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SIMULATION OF A URANIUM VAPOR RELEASE
IN THE HIGH ALTITUDE ATMOSPHERE

I. Introduction:

High altitude nuclear explosions can lead to greatly enhanced infrared
radiation in the earth’s atmosphere and can thereby have a deleterious effect
on defensive iafrared systems. This enhanced infrared radiation has a number
of sources: direct plasma radiation from the nuclear burst created jplasmag
creation of increased densities and/or increased temperatures of nataral
atmospheric infrared radiators such as hydroxyl, nitrogen oxides and carbon
oxides; and also infrared radiation of weapon and vehicle debris specivs which
are vaporized in the explosion. Recently it has been recognized that uriniun
and its oxides are likely to be the dominant infrarcd active species at )
minutes and later following a high altitude nuclear detonation (Armsirons,

1981).

The Defense Nuclear Agency has an interest 1in developing methods to
predict the infrared radiation after a high altitude nuclear event. Armstrong
points out those areas where there is a severe lack of knowledge required to
make accurate predictions. In order to measure the spectral lines and the
strength of long wavelength infrared emission it is expected that fairly large
releases of uranium vapor will be necessary in the earth’s high atmosphere.
Only after such measurements are made will accurate predictions become
possible. With this requirement in mind, we have considered the scenario
originally described by Reidy (1980) involving the prompt deposition of 2 kg
of uranium vapor at an altitude of 200 km. Current experimental release
techniques are short of being capable of this rapid a deposition by orders of
magnitude.

In this memorandum, we present results for the temporal evolution of a
uranium vapor release at approximately 200 kilometer altitude in the earth’s
atmosphere, The results are obtained by numerical simulations using a simple
model and can be used to plan such an experimental release, The results
describe both the chemical and hydrodynamic evolution for one experimental
scenario for time periods of a few tens of seconds. We predict a uranium ion
cloud extended along the field but narrow perpendicular to the earth’s

magnetic field. The ion densities are high for minutes after release with the
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ions, vo* and uo; , formed in shells around the release point. The time

+
scale for complete oxidation of U to UO2 is demonstrated to be a few tens of

seconds.

I1. Simulation Model:

We consider a simple one~dimensional model of the uranium release. The
temporal evolution of each species, denoted a, is described by equation 1.

ana ana kna ana
—_— — 4di + —_
hydro + T diff Y chem (1)

at ot
The first term on the right is the change 1in the concentration from
hydrodynamic transport. The second term describes diffusion of ions through
ions and neutrals through neutrals. The third term treats chemical

transformation of the individual species.

The hydrodynamic transport of ions and neutrals is done separately. The

transport equations are:

continuity
Bps
ﬁ— == V'(OSX_S), (2)
momentum
al-’-s 1
s T 7 WerPYg = Ve ¥ ag) ~op (v - vy 3
and energy
3ps
30 =~ Vepgv) - (v = 1) (pg +q) Ve
OPsPt )
—0p o (T -T) + (y=1) r;;—;—;;yz pe vy ~ v (4)

Here s denotes either the ions or the neutrals and t denotes the other. The

symbols o ,v, p, T, and q are density, flow velocity, pressure, temperature,

2

U ——




and artificial viscosity respectively. vy 1is the ratio of specific heats and

5 the collisional coefficient of friction.

In this simple one dimensional model of transport we treat two specific
cases; transport perpendicular and transport parallel to the ambient
geomagnetic field. Perpendicular to B the neutrals are transported
spherically and the ions are frozen to the unmoving field. Parallel to B, the
neutrals are transported spherically and the ions are transported along a
cartesian axis parallel to the field. The two cases of the simple one-
dimensional model should give reasonable estimates for the size of a release
cloud in the atmosphere. Since the transport model allows for diffusion
between ions and neutrals our diffusion model only needs to consider neutrals

and ions diffusing through themselves,

The diffusion equation in a multi constituent gas can be expressed

(Burgers 1969)

P
Q
T v -V = T(Vp = — Vp)e 5
)‘oapscas(_ o —6) (Vo 5 p) (5)
where p is the total density. An exact solution for diffusion can be obtained
by inversion of (5) and substitution of the species velocities into a set of
coupled continuity equations for each specie. For our model here however we

approximate (5) and obtain a decoupled set of continuity equations. We assume

%48 = g , a constant, which allows us to express the effects of diffusion as
Bpa
Tl -Ve(kV oa/p), (6)

where « is a diffusion coefficient depending on o . We have tested this
simplified diffusion model and have obtained reasonable results. The
simplification of diffusion, while not totally accurate, yields results which

are within a factor of two.

The effects of chemistry on the species are computed in a series of rate

equations

an

a
at kstnsnt' (7)




The reactions of concern and their rate coefficients, k are shown in Table

st?
1 which are taken from Armstrong (1981) and Archer (1982).

The final part of the model 1s the specification of the neutral

atmosphere. We have taken species concentrations and a temperature

PO S

appropriate to moderate solar activity, daytime, 200 km altitude conditions;
they are [0] = 4.4 x 10? cm-3, [Ny] = 4.2 x 107 cm_3, and [0,] =

3

2.6 x 108cm™3. The neutral atmospheric temperature is 0.1 ev.

1II. Results: .

We have solved the model equations 1,2,3,4,6, and 7 for a uranium vapor
release at 200 km altitude in the atmosphere. We have assumed a prompt
release of 2 kg of atomic uranium, approximately 5. x 1022 atoms. The

i temperature of the wuranium vapor is taken as 0.276 ev. Three sets of
solutions were obtained with the diffusion coefficient, «, as a parameter to
study the effects of diffusion on the release evolution. 1In the first, or
nominal, case ¢ was taken as 0.l kmz/sec, a nominal diffusion coefficient at
200 km altitude. For an appropriate gradient scale length of 100 m the
diffusion velocity is 100 m/sec. This value is about 17% of the sound speed
at that altitude. We have also obtained results for diffusion coefficients
1/3 and 3 times the nominal value. The slower diffusion rates lead to very
slow oxidation of the uranium vapor and are therefore uninteresting. 1In the

following sections we show results for nominal diffusion and faster diffusion.

Figures 1 through 14 show results for the simulation perpeandicular to the
geomagnetic field with nominal diffusion. Figure 1 shows the 1initial
conditions of the release. The vertical axis plots the logarithm to the base
10 of the gas concentration while the horizontal axis measures radius of the
release in km. The uranium vapor has a radius of 200 m and has displaced the {
ambient atmospheric species. We have tested a number of initializations and
find that the results after a few seconds are insensitive to details of the

initial conditions.

Figures 2, 3, and 4 show the neutral gas concentration at 2, 5, and 10

seconds respectively. Initially both atomic and molecular oxygen are burned

out of the release cloud in oxidizing the uranium gas. The atomic oxygen is

able to diffuse into the cloud by about 5 seconds but the molecular oxygen

continues to be consumed as it diffuses in for times longer than 10 seconds.
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The different behaviour of atomic and molecular oxygen is due primarily to
their different concentrations in the ambient atmosphere; there just is not

enough molecular oxygen around to rapidly fully oxidize the cloud.

The resulting ion cloud conceatrations are presented in Figures 5 through
11 for post release times of 2 to 50 seconds. The vot component forms in a
shell like structure at a radius of about 200 meters from the release point.
The shell is formed at a burning front between outward diffusing uranium vapor
and inward diffusing atomic oxygen, and the ions are frozen in the geomagnetic
field at their point of oxidation., The initial oxidation of uranium gas to
vot is complete by 5 seconds. Further burning of vot to Uo; by molecular
oxygen then takes place in an outer shell which slowly moves inward as
unconsumed molecular oxygen is able to ditfuse inward. The complete oxidation
of uranium vapor to UOZ takes between 40 and 50 seconds. The final ion

o'l cn™3  in the shell are higher than would occur in an actual

densities of 1
release because this one-dimensional model does not allow for diffusion
parallel to the magnetic field. From studying our one dimensional parallel
release results we would expect the maximum ion cloud densities to be about
107 cn™3 for this release.

Figures 12, 13, and 14 show the results for UO+, uo

1o +

, and 02
concentrations respectively in a different graphical format. We have plotted
contours of concentration versus radius and time after release. Here the
shell structure of the ion cloud is clearly seen. The UO+ forms a shell at
200 meters radius immediately after release. The Uo; shell initially forms
at about 400 meters and gradually builds inward as oxidation takes place. We
are also able to see the cavity formed in the ambient O2 which is only slowly

filled by diffusion from the outside. .

A similar set of results for the evolution of the uranium release
parallel to the geomagnetic field is shown in Figures 15 through 24. The
initial conditions, which are identical to the previous case are shown in

|

Figure 15; note the change in scale on the horizontal axis. The neutral !
}

concentrations for 2, 5, and 10 seconds after release are shown in Figures 16, 1
!

17, and 18 respectively. The ion concentrations for the same time intervals
after release are shown in Figures 19, 20, and 21. The qualitative nature of
the temporal and spatial evolution is like that discussed previously for the

perpendicular release. The primary difference in the results is that here the




ion cloud is able to readily diffuse outward. This parallel diffusion allows

+ . P . .
the UO7 to become very extended alonp the geomagnetic field. The ot i

however still confined to the release region as it is consumed by oxidation by

molecular oxygen as it attempts to diffuse parallel to the magnetic f{ield.

. ! Tt .
Figures 22,23 and 24 show contours of UO+, v, , and ©, concentration

respectively for the parallel simulation, Agaln the results are similar to

s

those for the perpendicular simulation. The formation of an ion cloud shell
about the release point is again clearly scen. The shell is broader in this
case, and ftor U0, diffusion outward is very uoticeabie. The molecular

oxygen is depleted in the release location, and for this case the burned out

region is very much larger as the ilons diffuse outwaird,

The results for the uranium release simulations with 3 times faster
diffusion are shown in Figures 25 through 28. The in{tial conditions .re the
same as used for normal diffusion. Figures 25 and 26 prusent results of the
perpendicular simulation 10 seconds after release for the neutrals and ions
respectively, Figures 27 and 28 show results for the parallel simulation.
The results in both instances dare qualitatively similar to those represented
previously. The major quantitative differences are a more “upid oxidation of
vot to UO+ allowed by faster diffusion of 05 into the ion cloud, and for the

2
. - , + C
paralle’ case, a more rapid diffusion of U0, alaong the geomagnetic field.

. . . + . .
Nevertheless the time scale for the complete oxidation of U to Ua, is still

greater than 10 secs.

IV. Conclusions

The results of the numerical simulation of a uranium vapor release at
about 200 km altitude have demonstrated a very consistent and understandable
morphology. For the 2 kg prompt release considered here, it is clearly
demonstrated that the uranium vapor will completely burn out the molecular
oxygen of the ambient neutral atmosphere. Moreover diffusion of molecular
oxygen from outside into the release cloud is not sufficient to rapidly
oxidize the cloud to its final state, UOZ « We have shown that the time
scale for complete oxidation is a few tens of seconds.

It wmight be thought that increasing the altitude of release would
alleviate the slow oxidation of the cloud owing to faster diffusion rates.

Unfortunately this is probably not the case since the atmospheric molecular




oxygen density decreases rapidly with altitude and the burn out would be more
severe. It would appear that the only solution te the slow oxidation problem
would be to release the uranium vapor gradually. However, in this case one
would not have a compact cloud for measurement hut would have a long thin

trail of oxidized uranium ions across the sky.

The morphology of the release simulated here has a clearly defined shell
structure. The 1ion c¢loud is also greatly extended along the 3zeomagnetic
field. At early times after release the ions form a double shell with Uof
ions forming outside the U0" shell. At later times there is a single shell of
U0: fons with a diameter of about 1 km perpendicular to the magnetic field
and a langth along the field of more than 10 km. The simulation iadicates

that the ion density in the shell can be expected to be 10% to 102 ca™3.

is a very high density when compared to the well studiad barium vapor releas

where the ion densities are normally 2 orders of magnitude lower.

These very high ion densities can have important implication for gradies
drift structuring for the uranium release ion cloud. For barium releases, it
has been demonstrated that ion clouds which have a large conductivity ratio
compared to the background ionosphere form striations very slowly (Linson,
1975 ). Therefore, we would expect that a uranium vapor release would create
A slowly structuring fon cloud. This situation may be somewhat alleviated by
conducting the uranlum release during daytime with higher ambient ionospheric
conductivities. However, on balance the uranium ifon cloud should oaly slowly

form striations.

In summary, we conclude that a prompt uraninm vapor release would resalt
In a UOZ ton cloud in a few tens of seconds. The ion cloud would have a
shell like structure and be compact perpendicular to the magnetic field and
very elongated along the field. The ion concentrations would range from 108

to 109 cm™3 and would develop striated structure very slowly.

Acknowledgments

Tals work was supported by the Defense Nuclear Agency.

.




L3

cattod 3sang woay stiped

susdaa b opur .w:: Con ‘ip Aol umoyus oav M‘lEu U] L0]13R1IJUDIVOD
se¥ 3o (] osvrq 01 wyllavidor *uCISn} P Jeuluou puw  platl)
Srleufdrwodd oyl 03 JFluolpueddad ol {nwls 203 SUO0 L 1PUOD (BT111U, *1 =2andyy
n
Ouy (W) =20 'p-0 ‘£-200 ‘2-0N ‘1-N
aosueisiqg
51 01 S'0 0°'0
1. / I
T - -
3 ] 5 S 5 S 5 5
b v 4 b 4 v v 4
w
|
i _ !
I L | | |
T .-
§8/7/vCr 10 00 300°0 EL R WS 01307 °SN30 "WAN 10N




*36EO]ad 2314k SPUODDS 7 Ik U0O]IvIIUIDUOD sed (AN *7 9andly

oMaN Lo ce.n tc. oo 1.
(w) 5-20 'b-0 ‘§-20N °*2-0N ‘1N
asueisiqg

5°1 01 5°'0 0°'0
1 1 L
j -
i
i
N
T --
/
3 T 5 5 3
1
3 v v v y
N -
[
§8/v0/10 00 3106°2 3IWlL 01907 °SN3A CWNAN T1AN

C'9

0°¢

08

06

0°01

10

e L 22 <

e
v po PRy




1 I, ) ] i ™ ” T N T T T ey

4

A

*Aa) b SPLODOS (B SUOTIRIJUIDUOD SEE TrIINON ‘¢ 2anST1y
sk-1-Ta] . .
(W) 5-20 ‘'v-0 ‘f-20N ‘2-.0n ‘1N
3auelsig ﬁ
s 01 S°D g'0
B 1 ' | 1
-- D9 :
: k
-- 0'¢ fv
i -- 0’8
5 53 5 5 >
-- 076
3 3 v 3 v v y /
-- 00
1 4
- D. 1

§8/v0/10 00 3¢0°S 3WIL 01307 "5N3C "WNAN "LINN




*9SLAud Ayt

SPUODDL 1 ¥ SUOTIRITUIDLOD SEF 1raINay

v 2andig

ooun
(w) S-20 ‘v-0 ‘§-20Nn °2-0N ‘1N
asueisiq
5°1 D' 5°0 .
N | ﬁ%
|5~/
S xAﬂ\l\
S -3 B S
3 3 'S 3 4 1//V
| 4
$8/90/10 10 300°1 3WIL 019071°SN3Q "WNN

"1AN

-

g9

0'¢

0°8

D°6

0°01

0°

12




*pPloty o13audewos’d

0 avinatpuadiad 1L 104 1sany woud | dOUEYS P SNSA3A NOD pue
+
+:: 10)  umoys  aaw M|E.., Ul tUOIJIRIIUADLOD  UCY 306 (] 3seq
03 wyitaevon *OSLOTAL A8 SPLLIIS ¥ JE SUOTIBAIUIDLOD Sk uo] ¢ Panlyy
61 -1-18
c-+20n "1-+0n
(W)
asuesiq
S -1 01 5'0 00
L Il { |

13

== 011
£E8/¢v0/10 00 31o-¢ AWITL 01907 "SN3IA "WNAN "NDI




fOSLC(NA J4aT ) SPUCDAS ¢ B SUO1IRIIULOU0D sl uol gy @andly
oMdN .
(w) 2-+20N *1-+0N
asueisIq
S*1 0°1 S*'0 0°‘0
| | j |
1
1
[
1
/ \N
| /’
<
¢8/v0/10 00 320°9 INTL 019071 °'8SN3d "WNN °NO!1

0¢

0'8

0’6

0°Ci

.

14




fostilod U4aY 3y SPuUohos (3] 2H SLOTIRITUIDLOD SEE uoy */ wL:M:...._.
00aN ¢-+20Nn *1-.0Nn *
e ¢ L]
(w) )
aouelsig ﬁ
S°1 a1 5°0 0°'0
L ] A —l

-~ 09 H_,
!

15

-\ 7
A

\ .
\Vi
Y

e Ut

§B/90/10 10 3001 INTL 01907 °SN30d "WNAN °NOI




R - B bt 4

L T T T T L T I T

*95EATAL 293JB SPULDAS (jz IV SUO}IEIJUadLLD SEF uo] ‘g 2and1y
ooun .
(W) ¢-+20N 'l-+0N
aaueisiq
S°1 0°1 $°0 8'0
A | A |
-- 09
!
/ '.
- 0°¢

/ o

-- 06

-- 0°01

-+ LUl
§8/90/10 10 300°2 3WIL  01907°SN3Q "WON "NOJ




Tenbaled 49046 SPLODes (U 3B SUOTIREIIUSDLOD seT uu]

6 2431y

oouN c-+20N ‘1-+0N
(W) *
aouelsiq
m-— D.— W.D Q.
1 | 0
c
¢B/90/10 10 300°¢ 3WNTL 0190 "GN3A "WAN "NO!I

0°¢

17

08

06

0°91

o'




*osualal 2a1jv

SPUOOAS Ok GE SUOTIRJIIUSIUOD sBE uo]

‘01 210814

poun e
(w) Z=+20N ‘i-+0Nn
aoueisig
5°1 01 5°'0 0°0
| i I
S
< -
e
§B8/9C/ 10 10 300"y 3WIL 01907 "SN3C "WNN °"NO1

0°¢

0°8

0°01

18




fasbaloed Aa)ar spLosas 0 Gt SLOlIELIUaALLOD [ O uoj] ‘11 c.._:w:.v.*

ooun ¢=+20N “1-+0N
(W)
asuelsi|g
51 01 S'0 0°'0
1 | 1 l

s

£§8/90/10 10 300°S 3WIL 01307 "SN3A "WNN °'NOI




TOWTY UT SAvDap A1TENPRIS ATuu yolym wy 740
I¥ UOTIRWICY (1OYsS OD130N ‘¢ B0 Ul 9de sanojuo)  tjujod aseaiau
Wo1j SOUEISIp puE SW]] SNSIBA SINOJUOD UOTIEBIJUIDUOD uor Lon °zi 2an814

oH8N 1| 3071 =g 01 30°S =3 01 30°2 =@ 0!l 30°t =3 60 30°S =g
60 30°2 -v 60 30°1 -6 B0 30°S -8B BO 30°2 -/ B0 30°1 -9
¢0 30°S -5 (0 30°2 -+ 40 30°'1 -% $0 30°5 -2 0 30°2 -1

| 51 D1 S0 00

== 0'0

\N |

/] -

N
NN o
NN I

UL
\

§E8/v0/10 -0n

O,
<
/

/

N &

gurl |

(*985)




*3jujod 3sealaa
WO1) WY (Z*( aAnuge v Cg Aq pazilpixo s1 400 se swil uy K11enpead

SWIOI  YdIym JI2Ys OD1IO0N *SIN0OJUOD  UOTIEIJUIOUOD  UO] Mo: ‘€1 2an81d w

oudN 01 30°2 =Q 01 30°1 =3 40 30°S =8 60 30°2 v
60 30°1 -6 80 30°'Ss -8 B0 302 -« 80 30°1 -9 (0 30°S =58
L0 30°2 -v ¢0 30°1 -¢ 90 30°'s -2 ?0 30'¢ -1 0 30°1 -0
51 01 5°0 0’0
1 | - |

--0°0

\\\\N\ _— :

\ v = x\w& -0
\ﬁ \ \//MA i _ R
_/ \, ﬁ ‘ - oy W,
m p—
: f i 3
i B -- 09 ©
\ J 5 : i -
: -- 08

¢§B/7v0/10 +20n




AINOs Aaden {10l

L Desuaaa oloy duap eul oA

C e lgl Lo S Loty uied PERaloea LU d au

TRANOIUUD LOTIRIJUIDLUS sEH Ly 11 Adnféry

i

onHEn 60 30°2 =V
60 30°1 -6 BD 30°S -8B BO 30°2 -¢ B0 30°1 -9 (0 30°5 -§
L0 30°C -» L0 30°1 =% %0 30°S -2 °D 30°¢g -1 %0 30°1 -0
S D'l 5'0 0°0
{ 1 i |
-~ 0°0
5 i
; L
-
\ i - = O-N
ﬁll
-
—_
1 -- 0y =3
— (4]
- P
(a2}
-- g9 <
B -
Tf -
I -- D°8
T
-~ D'
$8/vC/ 13 ¢

22




*1 €14 woly oleds JrIUOZIAoy popuedxs A[1vaa8 oyl

SI0N  °f *F14 Ul SE Umoys Ode so(vads AWES  cuUOTSNJ 1P TEUTWOU pue

P1213 9211oudewoedd 03 (ojjvded UOTIEIDWIS 103 SUOTITPUOD TBIITUT °¢1 2an81j

X
1§-151g)
S-20 ‘v-D °"S§-20Nn °'2-DN '1-N
()
asuelsiq
0°s1 s 21 00l 5°¢ 0°s 52 D'D
| A l | i |
-- D'%
g
-- 0'¢ ‘
[
[ ]
-- D8
S § 5 S g 5 S ] [
-- 06
qw 2 ¥ v v v v v v
-- 0701
R -- D
§8/v0/10 00 300°0C 3wl 01907 °SN3d WAN CENN




)

*OSEO1AA 1A ¥ SPUOIDS T TR SUOTIBIIUIDUOD SBE TraInaN  *9] 2an8yy

154N S-20 ‘¥-0 ‘§-200 '2-00 ‘1N
(W)
aouelsiIq
0°s1 §°21 001 S/ D°S 52 0°0
| | | 1 N L
-- 09 3
N g |
--0°¢ ’
3 ]
/) o m
T 3 X 5 3 % 5 g
|
. 1
== O [ w
]
|
b [ y [ [3 [ b [ [2 '
i
R R
S8/90/10 00 300°2 3WIL 01907 'SN3Q “WAN “JNN




*avtalal aolju

Spucoas (v

M)

SUOLIFIIUOIULD SEE [RIININ

*L1 #and1y

1860 5-20 ‘v-0 ‘§-200 ‘2-0N ‘1-M

(w)

aoueisig
' ‘21 ‘01 S ¢ 0°'¢g 52 0°'0
orst s 1 | 1

= --
5 5 5 g \n\
[
y v v v v V| N\

$8/90/10 0C 310°S 3WIL 01907 'SN3IA "WAN 1NN

c'8

0°01

25




*8SPa1aa 131je SPUODIS (] IE SUOTIEBIIUSDUOD sed Teajnay *gl oandiy
Tuun §-20 ‘v-0 ‘§-200 ‘2-00 ‘1N
(w)
aouessiq
051 s 21 001 52 0's 52 0°0
| . [ | {
L g 3 5 5
L2 v 3 — ¥ ¥ Aﬂ{j
$8/%0/10 10 300°1 3wli 01907 °SN3Q "WAN 10N

0°¢ !

26

0B

0°6

0°01

0°1;




*¢ *S14 Ul sE umoys ode saivads auwvry  asealal

1333 ‘spuudss 7 v uollv|nuls lelleded 103 SUOTIBIIULDUOD UOT ] @2and1g

1u8n 2-+200 *1-+00
(w)
asueIsi(
0°g) g2l 0°0Q1 §°¢ 0°'s §'2 0°'0
[ ] n | | |
- 09
-~ D¢ ,
2 |
oS !
o~
-~ 0°8
-~ 06
- 0°0i
-0t

£E8/v0/10 00 300 -2 INIL 01307 °"SN3Ad "WNAN "NOI




*9SE9TAd 43]jJjb SPUOIDdS ¢ Jb SUOTIJ®AJU3OVOD uO]

*Q7 @and1y

1580
2-+200 *1-+00
() * 0
aoueysig
0°87 g2 0°'0D1 5S¢ 0°S §°'2e 0°‘0
| | | ] |
1//// 1 --
\ i
1
$B/%0/10 00 310°S 3WIL 01907 °SN3AQ "WAN °NOI

o'y

0°¢

0°8

0°6

0°Clt

28




*38E910ld 183}k SPUODAS ()] 1B UOTIBIIUBDULOD O] *{7 3andi4g

n
18y 2-+200 “1-+0N
(w)
aoueIsIg
[ | g2l 001 S ¢ 0°*s §'2 0°0

/ --07¢ -,
~ -- 0'B
2 I

/

-~ 0°DI

¢B/¥0/10 10 300°1 W1l 01307 °'SN30 "WNAN "NOI




.M:: 01 UOTIEPIXU AQ pawnsuod A1MOTS ST yojuym jujod

3SER[91 WOAJ WY ¢°() INOQE IB UD}IBWIO} T]dYS JDJION .mlEu uy

81¥ Sanojuo) *plol4 21319udemusd vl 1olleaed uojjelnuls 103j 3julod

dSLSTAL WOIj 3DUFISIP pub W] SNSIBA SINOIUOD UOTIBIILAOWOD _ofl °TT aand1y

I¥-1-1p] ot 30°2 -G D1 3071 =3 60 30°S =8 60 3072 =v
60 30°1 -6 BO 30°S -8B 80 30°2 -« BO 30°1 -9 L0 30°S =S
(0 30°2 -# ¢t0 30°1 =-¢ 90 30°S% -2 %0 30°¢ -1 90 30°1 -0

0°st szl 00! S'¢ 0°S 5'2 0'0

t i | L ]

-- 070 ~

|
N

1\\

%

=
30

T

8l |

LA

\ -- 09
!

-- 0’01

(*288)

¢8/v0/10




TLOTSL TP [HUTWOU ¢ Lol ok aly)

G ULIMO STAEM IR0 Spreads 11 oS0 S141 Ul Ing Cqu10d esto(ad 2vou
oubd sexrl Lrele uovuaoy oy SSADCIUOD UOTIPLIUO UG MC: ¢ ~aufyg
TyHn 60 30°2 v
6C 30°1 -6 8C 3C°S -8B BO 30°¢ -« B0 3271 -9 ¢0 30°S -§
¢C 3C°2 -» ¢0 3C°1 -% ¢C 3075 -¢ ?C 327 -1 ?0 3071 -0
0°St s2! o-ct S ¢ 8's S 2 0°'c
I | 1 B\ 1 4 I } . | Bt :
! a fﬂ ! -- 00
, | !
+ B S .J-li---fﬂ, - ore
: /
\ =
VARV w
/AN
v (r
4 f -
J H |
X ! -- 09
. | -
| !
«_ / A (-
! \ k‘
_ - oe
I | [t
! AT
| for N
_ [/ |
-- 00
¢B/v0/10 -2on

31

au 1|

(*998)




}. " sa) v — i . - e e —— i ) B

"S2SEId L 0fI PUB [ JO UOIIEpPIXO

phenrermasry

19313 s1T13a@a  AT1enpea8 KJuo yojym 2ses19a 10  AITUID1A ut

|
pawioy C( uy ayoy deop 8yl utede 230N *SINOIUGD UoT3EIIUBOU0D LG 47 2anB1y {
1480 60 30°S =8 &0 30°2 =v ;
60 30°1 -6 B0 30°G -8 BO 30°2 -£ BO 30°1 =9 (.0 30°S <%
¢0 30°2 -v (0 30°1 -§ 90 30°S -2 90 30°2 -1 90 30°1 -0 ;
0°s1 521 001 5 ¢ 0°s 52
] 1 I | 1
0°0
02
[
(2]
pu—
[V 4 =
(4]
w
(<]
AU
N
0'B
-~ 0°C1

¢eB8/¢0/10 0




‘uorsnjzip
[eulwou ueyl J193sey puk  pisvly  dlivsuBewcad o3  ae noipuadaad
UOTlETNWIS 103  SPULIAS (] 1B SUOTIBAJUADUOD sed  [eaanay -Gz 8andig
g 0dN
(wy) $-20 '#-0 '§-20N *2-0n *1-n
aouelsiqg
51 01 S'o :
| 1 | | Y
5 5 k] 5 5 E N
» y b 12 [2 v v/
1]
£€8/S0/10 10 300 °1 3WIL 01307 "SN3d "WNAN “1NN

0°¢

33

08

0°6

D Ol

T on I

H




*UOTSNJ TP J83Skj puv Ppleli d1iaudrwced o]

deiuolpuadiad uol3E{NWIS 10§ SPUODIDS (3] v SUULIEIJUSVULY std uL]  *yg Bandyy

q

§8/750/10 10 30071 01307 "5N34

o'y

0°¢

0°'8

06

0°01

D11

34



TUOYSN 1P 4218E] pue plal) d13aufrwovd 01

1el11raed UOTIVINWIS JOJ SPUODAS (J)| Tk SUCIIRIIULDUCD sed [rIInaN  *7 #and1y

mum: . . . .
(W) 5-¢0 "#-0 ‘£-20N °2-Dn '1-N
aosueisiq
0°s1 5§21 0°01 S°¢ 0°'S §°2 0°'0
| 1 i l 1 Jd
--D'9
--0'¢

2 7 v b r 4 4 /
y

-- 001

-

- Q.
£B/S0/10 10 300°1 IWNIL 01307 °SN3AQ "WNAN "UNN

36




*LOTSTIfJTpP 4@3se) pue plaly d119ulrwosld

03 1ellvdud UOLIENWIS 106 ) SPUODIS (J)] I¥ SUOTIEAIUBDUOD SBB uO] gy eandiy
FIMN .
(W) 2e+20N ‘l1-+0N
asueisiqg
DSl 5§21 001 §'¢ 0°'S S°'2 0°'0
| 1 1 1 | 1
/ /m
T~
A
< X _
].L
¢§8/50/10 10 3001 SWIL 01907 "SN3IA "WNAN °NO

- 09

- D4

- 08

- 06

- 0°0!




References

Archer, D.H., letter from Archer to Lt. Col. McKechney DNA-RAEF, 27 Augus:,
1982.

Armstrong, R.A., "An Analysis of the Potential for LWIR Emissinn From Urani i
and Aluminum Oxide After a Nuclear Airburst", Air Force Geophysics Lab.,
AFGL-TR-82-0064, 26 October, 1981.

Burgers, J.M., Flow Equations for Composite Gases, Academic Press, New York,
Chap. 3, 1969,

Linson, L.M., "Slab Release and Onset Time of Striations in Multiple Barium
Release Studies, KMR Ionospheric Monitoring Program, Spring 1975, HAPREX
Final Report V.3 Stanford Res. Inst. Int., Menlo Park, CA., October,
1978.

Reidy, W.P., "LWIR/Structural Release Characteristics," Proceedings of the DNA
Infrared Program Meeting, 23-24 January, 1980,




DISTRIBUTILI NN LIST

DEPARTMENT OF DEFENSE

ASSISTANT SECRSTARY OF DEFENSE
coMM, €D, CONT 7 INTELL
WASHINGTOS, D.C. 20301

DIRECTOR
COMMAND CONTROL TECHNICAL CENTER
PENTACON RM BE 685
WASHINGTON, D.C. 20301
0ICY ATIN C-65D
O1CY  ATTY U=312 R. MASON

DIRECTOIR
DEFENSE ADVANCED RSCH PROJ AGTNCY
ARCHITECT BUTLDING
130y WILSON BLVD,
ARLILGTON, Va. 22209
O1CY  ATTN NUCLEAR MONITHRING RESEARCH
01CY  ATIN SIRATEGIC TECH OFFICE

DEFENST COIDIUNICATION ENGINEEIR CENTER
1860 WIEHLE : CE
REST2N, VA. 22090

01CY ATTN CODE R4IQC

01CY ATTN CODE R812

DEFENSE TECHNICAL INFORMATION CENTER
CALIERON STATION
ALFEXANDRIA, VA. 22314

023Y

DIRECTOR
DEFENSE NUCLEAR AGENCY
WASHINGTON, D.C. 20305
0iCY ATTN STVL
04CY ATTIN TITL
01CY ATTN DDST
03CY ATTN RAAE

COMMANDER

FIELD COMMAND

DEFENSE NUCLEAR AGENCY

KIRTLAND, AFB, NM 87115
0ICY ATTN FCPR

DIRELTOR
INTERSERV LY NUCLEAK WEAPONS SCHODL
KIKTLAND A3, NM 87119

UlryY ATTN DO NT ToNTROL

JUINT CHILFS OF $Tars
WASHINGTON, D.C. 20391 4
01CY  ATTN J-1 W.MCCS EVALUATION OFFIc:

RIRECTOR
JOINT STRAT TGT PLANNING STAFF
UIFUTT AF3B
O“AHA, B 68113
O1CY  ATTN JLTW-2
UICY ATTN JPST G. GUETZ

CALEF

LIVERMORE DIVISIC

DIPAR NT OF

LAWRENCE LIVIRMORE

P.0. BOX 8US

LIVERMORZ, CA 94550
01CY ATTIN FCPRL

« FLD COMMAND DNA

LABORATORY

COMMANDANT
NATO SCHOOL (SHAPE)
PO NEW YOXK 09172
01CY ATTN U.S. DOCUMENTS OFFICER

UNDER SECY OF DEF FOR RSCH & ENGRG
DZPARTMENT OF DEFENSE
WASHINGTON, D.C. 20301

N1CY ATTN STRATEGIC & SPACE SYSTEMS (O

<
[92]
N

voMCCS SYSTEM ENGINEERING ORG
WASHINGTON, D.C. 20305
0ICY ATTN R. CRAWFORD

COMMANDER/DIRECTOR

ATMOSPHERIC SCIENCES LABORATORY i

U.S. ARMY ELECTRONICS COMMAND ‘

WilTE SANDS MISSILE RANGE, NM 88002 '
01CY ATTN DELAS-EO F. NILES

FHECEDING PAGE BLANK~-NOT F1.LMED




DIRECTOR

BMD ADVANCED TECH CTR

HUNTSVILLE OFFICE

P.0. BOX 1500

HUNTSVILLE, AL 35807
01CY ATTN ATC-T MELVIN T. CAPPS
01CY ATTN ATC-0 W, DAVIES
01CY ATTN ATC-R DON RUSS

v
i
}

PROGRAM MANAGER
B:{D PROGRAM OFFICE
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
01CY ATTN DACS-BMT J. SHEA

CHIEF C-E- SERVICES DIVISION
U.S. ARMY COMMUNICATIONS CMD
] PENTAGON RM 1B269
WASHINGTON, D.C, 20310
01CY ATTN C- E-SERVICES DIVISION

COMMANDER

FRADCOM TECHNICAL SUPPORT ACTIVITY

DEPARTMENT OF THE ARMY

FORT MONMOUTH, N.,J. 07703
OICY ATTN DRSEL-NL-RD H. BENNET
01CY ATTN DRSEL-PL-ENV H, BOMKE
OLCY ATTN J.E. QUIGLEY

COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

OlCY ATTN CCC-EMEO GEORGE LANE

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

0ICY ATTN DRXST-SD

COMMANDER
U.S. ARMY MATERIAL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
0l1CY ATTN DRCLDC J.A. 3ENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
BLDG 2073
SPRINGFIELD, VA 22150
01CY ATTN LIBRARY

DIRECTUR
U.S. ARY BALLISTIC KESEARCH LABORATORY '
ABERDEEN PROVING GROUND, MD 2105

01CY ATTN TECH LIBRARY EDWARD KAlry

COMMANDER
U.S. AIMY SATCOM AGENCY
FT. MONMOUTH, KNI 077U3
O1CY ATTN DOCUMENT CONTROL

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

01CY ATTN JIM GAMBLE

DIRECTOR
U.S. ARMY TRADOC SYSTEMS ANALYSIS ACTIVIIY
WHITE SANDS MISSILE RANCE, NM 88002

O1CY ATTN ATAA-SA

0ICY ATTN TCC/F. PAYAN JR.

O1CY ATTN ATTA-TAC LTC J. HESSE

COMMANDER
NAVAL ELECTRONIC SYSTFMS COMMAND
WASHINGTON, D.C. 20360
OICY ATTN NAVALEX 034 T. HUGHES
01CY ATTN PME 117
01CY ATTN PME 117-T
0ICY ATTN CODE 5011

COMMANDING OFFICER
NAVAL INTELLIGENCE SUPPORT CTR
4301 SULTLAND ROAD, BLDG. 5
WASHINGTON, D.C. 20390
01CY ATTN MR, DUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE 540% J. GALET

COMMANDER
NAVAL OCCEAN SYSTEMS CENTER
SAN DIECO, CA 92152

01CY ATTIN J. FERGUSON

¥ e A o b VAT -
T pre ey



NAVAL RESEZEARCH LABORATORY
WASHINGTON, D.C. 20375
OICY  ATTN CUDE 4700 S. L. Ossakow
26 CYS IF UNCLASS. L CY IF CLASS)
O1CY  ATTN CODE 4701 I Vitkovitsky
OLCY  ATTN CUDE 4780 J. Huba (100
CYS IF UNCLASS, 1 CY LF CLASS)
OICY  ATTN Cobk 7500
QlCY  ATTN CODE 7559
OICY  ATTN Cunt 7580
O1CY  ATTHN CODE 7551
OICY ATTN CODE 7555
01CY ATTN CODE 4730 E. MCLEAN
OICY  ATTN CODE 4108
OICY  ATTN CODE 4730 B. RIPIN
20CY ATTN CUDE 2628

COMMANDER

RAVAL SEA SYSTEMS COMMAND

WASHINGTON, D.C. 20362
GCIOY  ATTN CAPT R. PITKIN

COMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAHLGREN, VA 22448

OICY ATTN CAPT J.H, BURTON

OFFLICFR-IN-CHARGE

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MD 20910
QlCY ATTN CODE F31

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376
01CY ATTN NSP-2141
01CY ATTN NSSP-2722 FRED WIMBERLY

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448

DICY  ATTN CODE DF-14  R. BUTLER

OFFICER OF NAVAL RESE&RCH
ARLINGTON, VA 22217
01CY ATIN CODE 465
01CY ATTN CODE 461
01CY ATTN CODE 402
01CY ATTN CODE 420
0l1CY ATTN CODE 421

COMMANDER ;
AEROSPACE DEFENSE COIMAND/DC
DEPARTMENT OF THE AIR FORCE
ENT AFB, CO 80912

O1CY ATTN DC  MR. LONG

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

01CY ATTN XPDQQ

Q1CY ATTN XP

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY ATTN OPR  HAROLD GARDNER
O1CY ATTN LKB KENNETH S.W. CHAMPION
OICY ATTN OPR ALVA T. STAIR
O1CY ATTN PHD JURGEN BUCHAU
01CY ATTN PHD JOHN P. MULLEN

AF WEAPONS LABORATORY

KIRTLAND AFT, NM 87117
01CY ATTN SUL
OICY ATTN CA ARTHUR H. GUENTHER
01CY ATTIN NTYCE ILT. G. KRAJEI

AFTAC

PATRICK AFB, FL 32925
0ICY ATTH TF/MAJ WILEY
01CY ATTN TN

AIR FORCE AVIONLCS LABORATORY

WRIGHT-PATTEZRSON AFB, OH 45433
O1CY ATIN AAD WADE HUNT
OlCY ATTN AAD ALLEN JOHNSON

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF THE AIR FORCE
WASHINGTON, D.C. 20330

01CY ATTN AFRDQ

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATIN J. DEAS

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01732

01CY ATTN YSEA




HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTIENT OF THE AIR FORCE

HANSCOM AFB, MA 01731
01ICY ATTIN DCKC MAJ J.C. CLARK

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 456433
01CY ATTN NICD LIBRARY
01CY ATTN ETDP B. BALLARD

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

SAMSO/SZ

POST OFFICE BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)
01CY ATTN SZJ

STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, NB 68113
0ICY ATTN ADWATE MAJ BRUCE BAUER
01CY ATTN NRT
OICY ATTN DOK CHIEF SCIENTIST

SAMSO/SK
P.0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
OICY ATTN SKA (SPACE COMM SYSTEMS)
M. CLAVIN

SAMSO/MN
NORTON AFB, CA 92409
(MINUTEMAN)

OICY ATTN MWL

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCOM AFB, A 01731

01CY ATTN EEP A. LORENTZEN

DEPARTMENT OF ENERGY
LIBRARY ROOM G-042
WASHINGTON, D.C. 20545
0ICY ATTN DOC CON FOR A. LABOWITZ

DIPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.O. BOX 5400
ALBUQUERQUE, N4 B7115
01CY ATTN DOC CON FOR D. SHERWOOD

EGSC, INC.
LOS ALAMOS DIVISION
P.O. BOX 809
LOS ALAMOS, MM 85544
01CY ATTN DOC COX FOR J, BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P.0O. BOX 808

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR TECH INFQ DEPT
01CY ATTN DOC CON FOR L-389 R. OTT
01CY ATTN DOC CON FOR L-31 R. HAGER
0ICY ATTN DOC CON FOR L-46 F. SEWARD

LOS ALAMOS NATTONAL 1LLABORATORY

P.0O. BOX 1663

LOS ALAMOS, NM 87545
0ICY ATTN DOC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R.F., TASCHEK
01CY ATTIN DOC CON FOR E. JONES
OICY ATTN DOC CON FOR J. MALIK
01CY ATTN DOC CON FOR R. JEFFRIES
01CY ATTN DOC CON FOR J. ZINN
O1CY ATTN DOC CON FOR P. KEATON
01CY ATTN DOC CON FOR D. WESTERVELT
01CY ATIN D. SAPPENFIELD

SANDIA LABORATORIES
P.0. BOX 5800
ALBUQUERQUE, NM 87115
OICY ATTN DOC CON FOR W. BROWN
01CY ATTN DOC CON FOR A. THORNBROUGH
01CY ATTN DOC CON FOR T. WRIGHT
0ICY ATTN DOC CON FOR D. DAHLGREN
OICY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJECT DIV

SANDIA LABORATORIES

LIVERMORE LABORATORY

P.O. BOX 969

LIVERMORE, CA 94550
0ICY ATTN DOC CON FOR B. MURPHEY
O1CY ATTN DOC CON FOR T. COOK

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

01CY ATTN DOC CON DR. YO SONG




OTHER GOVERNMENT

CEPARTMENT OF COMMERCE
NATLONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234
01CY (ALL CORRES: ATTN SEC OFFLCER FOR)

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
BOULDER, CO 80303

01CY ATTN A. JEAN (UNCLASS ONLY)

01CY ATTN W. UTLAUT

01CY ATTN D. CROMBIE

01CY ATTN L. BERRY

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

01CY ATTN R. GRUBB

01CY ATTN AERONOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. BOX 92957

LOS ANGELES, CA 90009
01CY ATTN TI. GARFUNKEL
OICY ATTN T. SALMI
01CY ATTN V. JOSEPHSOY
01CY ATTN S. BOWER
01CY ATTN D. OLSEN

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

0lCY ATTN RADIO SCIENCES

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

01CY ATTN L. SLOAN

01CY ATTN R. THOMPSOXN

BERKELEY RESEARCH ASSOCIATEIS, INC.
P.0. BOX 983
BERKELEY, CA 94701

01CY ATTN J. WORKMAN

OI1CY ATTN C. PRETTIE

01CY ATTN S. BRECHT

43

BOUING COMPANY, THE

P.O. BOX 3707

SEATTLE, WA
N1eY  ATTN
01CY ATTH
0ICY  ATTN G, HALL
DICY  ATTL J. FENNEY

CUAAKLES STARK DRAPER LABORATORY, INC.
535> TECHNOLOSY SQUARE
CAMBRIDGE, MA 02139

01CY ATTN D.B. COX

01CY  ATTN J.P. GILMOKE

CUMSAT LABORATORIES

LINTHICUM ROAD

CLARKSEURG, MD 20734
O1CY ATTN G, HYDE

CORNELL UNIVERSITY
NT OF ELRGTRICAL ENGINEERING
ITHACA, NY 1485y

O1CY  AITN D.T. FAXLEY, JR.

ELECTROSPACE SYSTIMS, INC,
BOX 1359
RICHARDSON ) 7Y 75080
01CY ATTN H. LOGSTON
01CY  ATTN SECURITY (PAUL PHLLLLIPS)

EO5 TECHNOLOGIES, INa,

605 Wilshire Blvd,

Santa Monica, Calif 90401
01CY ATTN C.B. GABBARD

ESL, INC.
495 JAVA DRIVY
SUNNYVALE, €A 94086
01CY ATTN J. ROBERTS
OICY ATTN JAMES MARSHALL

GENERAL ELECTRIC COMPANY
SPACE DIVISION
VALLLY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P.O, BOX 8555
PHILADELPHIA, PA 19101
01CY ATTN M.H. BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY
P.0. BOX 1122
SYRACUSE, NY 13201

01CY ATTN F. REIBERT




GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES
COURT STREET
SYRACUSE, NY 13201
01CY ATTN G. MILLMAN

GEOPHYSICAL INSTITUTE

UNIVERSITY OF ALASKA

FAIRBANKS, AK 99701
(ALL CLASS ATTN: SECURITY OFFICER)
01CY ATTN T.N. DAVIS (UNCLASS ONLY)
0I1CY ATTN TECHNICAL LIBRARY
01CY ATTN NEAL BROWN (UNCLASS ONLY)

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

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

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

150 DAVENPORT HOUSE

CHAMPAIGN, IL 61820
(ALL CORRES ATTN DAN MCCLELLAND)
01CY ATTN K. YEH

INSTITUTE FOR DEFENSE ANALYSES
1801 NO. BEAUREGARD STREET
ALEXANDRIA, VA 22311

0I1CY ATTN J.M. AEIN

01CY ATTN ERNEST BAUER

0ICY ATTN HANS WOLFARD

01CY ATTN JOEL BENGSTON

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

01CY ATTN TECHNICAL LIBRARY

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

44

JOUNS HUPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HO?<{INS ROAD
LAUREL, MO 29810
01CY ATT: DOCLMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
01CY ATTN JOiHN DASSOULAS

KAMAN SCIENCES CORP

P.0, BOX 7463

COLORADO SPRINGS, CO 80933
01CY ATTN T. MIAGHER

KAMAN TIMPO-CZNTER FOR ADVANCED STUDIES
816 STATE STREET (P.O DRAWER QQ)
SANTA BAR3ARA, CA 93102

01CY ATTN DASIAC

01CY ATTHN WARREN S. KNAPP

0ICY AITN WILLIAM MCNAMARA

01CY ATTN B. GAMBILL

LINKABIT CORP

10453 ROS:LLE

San DIEGD, €A 92121
01CY ATTN IRWIN JACOBS

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

01CY ATTN DEPT 60-12

0I1CY ATTN D.R. CHURCHILL

LOCKHEED YMISSILES & SPACE CO., INC.
3251 HANOVER STREET
PALO ALT), CA 94304
O1CY ATTN MARTIN WALT DEPT 52-12
0ICY ATYN W.L. TIMHOF DEPT 52-12
01CY ATTN RICHARD G. JOHNSON DEPT 52-12
01CY ATIN J.B. CLADIS DEPT 52-12

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

M.I.T. LINCOLN LABORATORY

P.O. BOX 73

LEXINGTON, MA 02173
01CY ATTN DAVID !f. TOWLE
0ICY ATIN L. LOUGHLIN
0ICY ATTN D. CLARK




MCDONNEL DOUGLAS CORPORATION

5301 BOLSA AVENUY

HUNTINGTON BEACH, CA 92647
O1CY ATTN N. HARRIS

01CY ATTN J. MOULE

0lCY ATTN GEORGE MROZ

01CY ATTN W. OLSON

0ICY ATTN R.W. HALPRIN

0l1CY ATTN TECHNICAL LIBRARY SERVICES

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 R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
O1CY ATTN DAVE SOWLE
01CY ATTX F. FAJEN
01CY ATTN M. SCHEIBE
0lCY ATTN CONRAD L. LONGMIRZ
01CY ATTN B. WHITE

MISSION RESEARCH CORP.
1720 RANDOLPil ROAD, S.E.
ALBUQUERQUE, NEW MEXICO 87106
01CY R. STKLLINGWERF
0l1CY M. ALME
01CY L. WRIGHT

MITRE CORPORATION, THE

P.0O. BOX 208

BEDFORD, MA 01730
01CY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATTN C.E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN W, HALL
O1CY ATTN W. FOSTER

PACIFIC-STFRRA RESEARCH CORP
12340 SANTA MONICA BLVD.,
LOS ANGELES, CA 90025

01CY ATTN E.C. FIELD, JR.

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

(NO CLASS TO THIS ADDRESS)

01CY ATTN [ONOSPHERLC RESEARCH LAB

PHOTOMETRICS, INC.
4 ARROW DRIVE
WOBURN, MA 01801

OLCY ATTN TRVING L. KOFSKY

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

0ICY ATTN E.J. FREMOUW

PHYSICAL DYNAMICS, INC.

P.0. BOX 10367

OAKLAND, CA 94610
ATTN A. THOMSON

R & D ASSOCIATES

P.O. BOX 9695

MARINA DEL REY, CA 90291
01CY ATTN FORREST GILMORZ
0ICY ATTN WILLIAM B. WRIGHT, JR.
0lCY ATTN ROBERT F. LELEVIER
0lCY ATTN WILLIAM J. KARZAS
0ICY ATTN H. ORY
01CY ATTN C. MACDONALD
01CY ATTN R, TURCO
GICY ATTN L. DeRAND
0lCY ATTN W, TSAI

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
0ICY ATTN ED BEDROZIAN

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

OI1CY ATTN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
80 WEST END AVENUE
NEW YORK, NY 10023

01CY ATTN VINCE TRAPANI




SCLENCE APPLICATIONS, INC.

P.O. BOX 2351

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

SCIENCE APPLICATIONS, INC
1710 GOODRIDGE DR.
MCLEAN, VA 22102

ATTN: J. COCKAYNE

SRI INTERNATIONAL
333 RAVENSWOOD AVENUE
MENLO PARK, CA 94025
01CY ATTN DONALD NEILSON
01CY ATTIN ALAN BURNS
01CY ATTN G. SMITH
01CY ATTN R. TSUNODA
0ICY ATTN DAVID A. JOHNSON

01CY ATTN WALTER G. CHESNUT

01CY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
01CY ATTN J. VICKREY

01CY ATTN RAY L. LEADABRAND

01CY ATTN G. CARPENTER
01CY ATTN G. PRICE

01CY ATTN R. LIVINGSTON
01CY ATTN V. GONZALES
01CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W.P. BOQUIST

TOYON RESEARCH CO,

P.0. Box 6890

SANTA BARBARA, CA 93111
0ICY ATTN JOHN ISE, JR.
01CY ATTN JOEL GARBARINO

TRW DEFENSE & SPACE SYS GROUP
ONE SPACE PARK
REDONDO BEACH, CA 90278
01CY ATTN R. K. PLEBUCH
0l1CY ATTN S. ALTSCHULER
01CY ATTN D. DEE
01CY ATTN D/ STOCKWELL
SNTF/1575

VISIDYNE

SOUTH BEDFORD STREET

BURLINGTON, MASS 01803
01CY ATTN W. REIDY
01CY ATTN J. CARPENTER
01CY ATTN C. HUMPHREY

R







