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SPECTROSCOPIC MEASUREMENTS OF THE LASER-HANE PLASMA

I. Introduction

One aspect of the laboratory simulation of ANE phenomena using a

laser-target interaction is the measurement of the temperature and plasma

densities in the photoionized region ahead of the blast-wave front and also at

and behind the blast-wave front. Such measurements can then be used to check

computer codes written to simulate such an event. Time-integrated and time-

resolved spectroscopy is used here to make these measurem'nts, and the results

of the first experiment will be given. Spectroscopy has the advantage of

being a passive measurement, requiring no physical probes or intense beams

which may perturb the plasma during the measurement. Spectroscopy has the

disadvantage of not giving complete spatial resolution, unless an Abel

inversion procedure is performed, since it integrates along the optical path

of the accepted rays. However, we do get some spatial resolution by making

our observation at a known distance from the target surface. Data taken in

higher pressure regimes, 1.5-5 Torr, will be emphasized in this paper.

II. Description of Optical Arrangement

The physical layout of our experiment is shown in Fig. 1. The laser

beam is incident onto the target from the left, having been focused by an f/6,

1.2-m lens to a focal spot between 250 urm and 1000 Um in diameter. During the

course of the experiment, both the laser energy and pulse duration were also

varied to produce the desired ion velocities. The target is either a carbon

or aluminum foil, typically 4-10 pm thick, and the background gas present in

the target chamber is nitrogen, hydrogen, or a mixture of 90% N2 and 10% H2 at

pressures ranging from 15 mTorr to 5 Torr. (This corresponds to the range of

pressures of HANE events of interest.)

Manuscript approved December 12, 1983.



An optical train to observe the plasma luminosity is set up perpendicular

to the laser beam and parallel to the target surface, with the axis of the

optical train located 1 cm from the target. In some experiments an aperture

is placed between the target surface and the line-of-sight so that the length

of the photoionized region can be more accurately measured. (In the

experiments described here, this aperture was not used, because observations

of both the photoionized plasma and the debris plasma were made, and

collisions of the debris with the aperture would have produced undesired

spectral intensities.) Most of the measurements were made with the optical

train shown in Fig. 1, which consists of a f/2.5, 9-cm f.l. lens, a plane

mirror, and a concave mirror. The concave mirror has a 16-inch focal

length. This optical train focuses the image of the plasma (magnified 4.25

times) onto the slit of a 1-m spectrograph-monochromator, equipped to take

either photographic, time-integrated spectra or else time-resolved spectral

data. A RCA-1P28 photomultiplier connected to a fast oscilloscope (Tektronix

7104) gives a system rise time of 3 nsec. The entire optical train including

the spectrograph and the photomultipliers is calibrated in situ on an absolute

scale using a calibrated tungsten lamp.

III. Time-Integrated Spectra

Before any time-resolved spectral data were taken, a time-integrated

survey was made of the spectra in the wavelength region from 3000 A to

6500 A. The spectra were recorded on Polaroid 57 film (ASA 3000) and a

suitable exposure could usually be made using one shot of the laser. This

data, even though time-integrated, shows which spectral lines are present in
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the discharge and gives a rough indication of the relative intensity of the

lines.

Figure 2 is a typical spectrum showing the region 3300 A - 4200 A. The

conditions for this shot are as follows: a laser pulse (120 J, 4.5 nsec) is

focused onto an aluminum foil target (4.5 microns thick) in a background of

nitrogen gas at a pressure of 165 mTorr. The spectrograph views the plasma

located 1 cm from the target surface. A wavelength calibration of the

spectrum is made prior to the shot by superimposing the spectrum from a Hg

vapor light source. The la.-er-plasma spectrum shows the molecular bands N2

3371.3 A, N2) 3576.9 A, N2
+ 3884.1 A, and N2

+ 3914.4 A; and numerous nitrogen

atomic ion lines including Nil, NIII, and NIV lines. (Other spectral plates

showed NI lines.) Also, the target spectral lines of AZ1, Alll and AIII are

clearly seen. From these photographic spectra, one can choose suitable

spectral lines for time-resolved observation using a monochromator with

photoelectric recording. The data given in the remainder of the report will

be taken with photomultiplier recording.

IV. Time-Resolved Spectral Data

One of the main reasons for taking time-resolved data is that it allows

one to separate the photoionized region of the plasma from the plasma region

which has been heated by the target debris. Also, photoelectric recording

makes it much easier than photographic recording to make absolute intensity

measurements of the spectral lines and the continuum.

In the results that are presented here we will be making measurements at

three ambient gas pressures, which simulates three different atmospheric

altitudes. The three pressures are 15 mTorr of nitrogen, 1.5 Torr of a 90%



nitrogen and 10% hydrogen mixture, and 5 Torr of the 90% N and 10% H,

mixture. (The N2 , H2 mixture was used because we had hoped to use the profile

of one of the hydrogen Balmer lines as a measure of electron density. Due to

the low intensity of this line, this technique proved to be impractical, so we

used other spectroscopic techniques to determine N e.) It is felt that the

small concentration (10%) of hydrogen is going to have little effect on the

hydrodynamics or temperatures and densities of the target debris-plasma

interaction.

V. Data Taken at Pressures below 1 Torr (No,,E)

Three different spectral lines are time-correlated in Figure 3; the

molecular ion line !72) 3914 A, the singly-charged nitrogen I in 7

3995 A, and the carbon (hydrogen-like) ion CV! 3434 A. These were obtained

under conditions of 15 mTorr N2 (".9 x 1014 molecules/cm3 or 9.8 x IC I

atom/cm3 ) and a 1.5 mg/cm2 carbon foil target; the bandwidth of the observed

signal was 3 A. As before, for all the runs described here the plane of

observation was perpendicular to the laser axis and 1 cm from the target. The

laser energy was 8 J in a 3.5-nsec FWFUi pulse. The time t=O corresponds to

the time of the peak of the laser pulse. It is readily seen that the N_

3914 A line intensity rises rapidly from t=() and then has an apparent second

peak at about t=30 nsec. However, the NI1 3995 A line has negligible

intensity until about t-23 nsec and then rises rapidly to a peak at about t-30

nsec. The CVI 3434 A line has a similar rise time behavior to that of the

NIl 3995 A line. From these results, we can conclude that the x rays and the

LV emitted during the laser-target period can excite and ionize the molecular

nitrogen, but do not have sufficient flux to dissociate and further ionize the
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higher species of ionization. However, collisions between the target debris,

whose time history is clearly indicated by the CVI 3434 A signal, and the

background plasma can easily excite the Nil 3995 A line.

Since we know the time of the peak of the CVI signal and the distance to

the point of observation we can determine an average velocity, e.g., 3.3 x 107

cm/sec, for the conditions shown in Fig. 3. Also, the full-width-half-maximum

of the CVI temporal signal of 10 nsec indicates that the debris shell has a

thickness of about (3.3 x 107 cm/sec) x (10 x 10 - 9 sec)= 0.33 cm. This is

consistent with the shell thickness inferred from dark-field shadowgrams.

Another example of these velocity measurements is shown in Fig. 4, where the

velocity was measured as a function of the laser energy for hydrogen gas at 15

mTorr pressure. Most of the data were taken with a magnetic field aligned

perpendicular to the laser beam, but several of the shots had no magnetic

field. The velocity rises quite rapidly with laser energy up to about 10 J on

target and then continues to rise but at a much slower rate. There appears to

be no dependence of the velocity on the magnetic field. The values of

velocity measured using this technique agree favorably with the velocity

measurements using time-of-flight charge collectors.

In Fig. 5, the peak intensity of the CVI 3434 A line is plotted as a

function of the incident laser energy. The background gas is hydrogen a, a

pressure of 15 mTorr. It is noted that the peak line intensity increases

linearly with laser energy. However, if the CVI 3434 A peak line intensity is

plotted against pressure of hydrogen for a constant laser energy of 1.5 J as

seen in Fig. 6, the line intensity was observed to have a strong minimum in

the neighborhood of 5 mTorr pressure. This is may be associated with charge-

exchange effects, but needs further work to explain it in detail. There is

insufficient data at 15 mTorr to calculate temperatures and densities in the
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photoionized and debris regions of the plasma.

VI. Data Taken at Pressures above 1 Torr (90% N2 + 10% H,)

A. l.5-Torr Case.

A time comparison of nitrogen molecular bands with nitrogen atomic and

ionic lines at an ambient density of 4.9 x 10 1 6 molecules/cm3 (9.8 x 1016

atoms/cm 3 ) is shown in Fig. 7. As before, for all the runs described here the

plane of observation was perpendicular to the laser axis and 1 cm from the

target and t=0 corresponds to the tine of the peak of the laser pulse. The

Laser energy was - 25 J in a 4.5-ns FWI-Y pulse. The target is an aluminum

foil about 2 mm wide and a.6 -m thick. The N- 3371 4 band and the Y2

3914 A band have a very similar temporal behavior, i.e., both bands peak at

about the same time during the laser pulse with no significant rise at the

time the debris passes the point of observation. The NI 4256 A line, on the

other hand, shows a distinct peak during the time of the laser pulse and then

a second even larger peak when the debris comes by. The NIIL 3995 A only shows

a small peak during the laser pulse and a much larger peak when the debris

collides with the background plasma, and the NIII 4379 A shows no intensity

until the debris appears. Clearly, under these conditions photoionization

alone cannot completely dissociate and ionize the atoric ions.

B. 5.O-Torr Case.

A similar time comparison of nitrogen molecular bands and atomic and

ionic lines for an ambient gas pressure of 5 Torr is shown in Fig. 8. Other

conditions are the same as those described in Fig. 7. Although the molecular
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bands N) 3371 A and N2
+ 3914 A have a similar sharp rise to that of the 1.5-

Torr case, both have a second peak at the time the debris arrives at the point

of observation. This second peak was found to be due to the continuum which

has a strong peak at that time. The NT 4265 A line has a very small peak at

the time of the laser pulse but a very distinct peak at the time the debris

front passes the observed region. Coupled with the distinct peak for the Nil

3995 A line at the time the debris front passes, it would appear that we have

a sharp density step as expected from a "snow-plowing" blast wave. (The dark-

field shadowgrams have also indicated a similar density step.) The Nl1l

4379 A line also has a fairly sharp rise but it peaks about 15 nsec aftF "he

peaks of the NI and NIl signals.

Also, in this sequence a continuum signal at 4834 A was recorded. his

signal has virtually no intensity during the laser pulse but h, an

appreciable amplitude when the debris front passes and then decays

monotonically. The continuum intensity must be subtracted fron the other

intensities to get the true intensity of the spectral lines. But a useful

benefit of the strong continuum is that we were able to use the absolute

continuum intensity to determine the electron density.

In Fig. 9, we show several examples of an intensity step that occurred on

the atom, ion and continuum signals just prior to the peak signal, which

occurred at the time the blast-wave front passed. This "pre-step" did not

occur on every shot, but for the 5 Torr case, it occurred on the majority of

the shots. It is interesting to speculate on possible causes for this step.

For example, the step could be due to an increase in plasma light emissivity

caused by the ultraviolet radiation or fast electrons and ions that are

emitted by the expanding shell; it could be caused by a step in density ahead

of the debris (seen by J. Stamper in dark-field shadowgrams); or it could be
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caused by the proturberances often seen in the blast wavefront under these

conditions appearing in the field of view. This phenomena certainly bears

further study.

VII. Analysis of Data

In this section we will discuss the methods we used to calculate the

temperatures and densities from the absolute, time-resolved intensitv

measurements. The equations will be solved by an iterative technique, since

we do not have an independent measurement of either the electron density or

the electron temperature.

The analysis of the plasma parameters in the photoionized region is based

on the intensity from two nitrogen band heads. These are the (0,D) transition

from the first negative band system of No2 at 3914 " and the (0,0) transition

from the second positive band system of N, at 3371 1. From the absolute an2

the relative intensities of these two bands one obtains th, electron density

and the electron temperature. The theoretical basis for this analysis and the

details of calculations will be published.'

The analysis of the data in the debris-background plasma interaction

region involved an estimate of the electron temperature, made from

observations of the intensities of the lines from the various stages of

ionization, and the electron density, made from the absolute measurement of

the continuum intensity. The temperature is estimated from the appearance of

the highest stage of ionization. Although we saw weak NIV 3479-3483 A lines

in our photographic spectra, Fig. 2, which was taken at a much lower

background gas density and a much higher laser energy, we do not expect these

lines to have appreciable intensity at 1.5-5 Torr and 25 J laser energy. We
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assume that the NIII lines represent the highest stage of ionization present

here. This technique of temperature measurement has a large error bracket, so

we hope in our next measurements to use other techniques to obtain an electron

temperature with a smaller error.

To obtain the electron density from the measurements of the absolute

continuum intensities, we have used an equation obtained from Griem," and have

made the assumption that the electron density Nei is approximately equal to

the ion density, N7. since the plasma is predominantly single-ionized. This
a

equation, which includes both recombination radiation and bremsstrahlung

contributions, is

I= z,a " [ergs sec -lcm sr, (i)

z,a
where s is the emission coefficient in units of energy per unit volume,

time, solid angle and angular frequency interval. Since the emission

coefficient is a rather long, involved equation (Eq. 5-36, p. 116 of Griem) it

is best to get the description of the symbols from Griem.-

This equation for the continuum intensity is only weakiy dependent on the

temperature, so that the large error bracket for the temperature will not

change the values for the electron density appreciably.

Two sets of data have been analyzed; one set at an ambient gas pressure

of 1.5 Torr and one set at 5 Torr. 7he data was taken using an aluminum foil

target, a background gas mixture of 90% N2 and 10%' H, and a laser energy of 25

J in a 5-nsec pulse. The plane of observation is 1 cm from the target and

perpendicular to the laser beam. The optical pathlength, 2, is calculated to

be 1.5 cm for the photoionized region and is measured on shadowgrams to be

approximately 0.5 cm at the blast-wave front. The results for the 1.5 Torr
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measurements are given in Table 1, and the results for the 5.0 Torr

measurements are given in Table 2.

Table 1. Table of the measured temperature and densities in the photoionized
region andthe debris frnt at - ambient pressure of 1.5 Torr

(4.9 x I010 molecules/cm ).

Photoionized Pre-Step Blast-Wave
Region (Ahead of Blast Wave) Front

Te 2.5 eV < 14 eV

Ne 3xlO14cm - 3  5x10 17cm - 3  9x1O1cm- 3

Deg. of Ton 0.3% - 100% - 100%

Density step - 10

Asovaing Ne N+

Table 2. Table of the measured temperature and densities in the photolonized
region anq.the debris front at an ambient pressure of 5 Torr
(1.6 x 10"  molecules,/cm-).

Photoionized Pre-Step Klast-Wave
Region (Ahead of Blast Wave) Front

Te 1.85 eV < 14 eV

Ne 6xO 1cm 3  2x1O18 cm- 3  5x10 18cm- 3

Deg. of Ion 0.2% - 100% - 100%

Density Step - 15

Assuming Ne , N+

In addition to the spectroscopic measurement of the electron density at

the debris front at 5 Torr ambient pressure, an estimate of the minimum jump

in Ne can be obtained from analysis of the dark field shadowgrams. Such an

estimate gave Ne > 1 x 11 7 cm- 3 . Although this is over an order-of-magnitude
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lower than the spectroscopic measurement of N et it is a minimum value. The

spectroscopic measurement of Ne is felt to be the more accurate measurement of

electron density.

Since the density of the ions in the blast-wave front for the 5 Torr case

is about 5 x 1 m- , which is about 15 times the ambient density of the

nitrogen atoms, it is necessary to have a snow plowing of ions into a shell of

similar ion density. This is consistent with the dark field shadowgrams which

show a definite shell structure, and also with the analysis of the velocity of

the shell as that due to a blast wave. For the 1.5 Torr case, the density of

the ions is about 9 x 10 cm- in the blast-wave front, which is about 10

times the background atom density. (This latter density step is about the

same as that calculated using a blast-wave model.3'

VIII. -Summary

T"he spectroscopic data presented in this report is our first attempt to

measure absolute intensities of spectral lines and continuum in this

experiment and then carry out the analysis of the data. In the process , we

have established approximate values for the plasma temperature and

densities. More accurate values will be obtained during our next experimental

sre.The time-resolved spectral data allows the separation of the

photolonized region from the region excited and ionized by the debris. In the

1.5-5 Torr pressure range, a density step was seen ahead of the main peak in

the signal. The interpretation of this density step has not been established

at this time and warrrants further study.
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CONDITIONS:
15 m Torr N
1.5 mg/cm 2 C TARGET
8 J/3.5 nsec

Z AX= 3A
1 cm FROM TARGET

>- N" +3914

Cr. N 11 3995

> I I I l I

z
LU ACVI1 3434

Z LiN
0 20 40 60

t (nsec)

Figure 3

A temporal comparison of the spectral line intensities for the
background gas pressure of 15 mTorr. (Other conditions are given on
the figure.) The t-0 time is the time of the peak of the laser
pulse. T-he ordinate scale is in arbitrary units and the zero intensity
level is the value before t-0 time.
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Figure 5

Peak CVI 3434 A line intensity versus laser energy at constant pressure
(15 mTorr H2 ).
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Figure 6

Peak CVI 3434 A line intensity versus background gas pressure at
constant laser energy (1.5 Joules).
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CONDITIONS:
1.5 Torr (90% N2 + 10% Hz)
4.6/ Am Al FOIL

25 J/5 nsec
N2 3371 AX= 3 A

1 cm FROM TARGET

N + 3914I - NI 4256

Nil 3995

NIII 4379

0 100 200 300
t (nsec)

Figure 7

A temporal comparison of the spectral lir'e intensities for the
background gas pressure of 1.5 Torr. (Other conditions are given on
the figure.) The t-0 time is the time of the peak of the laser
pulse. The line intensity is zero before t=O time.
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CONDITIONS:
5 Torr (90% N2 + 10% H2)
4.6 m Al FOIL
25 J/5 nsec,
AX= 3A

N2 3371 1 cm FROM TARGET

N 3914

z
0N 1 4256

~Nil 3995 A

/l~NI 437 A

-j F' .. . C O N T IN U U M48 4

0 100 200 300

t (nsec)
Figure 8

A temporal comparison of the spectral line and continuum intensities
for a background gas pressure of 5.0 Torr. Other conditions are given
on figure. The t-0 time is the time of the laser peak.
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1400 ',NILSON 3LVOD. OICY ATTN -'PST S. GOETZ
ARLIN;GTON, VA. 22209
0ICY A-TN NUCLEAR MONITORING RESEARCH CHIEF
OICY ATT' STRATEGIC TECH OFFICE LIVEMORE DIVISION FLO CO MkND DNA

DEPARTMENT OF DEFENSE
DEFENSE COMtUNICATION ENGINEER CENTER LAWRENCE LIVERMORE LABORATORY
i860 WIEHLE AVSNUE P.O. BOX SC8
REST3N, VA. 22090 LIVER/TORE, CA 94550

iCY ATTN COCE R410 OLCY ATTN FCPRL
OICY ATTN CODE R312

COMiANDANT
DEFENSE TECHNICAL INFORMATION CENTER NATO SCHOOL (SHAPE)
C,'tERON STATION APO NEW YORK 09172
ALEXANDRIA, VA. 22314 OICY ATTN U.S. DOCUMENTS OFFICER
02CY

UNDER SECY OF DEF FOR RSCi & ENGRG
DIRECTOR DEPARTMENT OF DEFENSE
DEFENSE NUCLEAR AGENCY WASHINGTON, D.C. 20301
WASHINGTON, D.C. 20205 OICY ATTN STRATEGIC & SPACE SYSTEMS (OS)

OICY ATTN STV1
O4CY ATTN TITL WWMCCS SYSTEM ENGINEERING ORG
OICY ATTN D0ST WASUINGTON, D.C. 20305
OJCY ATTN RAAE OICY ATTN R. CRAWFORD

COMMANDER COMMANDER/DIRECTOR
FIELD COMMAND ATMOSPHERIC SCIE:;CES LABORATORY
DEFENSE NUCLEAR AGENCY U.S. ARMY ELECTRONICS COMMAND
KIRTLAND, AFB, N1M 37115 WHITE SANDS MISSILE RANGE, IN 58002

OICY ATTN FCPR OICY ATTN DELAS-EO F. NILES

DEFENSE NUCLEAR AGENCY
SAO/DNA
BUILDING 20676
KIRTLAND AFB, N- 87115

OICY D.C. THORNBURG

I i-i DMIl AM EAW-WiT M M..
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DIRECTOR DIRECTOR
3MD ADVAN:CED TECH CTR U.S. ARMY 3ALLISTIC RESEARCI LABORATORY
HUNrTSVLLE OFFICE ABERDEEN ?ROVING 3ROUND, MD 21005
P.O. BOX 1500 OICY ATTN TECH LIBRARY EDWARD BAICY
HUNTSVILLE, AL 35807

OLCY ATN ATC-T MELVIN T. CAPPS COMMANDER
01CY ATTN ATC-O W. DAVIES U.S. ARlY SATCOK AGENCY
OlCY ATN ATC-R DON RUSS FT. MONNOUTH, NJ 07703

OICY ATTN DOCUMENT CNTROL
PROGRAM .A.NAGER
B S PROGRAM OFFICE COMMANDER
5001 EISENHOWER AVENUE U.S. AR.MY MISSILE INTELLIGENCE AGENCY
ALEXANDRIA, VA 22333 REDSTONE ARSENAL, AL 35809

OLCY ATTN DACS-BMT J. SHEA *3-CY ATTN JIM GAMBLE

CHIEF C-E- SERICES DIVISION DIRECTOR
U.S. ARMlY COMI1UNICATIONS CnD U.3. ARMY TRADOC SYSTEMS ANALYSIS ACTIVITY
PENTAGON R.. 1329 AHITE SANDS MISSILE RANGE, NM 88002

WASHINGTON, D.C. 20310 01CY ATTN ATAA-SA
OICY ATTN C- E-SERVICES DIVISION OLCY ATTN TCC/i. ?AYAN JR.

OCY ATTN ATTA-TAC LTC J. HESSE
CC=A _kNVER
FRADCONt TECHNICAL SUPPORT ACTIVITY CCNNANNER
DEPARTf.Tr )F THE ARMY NAVAL ELECTRONIC SYSTEMS COMMAND
FORT MON OUTH, N.J. 07703 WASHINGTON, D.C. 20360

OICY ATTN :RSEL-NL-RD 3. BENET 3ICY ATTI NAVALEX '334 T. HUGHES
OICY ATTN DRSEL-PL-ENV H. SOMEE OICY ATTN PME 117
OCY ATTN1 J.E. qUIGLEY OICY A.TN PME 1!7-T

DICY ATTN CODE 7011
COMMANDER
U.S. ARMY COM/-ELEC ENGRG INSTAL AGY COMMIANDING OFFICER
FT. HUACHUCA, AZ 85613 NAVAL INTELLIENCE SUPPORT CTR
OICY ATTN CCC-EMEO GEORGE LANE 4301 SUITLAND ROAD, 3LDG. 5

WASHINGTON, D.C. 20390
COMMNDER OICY ATTN MR. DUBBIJ STIC 12
U.S. AR.MY FOREIGN SCIENCE & TECH CTR OICY ATTN NISC-50

220 7TH STREET, NE OICY ATTN CODE 5404 J. GALET
C4ARLOTTESVILLE, VA 22901

OICY ATTN DRXST-SD COMMANDER
NAVAL OCCEAN SYSTEMS CENTER

COM m-NDER SAN DIEGO, CA 92152

U.S. ARMY MATERIAL DEV & READINESS CMD OICY ATTN J. FERGUSON
5001 EISENHOER AV.ENUE
ALEXANDRIA, VA 22333
OICY ATTN DRCLDC J.A. BENDER

COMMANrER
U.S, ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACkD.ICK ROAD
BLDG 2073
SPRINGFIELD, VA 22150

OICI ATTN LIBRARY
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NAVAL RESEAICH LABORATCRY COMMANDER

WASHINGTON, D.C. 20375 AEROSPACE DEFENSE COM. /f.C
OICY ATTN CODE 4700 S. L. Ossakow DEPARTENT OF THE AI FORCE

26 CYS IF UNCLASS. I CY IF CLASS) ENT AF3, CO 80912

OICY ATTN CODE 4701 1 "Atkovirsky OICY ATTN DC M.. LONG
O1CY ATTN CODE 4780 J. Huba (10

CYS IF UNCLASS, I CY IF CLASS) COMMANDER
OICY ATTN CODE 7500 AEROSPACE DEFENSE COO'XDiXPO
OICY ATTN CODE 7550 DEPARTMENT OF THE AIR FORCE

OICY ATTN CODE 7580 ENT A.B, CO 80912
OICY ATTN CODE 7551 01CY ATTN XPDQQ
OICY ATT'- CODE 7555 OICY ATTN XP
OICY ATTN CODE 4730 E. MCLEAN
OICY ATTN CODE 4108 AIR FORCE GEOPHYSICS LA3ORATORY
OICY ATTN CODE 4730 3. RIPIN HANSCOM A.F3, MA C1731
20CY AM'I CODE 2628 OICY ATTN OPR HAROLD GARD!,ER

ICOCY AETN CODE 4730 OICY ATTN .i .NETH S.W. CH-IP1Z:;
OICY ATTN 0PR ALVA T. STAIR

COM.ANDER OICY ATTN PHD JURG-N BUC.AU
NAVAL SEA SYSTEMS COMMAND OICY ATTN PHD JOHN P..MULLEN
WASHINGTON, D.C. 20362

OiCY ATTN CAPT R. PIT:CN AF WEAPONS LABORATORY
KIRTLAND AFT, NN 371.17

CDOID-ANDER OICY ATTN SUL

NAVAL SPACE SU1RVEILLANCE SYSTEM OICY ATTN CA ARTHUR H. G=ENTHER
DAHLGREN, VA 22448 OICY ATTN NTYCE 1LT. . .LAJET

OICY ATTN CAPT J.H. 3URTON
AFTAC

OFFICER-IN-CHARGE PATRICK A2B, FL 32925

NAVAL SURFACE WEAPONS CENTER OICY ATTN TF/'XAJ ;rLZIY
WHITE OAK, SILVER SPRING, MD 20910 OICY ATN TN
OICY ATTN CODE F31

AIR FORCE AVIONICS LABORATORY
DIRECTOR WRIGHT-PATTERSON AFB, OH 45433

STRATEGIC SYSTEMS PROJECT OFFICE 0ICY ATTN AAD WADE HUNT
DEPARTMl,'N OF THE NAVY CICY A-N .AD ALLEN JOHNSON
WASHINGTON, O.C. 20376

0ICY ATTN NS?-2141 DEPUTY CHIEF OF STAFF
OICY ATTN NSSP-2722 FRED WI.BERLY RESEARC:, DEV'ELOPMENT, & ACQ

DEPARTMENT OF THE AIR FCRCE

COMMANDER WASH:NGTON, D.C. 20330

NAVAL SURFACE WEAPONS CENTER OICY ATT AFRDQ
DAHLGREN LABORATORY

DAHLGREN, VA 22443 HEADQUARTERS

OICY ATTN CODE oF-14 R. BUTLER ELECTRONIC SYSTEMS DIVISION
DEPART'EN'T OF THE AIR FORCE

OFFICER OF NAVAL RESEARCH F(A.NSCOM AFS, .4A 01731
ARLINGTON, VA 22217 01CY ATTN j. DEAS
OICY ATTN CODE 465
OLCY ATTN CODE 461 HEADQUARTERS
OICY ATTN CODE 402 ELECTRONIC SYSTEMS DIVISION/YSEA
OICY ATTI CODE 2O DEPARTMENT OF THE AIR FORCE
0ICY ATTN CODE 421 HA NSCOM AFB, HA 01732

OCY ATTN YSEA
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HEADQUARTERS DEPARTMENT OF ,NERGY
ELECTRONIC SYSTEMS DIVISION/DC ALBUQUERQUE OERATIONS OFFICE
DEPARTMENT OF THE AIR FORCE P.O. BOX 5400
HANSCOM AFB, MA 01731 ALBUQUERQUE. NM 87115
OICY ATTN DCKC MAJ J.C. CLARK OICY ATTN DOC CON FOR 0. SHERWOOD

COMANDER EG&G, INC.
FOREIGN TECHNOLOGY DIVISION, AFSC LOS ALAMOS DIVISION
WR:GHT-PATTERSON AFB, OH 45433 P.O. BOX 809

OICY ATTN NICD LIBRARY LOS ALAMOS, 4M 85544
OLCY ATTN ETDP S. BALLARD 01CY ATTN DOC CCN FOR J. BREEDLOVE

CO"='ANDER UNIVERSITY OF CALIFORNIA
ROME AIR DEVELOPMENT CENTER, AFSC LAWRENCE LIVERMORE LABORATORY
GRIFFISS AFB, NTY 13441 P.O. BOX 808
OICY ATTN DOC LIBRARY/TSLD LIVERMORE, CA 94550
OICY ATTN OCSE V. COYNE OCY ATTN DOC CON FOR TECH INFO DEPT

OICY ATTN DOC CON FOR L-389 R. OTT
SA4SO /Sz OICY ATTN DOC CON FOR L-31 R. qAGER
POST OFFICE BOX 92960 OICY ATTN DOC CON FOR L-46 F. SEWARD
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009 LOS ALAOS NATIONAL LABORATORY

(SPACE DEFENSE SYSTEMS) P.O. BOX 1663
OICY ATTN SZJ LOS ALAMOS, 'M 87545

OICY ATTN DOC CON FOR J. WOLCOTT
STRATEGIC AIR CO.LMAND/XPFS OCY ATTN DOC CON FOR R.F. TASCHEK
OFFUTT AFB, 'iB 68113 OCY ATT.N DOC CON FOR S. JONES

OICY ATTN ADIWATE HAJ BRUCE BAUER IOCY ATTN DOC CON FOR J. MALIK
OiCY ATTN NRT OICY ATTN DOC CON FOR R. JEFFRIES
OICY ATTN DOK CHIEF SCIENTIST -0ICY ATTN DOC CON FOR J. Z!.NN

OICY ATTN DOC CON FOR P. EATON
SA4SO/SK OCY ATTN DOC CON FOR D. WESTERVELT
P.O. BOX 92960 OICY ATTN D. SAPPENFIELD
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009 SANDIA LABORATORIES

OICY ATTN SKA (SPACE CO-N SYSTEMS) P.O. BOX 5800
M. CLAVIN ALBUQUERQUE, NM 87115

0ICY ATTN DOC CON FOR W. BROWN
SAMSO/MN OICY ATTN DOC CON FOR A. THORNBROUGH
NORTON AFB, CA 92409 OICY ATTN DOC CON FOR T. WRIGHT
(MINUTEMAN) OICY ATTN DOC CON FOR D. DAHLGREN
OCY ATTN ffMnL OCY ATTN DO CON FOR 3141

OCY ATTN DOC CON FOR SPACE PROJECT DIV
COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC SANDIA LABORATORIES
HANSCOM AFB, MA 01731 LIVERMORE LABORATORY

OICY ATTN EEP A. LORENTZEN P.O. BOX 969
LIVERMORE, CA 94550

DEPARTMEN'T OF ENERGY OICY ATTN DOC CON FOR B. MURPHEY
LIBRARY ROOM G-042 01CY ATTN DOC CON FOR T. COOK
WASHINGTON, D.C. 20545

OCY ATTN DOC CON FOI A. LABO'WITZ OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545
01CY ATTN DOC CON DR. YO SCNG
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OTHER COVERNMENT BOEING COMPANY, THE
P.O. BOX 3707

DEPARTMENT OF COMMERCE SEATTLE, '-A 98124
NATIONAL BUREAU OF STANDARDS OICY ATTN i. KEISTTR
WASHINGTON, D.C. 20234 DICY ATTN D. MURRAY

OICY (ALL CORRES: ATTN SEC OFFICER FOR) OICY ATTN G. HALL
OICY ATTN J. KENNEY

INSTITUTE FOR TELECOM SCIErCES
NATIONAL TELEC3MMUN!CATIONS & INFO AD'MIN CHARLES STARK DRAPER LA3RATORzY, INC.
BOULDER, CO 30303 555 TECHNOLOGY SQUARE

OICY ATTN A. JEAN (UNCLASS ON(LY) CAMBRIDCE, MA 02139
OICY ATTN W. UTLAUT OICY ATTN O.B. COX
OICY ATTN D. CROH BIT 0ICY ATTN J.P. GILM ORE

OICY ATTN L. BERRY

COMSAT LABORATORIES
NATIONAL OCEANIC & ATI:OSPHERIC ADMIN LIN'rHICUX ROAD
ENVIRONM'ENTAL RESEARCH LABORATORIES CLARKSBURG, 'AD 2073

DEPARTMENT OF COMERCE OiC't ATTN G. RYCE
BOULDER, CO 80302
OICY ATTN R. GRUBB CORNELL UNIVERSITY

OICy ATTN A.RONCMY 1.AB G. REID DEPART"MENT OF ELECTRICAL G',ER'G
I:HACA, .fY 14850

OICY ATT 0.1. FARLEY, R.
DEPARTM.E.rT OF DEFENSE :ZO:,RACTORS

ELECTROSPACE SYSTEMS, :NC.

AEROSPACE CORPORATION BOX 1359

P.O. BOX 92957 RICHARDSON, TX 75080
LOS ANGELES, CA 90009 OlCY ATTN .. LOGSTON

OICY ATTN I. GARFUNKEL OICY ATTN SECURITY (PAUL PHILLIPS)

OICY ATTN T. SALMI
OCY ATTN V. JOSEPHSON EOS TECHNOLOGIES, INC.
OICY ATTN S. BOWER 606 Wilshire Blvd.
OICY ATTN 0. OLSEN Santa Monica, Calif 904,1

OICY ATTN C.B. GABBARO

ANALYTICAL SYSTEMS ENGINEERING CORP

5 OLD CONCORD ROAD ESL, INC.
BURLINGTON, MA 01803 495 JAVA DRIVE

OICY ATTN RADIO SCIENCES SUNNYVALE, CA 94086
OICY ATTN J. ROBERTS

AUSTIN RESEARCH ASSOC., INC. OICY ATTN JAMES :[A.aSIIALL
1901 RUTLAND DRIVE
AUSTIN, TX 78758 GENERAL ELECTRIC CCMPANY

OICY ATTN L. SLOAN SPACE DIVISION
O0CY ATTN R. THOMPSON VALLEY FORGE SPACE CENTER

GODDARD BLVD KING OF PRUSSIA
BERKELEY RESEARCH ASSOCIATES, INC. P.O. BOX 3555

P.O. BOX 933 PHILADELFNA, PA 191CI
BERKELEY, CA 94701 OICY ATT.; "I.H. BORT':Zk SPACE SCI LAS
OICY ATTN J. VORI4AN
OICY ATTN C. PRETTIE GEnERAL ELECTRIC COMPANY

OICY ATTN S. BRECHT P.O. BOX 1122
SYRACUSE, NY 13201
OICY ATTN F. SEIBERT
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GENERAL ELECTRIC TECH SERVICES CO., INC. JOHNS HOPKINS UNIVERSITY
HHES APPLIED PHYSICS LABORATORY
COURT STREET JOHNS HOPKINS ROAD
SYRACUSE, NY 13201 LAUREL, MD 20810

OICY ATTN G. MILLMA2I OICY ATTN DOCUMENT LIBRARIAN
OCY ATTN THOMAS POTEMRA

GEOPHYSICAL INSTITUTE 0ICY ATTN JOHN DASSOULAS
UNIERSITY OF ALASKA
FAIRBANKS, AK 99701 KAMAN SCIENCES CORP

(ALL CLASS ATTN: SECURITY OFFICER) P.O. BOX 7463
OICY ATTN T.N. DAVIS (UNCLASS ONLY) COLORADO SPRINGS, CO 80933
0iCY ATTN TECHNICAL LIBRARY OLCY ATTN T. MEAGHER
OICY ATTN NEAL BROWN (UNCLASS ONLY)

KAMAN TEMPO-CENTER FOR ADVANCED STUDIES
GTE SYLVANIA, INC. 816 STATE STREET (P.O DRAWER QQ)
ELECTRONICS SYSTEMS CRP-EASTERN DIV SANTA BARBARA, CA 93102
77 A STREET 01CY ATTN DASIAC
NEEDH., MA 02194 OICY ATTN WARREN S. .APP
OICY ATTN DION STEINHOF OICY ATTN WILLIAM MCNAMARA

0ICY ATTN B. GAMBILL
AISS, INC.
2 ALFRED ZIRCLE LINKABIT CORP
3EnFORD, MA 01730 10453 ROSELLE
OICY ATTN DONALD HANSEN SAN DIEGO, CA 92121

OCY ATTN IRWIN JACOBS
ILLINOIS, J".E',RSITY OF

107 COBLE HALL LCCKHEED MISSILES & SPACE CO., INC
150 DAVENPORT HOUSE F.O. BOX 504
CHALXPAIGN, IL 61320 SUNNYVALE, CA 94083

(ALL CORRES ATTN DA.N MCCLELLAND) 0ICY ATTN DEPT 60-12
OICY ATTN K. YEH 31CY ATTN D.R. CHURCHILL

INSTITUTE FOR DEFENSE ANALYSES LOCKHEED MISSILES & SPACE CO., INC.
1801 NO. 1EAURECARD STREET 3251 HANOVER STREET
ALEXANDRIA, VA 22311 PALO ALTO, CA 94304
OICY ATTN J.i. AEIN OCY ATTN MARTIN WALT DEPT 52-12
0ICY ATTN Uz!:;ESr 3AkEl OICY ATTN W. L. IMHOF DEPT 52-12
OICY ATTN !ANS W;LF5AD OICY ATTN RICHARD C. JOHNSON DEPT 52-1U
OICY ATTN JOEL BE:GSTON OICY ATTN J.3. CLADIS DEPT 52-12

INTL TEL & TELECRiPH CORPORATION MARTIN MARIETTA CORP
500 'lASHV GTGN A.N'UE ORLANDO DIVISION
NI'TLEY, NJ 07110 P.O. BOX 5837

OICY ArTN TECHNICAL LIBRARY ORLANDO, FL 32805
OICY ATTN R. HEFFNER

JAYCOR
11011 TORREYANA ROAD M.I.T. LINCOLN LABORATORY
P.O. BOX 85154 P.O. BOX 73
SAN DIEGO, CA 92138 LEXINGTON, AA 02173

OLCY ATTN J.L. SPERLING OICY ATTN DAVID 4. TOWLE
OICY ATTN L. LOUGHLIN
OICY ATTN D. CLARK
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HCDONNvL DOUGLAS CORPORATION PENNSYLVANIA STTE UNIV'ERSITY
5301 BOLSA AVEN'E IONOSPHERE RESEARCH LAB
HUNTINGTON BEACH, CA 92647 318 ELECTRICAL ENGINEERI'.G EAST

OICY ATTN N. HARRIS UNIVERSITY PARK. PA 16802
OCY ATTN J. MOULE (NO CLASS TO THIS ADDRESS)
OICY ATTN GEORGE MROZ 01CY ATTN IONOSPHERIC RESEARCH LAB
OICY ATTN W. OLSON
OICY ATTN R.W. HALPRIN PHOTOMETRICS, INC.
OCY ATTN TECHNICAL LIBR1RY SER%%CZS 4 ARROW DR:;!

WOBURN, MA 1.301
MISSION RESEARCH CORPORATION OICY ATTN IRVING L. KOFSKY
735 STATE STREET
SANTA BARBARA, CA 93101 PHYSICAL DYNAiCS, INC.
OCY ATTN P. FISCHER P.O. BOX 3027

OICY ATTN W.F. CREVIER BELLEVUE, WA 98009
OICY ATTN STEVEN L. GlJTSCHE OICY ATT:, E.J. FEMOt7J
OICY ATTN R. BOGUSCH
OICY ATTN R. HENDRICK PHYSICAL DYNAMICS, INC.
OICY ATTN RALPH KILS P.O. 30K 10367
OCY ATTN DAVE SOWLE OAKLAND, CA 94610

01CY ATTN F. FAZEN ATTN A. THOMSON
OICY ATTN M. SCHEIBE
OICY ATTN CONRAD L. LONCMIRE R & 0 ASSOCIATES
OICY AITN B. WHITE P.O. BOX 9695

MARINA DEL REY, CA 90291

MISSION RESEARCH CORP. OICY ATTN FORREST GILMORE
1720 RANDOLPH ROAD, S.E. OCY ATTN WILLIAM B. 'WRIGHT, JR.
ALBUQUERQUE, NEW MEXICO 87106 OICY ATT. ROBERT F. LELEVIER

0iCY R. STELLINGVERF OICY ArTN WILLIAM J. KARZAS
OLCY M. ALME OICY ATTN H. ORY
OICY L. WRIGHT OICY ATTN C. MACDONALD

OICY ATTN R. TURCO

MITRE CORPORATION, THE OICY ATTN L. DelRAND
P.O. BOX 208 OICY ATTN W. TSAI
BEDFORD, MA 01730

OICY ATTN JOHN MORGANSTERN RAND CORPORATION, THE
OCY ATTN G. HARDING 1700 MAIN STREET
OICY ATTN C.E. CALLAHAN SANTA MONICA, CA 90406

OICY ATTN CULLEN CRA:N

MITRE CORP OICY ATTN ED BEDROZIA.N
WESTGATE RESEARCH PARK

1820 DOLLY MADISON BLD RAYTHEON CO.
MCLEAN, ';A 22101 528 BOSTON POST ROAD

OLCY ATTN W. HALL SUDBURY, MA 01776

OLCY ATTN W. FOSTER OCY ATTN BARBARA ADAXS

PACIFIC-SIERRA RESEARCH CORP RIVERSIDE RESEARCH I'NSTITUTE

1Z340 SANTA MONICA BLVD. 330 WEST 42nd STREET
LOS ANGELES, CA 90025 NEW YORK, NY 10036

OICY ATTN E.C. FIELD. JR. 01CY ATTN VINCE TRAPANI
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SCIENCE APPLICATIONS, INC. TRW DEFENSE S SPACE SYS GROUP
115a PROSPECT PLAZA ONE SPACE ?A.K
LA JOLLA, CA 92037 REDONDO BEACH, CA 90278

0ICY ATTN LEWIS M. LINSON OCY ATTN 3. K. PLEBUCH
OICY ATTN DANIEL A. HAMLIN OCY ATTN S. A.LTSCHULER
OLCY ATTN E. FRIEMAN OICY ATT!N D. DEE
OICY ATTN T.A. STRALER OICY ATTN Di STOCKCrELL
OCY ATTN CURTIS A. SMITH NTF/1575
OCY ATTN JACK MCDOUGALL

VTSIDYNE
SCIENCE APPLICATIONS, INC SOUTH BEDFORD STREET
1710 GOODRIDGE DR. BURLINGTON, MASS 01803
MCLEAN, VA 22102 OCY ATTN . ZIDY

ATTN: J. COCKAYNE OCY ATTN J. CARPETR
01CY ATTN C. HU.MPHREY

SRI INTERNATIONAL
333 RAVENS.OOD AVENUE
MENLO PARK, CA 94025

OICY ATTN DONALD NEILSON
OICY ATTN ALA"N BURNS
OICY ATTN G. SMITH
01CY ATTN R. TSUN.-ODA
OICY ATTN DAVID A. JOHNSON
OICY ATTN WALTER G. CHESM-T
01CY ATTN CHARLES L. RIO
OICY ATTN WALTER JAYE
OICY ATTN J. VICKEY
OICY ATTN RAY L. LEADABMWID
OCY ATTN G. CARPENTER
OCY ATTN G. PRICE
OLCY ATTN R. LIVINGSTON
OICY ATTN V. GONZALES
0LCY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

OCY ATTN W.P. BOQUIST

TOYON RESEARCH CO.
P.O. Box 5890
SANTA BARBARA, CA 93111

01CY ATTN JOHN ISE, JR.
01CY ATTN JOEL GARBARINO
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