIGENCE SUPPORT CTR

4301 SUITLAND ROAD, BLDG. 5

WASHINGTON, D.C. 20390
OLlCY ATTIN iIR. CUBBIX
0l1CY ATIN NISC-50
0l1CY ATIN CODE 5404 J. CALET

STIC 12

COMMANDER
NAVAL OCCEAN SYSTEMS CENTER
SAN DIEGO, CA 92152

01CY ATTN J. FERGUSON




NAVAL RESEARCH LABORATORY
WASHINGTON, DC 20375
01CY ATTN CODE 4700 S.L. OSSAKOW
26 CYS IF UNCLASS, 1 CY IF CLASS
01CY ATTN CODE 4701 [. VITHOVITSKY
01CY ATTY CODE %780 J. Huba (10
CYS IF WNCLASS, 1 CY IF CLASS)
0lCY ATTM CODE 7500
01CY ATTM CODE 7550
01CY ATTN CODE 7580
01CY ATTN CODE 7551
01CY ATYN CODE 7555
01CY ATTN CODE 4730 E. MCLIAN
01CY ATTM CODE 4108
01CY ATTM CODE 4730 8. RIPIM
20CY ATIN CODE 2628
100CY ATTN COTE 4730

COMMANDER
NAVAL SEA SYSTEMS COMMAND
WASHINCTON, DC 20362

01CY ATTN CAPT R. PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DRALCREN, VA 22448

01CY ATTN CAPT J.H. BURTCN

CFFICER-IN=-CIARCE

NAVAL SURFACE WEAPCMS CENTER

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

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE MNAVY
WASHINGTON, DC 20376
01CY ATIN NSP-2141
01CY ATTN NSSP-2722 FRED WIMBERLY

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448

01C? ATTN CODE DF-14 R. SUTLER

CFFICE OF NAVAL RESEZARCH

ARLINCTON, VA 222L7
01CY ATTN CODE 465
01CY ATTN CODE 461
01CY ATTN CODE 402
01C? ATTYM CODE 420
01CY ATTN CODE 421

CCMMANKDER
AERQSPACE DEFENSE COMMAND/CZC
DEPARTMENT OF THE AIR FORCI
EXT aF3, CO 90312

01CY AT DC MR. LOXNC

COMVANTDER AEROSPACT DEFENSE COMMAND/XPD
DEPARTMENT OF THE AIR FORCE
ENT aF8, CO 80912

01CY ATTN XPDQQ

01CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY AITN OPR HARCLD CARDNER

0ICY ATIN LKB KENNETH S.w. CHAMPICN

01CY ATTN CPR  ALVA T. STAIR
01CY ATIN PHD JURGZN BUCEAC
01CY ATTY PHD JOEN P. MULLEXN

AF WEAPONS LABORATORY
KIRTLAND AF3, M 87117
01CY ATIN SUL
01CY ATTN CA ARTHUR H. GUENTHER
0LCY ATTN NTYCZ LT. G. XRAJEIL

AFTAC

FATRICX AFB, FL 32925
01CY ATTYN TF/MAJ WILZY
01CY ATTHN T

AIR FORCZ AVIONICS LABOPATORY
WRIGHT-PATTERSON AFB, CH 435433
01CY ATIN AAD WADZ BUNT

01CY ATTN AAD ALLEYM JCHNSON

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF THE AIR FORCE
WASHINGTON, OC 20030

01CY ATIN AFRDQ

EEADQUARTERS

ELECTRONIC SYSTEMS DIVISICN

DEPARTMENT OF THE AIR FORCZ

HANSCOM AF3, MA 01731
01CY ATIN J. DEAS

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YSEA
DEPARTYENT OF THE AIR FORCT
BANSCOM AFB, MA 01732

01CY ATTN YSEA
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HEADQUARTERS
ELECTRONIC SYSTEMS DIVISICH/DC
DEPARTIENT OF THE AIR FORCE
HANSCOM AF3, MA 01731

01CY AITXN DIKC MAJ J.C. CLARK

COMMANDEIR
FO2SIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433
0lICY ATIN NICD LIBRARY
01CY ATTN ETDP B. BALLARD

COMMANTER
RO)E AIR DEVELOPMENT CENTER, AFSC
CRIFFISS AFB, MY 13441
01CY ATTN DOC LIBRARY/TSLD
QlCY ATIN OCSE V. COYNE

SAMSO/52

POST OFFICE BOX 92960

WORLDWAY POSTAL CENTZR

LOS ANCELES, CA 90009
(SPACE DEFENSE SYSTEMS)
QlCY ATIY sz2J

STRATEGIC AIR CCOMMAND/XPFS

OFFUTT Ar3, XB 68113
0iCT ATIN ADWATE MAJ 3RUCZ BAUER
0lC? ATTN NRT
01CY ATIN DCX CHIZF SCIENTIST

SAMSC/SK
P.0. BGCX 92960
WORLDGAY POSTAL CENTER
LOS ANGZLES, CA 90009
01CY ATTN SKA (SPACE COMM SYSTEMS)
M. CLAVIN

SAMSO/:0i
NORTON AFB, CA 92409
(MINUTZMAN)

0lCY ATTN WL

COMIANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCO:l AFB, A 01731

01CY ATTYN EEP A. LORZSNTZEN

DEPARTMENT OF ENERGY
LIBRARY ROO:M G-042
WASHINGTON, D.C. 20545
01C7 ATTN DOC COX FO2 A, LABOWITZ

.

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.0. BOX 5400
AL2UQUERQUE, NM 8711S
01CY ATTN DOC CON FOR D. SHERWOGD

EC&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809
LOS ALAMOS, NM 85544
01C¥ ATIN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALTFORNIA

LAWVRENCE LIVERMORE LABORATORY

P.O. 30X 808

LIVERMORE, CA 94550
0ICY ATTY DOC CON FOR TECR INFO DEPT
0ICY ATTN DOC CON FOR L~389 R. OTT
OICY ATTN DOC CON FOR L-31 R. HAGER
01CY ATTN DOC CON FOR L-46 F. SEWARD

LOS ALAMOS NATIONAL LABORATIORY

P.0. BOX 1663

L0S ALAMOS, NM 87545
Q1CY ATTN DOC CON FOR J. WOLCOTT
OICY ATIN DOC CON FOR R.F. TASCIEK
01CY ATTN DOC CON FOR E. JONES
01CY ATTN DOC CON FOR J. MALIK
Q1CY ATTN DOC CON FOR R. JEFFRIES
01CY ATTH DOC CON FOR J. ZILid
01CY ATTN DOC CON FOR P. KEATON
01CY ATTH DOC CON FOR D. WESTERVELT
01CY ATITH D. SAPPENFIELD

SANDIA LABORATORIES
P.0. BOX 5800
ALBUQUERQUE, ¥M 87115
01CY ATTIN DOC CON FOR W. BROWX
01CY ATTIN DOC CON FOR A. THORNBROUGH
0lCY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DOC CON FOR D. DANLGREN
01CY ATTN DOG CON FOR 3141
01CY AT DOC CON FOR SPACE PROJECT DIV

SANDIA LABORATORIES

LIVERMORE LABORATORY

P.0. 50X 969

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

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

0I1CY ATIN DOC CON DR. YO SONG




OTHER GOVERNMENT

DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234
0lcY (ALL CORRES: ATTN SEC OFFICER FOR)

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECCMMUNICATIONS & INFO ADMIN
BOULDER. CO 80303

01C"~ ATIN A. JEAN (UNCLASS ONLY)

(1] ATIN W. UTLAUT

0lC: ATIN D. CROMBIE

0lCY ATIN L. BERRY

NATICNAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

OlCY ATTN R. GRUBB

OlCY ATTS AERCHOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. BOX 92957

LOS ANGEZLES, CA 90009
0l1CY ATIN I. GARFUNKZL
0l1CY ATTN T. SALMI
0ICY ATIN V. JOSEPHSON
0lCY ATIN S. BOWER
OICY ATIN D. OLSEN

ANALYTICAL SYSTENMS ENGINZERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 01803

01CY ATTN RADIO SCIENCES

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

OICY ATTY L. SLOAX

0lC? ATIN R. THO!PSON

BERKELEY RESEARCH ASSOCIATES, INC.
P.0. BOX 983
BERKELZY, CA 94701

0I1CY ATTY J. WORKMAN

0iCY ATTH C. PRETTIZ

01CY ATTN S. 3RECHT

25

BOEING COMPANY, THE

P.0. BOX 3707

SEATILE, WA 98124
0ICY ATTIN G. KEISTER
01CY ATTH D. MURRAY
0I1CY ATTS G. HALL
OICY ATIN J. KENNEY

CHARLES STARK DRAPER LA3ORATORY, INC.
555 TECANOLOGY SQUARE
CAMBRIDGE, MA 02139

01CY ATIN D.B. COX

01CY ATTM J.P. GILMORE

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATTIN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

0ICY ATTN D.T. FARLEY, JR.

ELECTROSPACE SYSTEMS, INC.
BOX 1259
RICHARDSON, TX 75CS80
01CY ATTIN H. LOGSTON
01CY ATTN SECURLTY (PAUL PHILLIPS)

EOS TECHNOLOGIES, INC.

606 Wilshire 31vd.

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

ESL, INC.

495 JAVA DRIVE

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

GENERAL ELECTRIC COXPANY
SPACE DIVISION
VALLEY FORGE SPACEZ CTENTEZR
GCODARD BLVD KING OF PRUSSIA
P.0. BOX 8555
PHILADZLPHIA, PA 19101
0lCY ATTN M.H. BORTNER SPACT SCI LA3

GENERAL ELECTRIC COMPANY
P.0. 30X 1122
SYRACUSE, NY 13201

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

GEOPYYSICAL INSTITUTE

UNIVERSITY OF ALASKA

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

TE SYLVANLIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN OV
77 A STREET
NEEDHAM, MA 02194

01CY ATTN OICX STEINHOF

HSS, INC.
2 ALFREO CIRCLE
BEDFORD, MA 01730

O1CY ATTN OONALO HANSEN

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

150 OAVENPORT HOUSE

CHAMPAIGY, IL 5132
(ALL CORRES ATTN DAN MCCLELLAKND)
01CY ATTN X. ¥EH

INSTITUTE FOR DEFENSE ANALYSES
1801 NO. REAUREGARD STREET
ALEXANDRIA, VA - 22311
O1CY ATTYH J.M. AEIN
01CY ATTN ERNEST BAUER
O1CY ATTN HANS WOLTARD
01CY ATTN JOEL BENGSTION

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

01CY ATTN TECHNICAL LIBRARY

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

26

JORNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAO
LAUREL, MD 20810
UICY ATTN OOCUMENT LIBRARIAN
01CY ATTH THOMAS POTEMRA
O1CY ATTN JOHN OASSOULAS

‘KAMAN SCIENCES CORP

P.0. BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN T. MEAGHER

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

O1CY ATTN DASIAC

0iCY ATTN WARREN S. RNAPP

01CY ATTN WILLIAM MCNAMARA

O1CY ATTN B. GAMBILL

LINKABIT CORP

10453 ROSELLE

SaN DIEGO, CA 92121
01Ct ATTN IRWIN JACOBS

LOCIYHEED MISSILES & SPACT CO., INC
P.0. 30X 504
SUNNYVALE, CA 94088

01CY ATTIN DEPT 60-12

01CY ATTYH D.R. CHURCHILL

LOCKHEEO MISSILES & SPACE CO., INC.
3251 HANOVER STREET
PALO ALTO, CA 34304
01CY ATTY MARTIN WALT DEPT 52-12
01CY ATTN W.L. 1IMIOF DEPT 52-12
N1CY ATTY RICHARD G. JOHNSON OEPT 52-12
01CY ATTN J.B. CLADIS OEPT 52-12

MARTIN MARIETTA CORP
ORLAXDO OIVISION
P.0. 30X 5837
ORLANDO, FL 32805
01CY ATTN R, AEFFNER

M.1.T. LINCOLN LABORATORY

P.0. BOX 73

LEXINGTON, MA 02173
O1CY ATTY DAVID M. TOWLE
01CY ATTIN L. LOUGHLIN
OLCY ATTN O. CLARK
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MCDONNELL DOUGCLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
01CY ATTY¥ N. HARRIS
0l1CY ATTN J. MOULE
O1CY ATTN GEORCE MROZ
01CY ATIN W, OLSON
01CY ATTN R.W. HALPRIN

01CY ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATIONM

735 STATE STREET

SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01CY ATIN W.F. GREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATIN R. BOGUSCH
01CY AITN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATITN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M. SCHEIBE

01CY ATIN GONRAD L. LONGMIRE

01CY ATTN B. WHIT

MISSION RESEARCH CORPORATION
1720 RANDOLPH ROAD, SE
ALBUQUERQUE, ¥M 87106

01CY ATTY R. STELLINGWERF

O1CY ATTN M. ALME

O1CY ATTM L. WRIGHT

MITRE CORPORATION, THE
P.0. BOX 208
BEDFORD, MA 01730
01CY ATITN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATIN G.E. CALLAHAN

MITRE GORPORATION
WESTGATE RESEARCE PARK
1820 DOLLY MADISON BLVD.
MCLEAN, VA 22101
01CY ATTM W. HALL
01CY ATIN W. FOSTER

PACIFIC-SIERRA RESEARCH CORP.
12340 SANTA MONIGA BLVD.
LOS AMGELES, CA 90025

01C? ATTIN E.C. FIELD, JR.

27

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

(N0 CLASS. TO THIS ADDRESS)

01CY ATTN IONOSPHERIG RESEARCH LAB

PROTOMETRICS, INC.
4 ARROW DRIVE
WOBURN, MA 01801
O1CY ATTN IRVING L. KOFSKY

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

01CY AITN E.J. FREMOUW

PHYSICAL DYNAMICS, ING.
P.0. BOX 10367
OAKLAND, CA 94610

01CY ATIN A. TEOMSON

RSD ASSOCIATES

P.0. BOX 9695 .

MARINA DEL REY, CA 90291
0ICY ATTN FORREST GILMORE
01CY ATTIN WILLIAM B. WRIGHAT, JR.
01CY ATTH ROBERT F. LELEVIER
01CY ATTY WILLIAM J. KARZAS
01CY ATIN H. ORY
01CY ATTN C. MAGDONALD
01CY ATIN R. TURCO
01CY ATIN L. DeRADD

RAND CORPORATION, THE

1700 MAIN STREET

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

RAYTHEON COMPANY
528 BOSTON POST ROAD
SUDBURY, MA 01776

01CY ATTN BARBARA ADAMS
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SCIENCE APPLICATIONS, INC.

P.0. BQX 2351

LA JOLLA, CA 92038
01CY ATTN LEWIS M. LINSON
01CY ATIN DANIEL A. HAMLIN
01CY ATIN E. FRIEMAN
01CY ATIN E.A. STRAXER
O1CY ATTIN CURTIS A. SHITH
01CY ATIN JACK MCDOUGALL

SCIENCT APPLICATIONS, LY
1710 GOODRIDGE Da.
MCLEAN, VA 22102

ATTN: J. COCRAYNE

SRI INTERNATIONAL

333 RAVENSWCOD AVENUE

MENLO PARK, CA 94025
0ICY ATIN DONALD NEILSON
0I1CY ATTY ALAN BURNS
01CY ATIX G. SMITH
OlCY ATIN R. TSUNODA
01CY ATTY¥ DAVID A. JOHNSON
O01CY ATTN WALTER G. CHISNUT
01CY ATTY CHARLES L. RINO
0iCY ATTN WALTER JAYE
01CY ATIN J. VICLREY
01CT ATTIR RAY L. LIADABRAND
O0l1CY ATIN G. CARPENTER
01C? ATIN G. PRICEZ
0l1C7 ATIN R. LIVINGSTON
O1CY ATIN V. GONZALES
01CY ATIN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WICGINS AVENUE
BEDFORD, MA 01730

01CY ATIY W.P. BOQUIST

TOYON RESEARCH CO.

P.0. Box 6890C

SANTA BARBARY, Ca 93111
01CY ATITY JO4UN ISE, JR.
CICY ATTYW JOEL GARBARIND

28

TRY DEFENSE & 3PACE SYS GrOUP

ONE SPACE PARK

REDONDO BEACH, CA 90272
01CY ATTX R. K. PLEBUCH
01CY AITN S. ALTSCHEULIR
0lCcY ATIN D. DZE
OICY ATTN D/ STOCKIELL

SNTF/1575

VISIDYNZ

SOUTH BEDFORD STREET

BURLINGTON, MASS 01803
01CY ATIN W. REIDY
01CY ATZN J. CARPENTER
0ICY AITN C. HMPHREY
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