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“ C ABSTRACT

The feasibility of simulating a simple Lorentz plasma with
artificial dielectric constructed from a random distribution of
ductively loaded dipoles is investigated. Both the differences
similarities between the macroscopic electromagnetic properties
artificial dielectric and a Lorentz plasma are discussed.
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1, INTRODUCTION

The complete simulation of the electromagnetic pulse, EMP, associated
with a nuclear burst involves a number of interrelated parameters. The
most obvious parameters are the waveform and the magnitude of the EMP.
However, if the system being subjected to the nuclear EMP is in a pre-
ionized region such as the ionosphere, we would also have to simulate
the ionozation or dielectric constant of the medium surrounding the sys-
tem such as a missile or satellite. In this work we investigate the
feasibility of using an artificial dielectric consisting of a random
distribution of inductively loaded short dipoles to simulate the macro-
scopic electromagnetic properties of a simple Lorentz plasma.ls2

During the past twenty-five years a number of so-called artificial
dielectrics consisting of regularly spaced rods, parallel plates, metal
spheres, etc., have been devised to reproduce the essential macroscopic
properties of a dielectric. The ordinary artificial dielectric consists
of discrete metallic or dielectric particles or lattices of macroscopic
size.3"7 These artificial dielectrics were first actually conceived as
large-scale macroscopic models of microscopic crystal lattices. The
practical motivation for the development of the first artificial die-
lectrics was the desire to obtain relatively inexpensive lightweight
materials that could be used for microwave and radar lemses. Several of
the artificial dielectrics proposed for microwave lenses have the macro-
scopic electromagnetic properties of a plasma.z’“9899’1°

A review of the literature reveals a number of papers on the plasma
simulation properties of artificial dielectrics consisting of a rigid
cubic lattice of three-dimensional grids.z’“’6 Experimental work, re-
ported in the literature, has been done only on two-dimensional grid.
lattice structures.2’8’16 That a periodic grid structure would produce
band structure resonances analogous to Bragg scattering has been dis-
cussed from a theoretical viewpoint, but has not been experimentally
investigated.ll,lz,lB’l“

The rigid cubic grid lattice structure has the disadvantage of
being somewhat unwieldy and difficult to support and fit around an ob-
ject with curved surfaces. 1In general, the cubic lattice grid structure
lends itself conveniently to simulation of flat, slab-like plasma
sheaths,

In this paper we describe another approach to the simulation of a
Lorentzian plasma. We propose a granular pellet-like artificial die-
lectric consisting of a random distribution of styrofoam spheres con-
taining inductively loaded dipoles which can yield macroscopic electro-
magnetic constitutive relationships similar to those of a plasma.

A Lorentz plasma can be represented from the viewpoint of macro-
scopic electromagnetic theor¥, as a lossy dielectric with a complex
dielectric constant given by!s?2



€, = €0 [1 - wg/(vz + w?) + ng(V/w)/(Vz + wz)]s (L

where gg is the dielectric constant of free space, w is the frequency of
the electromagnetic field, wp is the plasma frequency, and v is the
collision frequency between electrons and the gas molecules. We propose
to simulate this macroscopic dielectric constant with an artificial
dielectric consisting of a random distribution of inductively loaded
dipoles encased in styrofoam pellets. A schematic drawing of such a
dipole is shown in figure 1. The quantities 2%, L, and R are the length,
inductance, and resistance of the loaded dipole respectively. As we
will show, using simple quasi-static arguments, if the effective in-
ductance wL is much greater than the effective capacitance of the dipole,
the permittivity of a random distribution of inductively loaded dipoles
is

LN 422N R 1
3egl 3egl ‘LY w
E. = € 1- + - 2
’ 0 &%+ w2 j &+ w2 "
L ® L

where N is the number density of the dipole pellets. One can see by
comparing equation (1) with equation (2), that we can simulate a plasma
with plasma frequency wp and collision frequency v by setting

22 N
%E-EE = 2 (3)
and

%. = V. (4)

|z

]

Figure 1. Inductively locaded dipole.
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2, THEORETICAL DISCUSSION

2.1 Quasi-Static Approach

We will first approach the problem of our proposed artificial die-
lectric from a quasi~static viewpoint assuming that the inductive load
of the dipole is much larger than the driving point capacitive impedance
of a short dipole. In a subsequent section we will explicitly consider
the dipole capacitance. First, we discuss the simulation of a tenuous
plasma in which the collision frequency between free electrons and mole-
cules, v, is negligible.

Wé want to construct an artificial dielectric from a pellet-like
medium that has an index of refraction given by?

n = (1- w%/wz) 1/2 (5)

and an intrinsic impedance given by

1/2
Ho /
n = (6)
P
where €p has a frequency dependence of the form!s?
e = ¢ 1 - w?/w? 7
. o p/ ) (N

and where wp is the plasma frequency.

In general the index of refraction of an artificial dielectric may
be calculated in a manner analogous to that employed in calculating the
index of refraction of a molecular medium. Assuming that the random
obstacles are not too closely packed so that we do not have to resort to
the Clausius-Mossotti relation, the index of refraction is given by?®

n = [el (L + N /eg) up (1 + Nxm/uo)] 1/2 (8)
where

N = Number of scattering obstacles per unit volume,

Xe = Elec;ric polarizability of a scattering obstacle,

X, = Magnetic polarizability of a scattering obstacle,

gy = '1 (for styrofoam),

up = 1 (for styrofoam),

11



€0 permittivity of free space,

uo permeability of free space.

From equations (5) and (8) we see that in order to achieve our goal
we need an artificial dielectric constructed from obstacles that have a
negative electric polarizability, xo. If the artificial dielectric is to
simulate a plasma over a spectrum of frequencies, the value of ¥ must
also be inversely proportional to the frequency squared. We would alsc
like the value of the magnetic polarizability of the embedded obstacles,
«ms to be ¢ all or, if possible, zero.

A promising candidate for a scattering obstacle is an inductively
loaded electric dipole. Consider the very idealized inductively loaded
dipole schematically shown in figure 2, Let an electric field E be
applied parallel to the line between two spheres separated by the
distance 28. The field E then establishes a voltage V=22E eJWt between
the spheres. Assume that inductance between the two spheres is L, and
also assume that Lw >> 1/wC where C is the capacitance between the two
spheres. Since we are dealing with a time harmonic field assume that
the charge accumulated on the dipole spheres is given by

q = Qe 9)
then
298 39t = L a%
at?
= LQ(-mz)ejmt
such that

Q = - 22E/Lw?
or
q = - 29F e3“t/Ly2, (10)

The dipole moment of the inductive dipole in figure 2 is then

p 29q = -422E e3“F/Ly2
or

er ejwt (11)

el
i
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" Figure 2. Lossless inductively loaded dipole.

The lossless dipole corresponds to a collisionless plasma.

where

Xe = - 422/Lw2. (12)

If we have a random distribution of dipoles, we must, naturally, con-
sider the various orientations that the dipoles can assume., As shown
A in figure 3 let the E field be in the Z direction. For every random
‘. dipole direction 6, we have an equally probable direction ~6. We can
therefore pair all the dipoles oriented in the +6 direction with dipoles
oriented in the -9 direction. The resultant effective dipole moment for

a dipole is

jut

p(8) = - 2 cos & (% 2% cos 8) E e /Luw2.

The average value for a random distribution of directioms, p,,, is then

/2 /2
P, = f - 4 cos?8(22E ejwt/sz)Zw sin 6 d8/2 f 27 sin 6 do
0 /o
= 1o = - w2 Y32,

Therefore, we have

= - 2 2
Xeav 49 /3Lw . (l3)

"i
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Figure 3. Two dipoles oriented in the 6 and -6 directions.

The y components of the two dipoles cancel.

Now assuming that Xp.,, = 0, the index of refraction of the artificial
dielectric would be

n = [ p (@ - 4N£2/360Lw2)1 ]1/2
and the intrinsic impedance would be
n = [uo/eo(l - 4N22/360Lw2)J1/2

In the case of tenuous plasma (lonized high-altitude air) we have an
index of refraction given by

n o= (1~ Ne2/eqmu2)1/2 = (1 - 3.18:10%/w2)1/2 (14)

where N is the electron density in cm™3, m is the electron mass, and e
is the electron charge. Therefore, if we want to simulate a tenuous
plasma corresponding to electron density N, we can determine the length
2% and the inductance L of our inductively loaded dipoles with the
relation

%Ee— = 2.39:10%9 sec—2

N9,2 2
€qm

gqL

14
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or

2
2%%‘ = 2.11-102N sec=2 F/m (15)

where N is the density of artificial dielectric dipoles in meter™3, % is
in meters, and L is in henrys.

Next, we note that by introducing a resistance into our dipole we
can simulate the imaginary part of the index of refraction that arises
because of the collisions, v, per second between the plasma electrons
and the atmospheric molecules. Figure 1 shows that the voltage between
the dipole spheres is '

2
2gE Wt - p 459,40
dtz dt

where as before we assume Lw >> 1/Cw. Again, we can assume that the
charge on the capacitance between the two spheres varies as

q = Q ejwt‘
Then

29E 39 = 1Q(-w2)ed¥t + roju IUF
and

Q = - 28E/(Lw? - jRw)
or

g = - 20E &®¥%/(Lw? - jRw).

The dipole moment along the axis of the inductive dipole in figure 1 is
then

jwt

p = 28q = = 48%E %"/ (Lw? - jRw).

We see by analogy with the purely inductive dipole

b, = 30 = - 4228 &V/3(e? - JRw).

15



Therefore, we have

Xeay = = 492/3(Lw? - 3Rw) (16)
and
e, = <0 [1 - 422N/359Lw2(1—jR/wL):| (17)
ag g R 1
3 gL 3 el L7 w
= gq 1 ~ ——2—'—— + 3 _""2——‘- . (18)
| R 2 R 2
Q@ twu @ tw

Finally, we note that if equations (3) and (4) are satisfied, we have a
one to one correspondence between equations (1) and (18).

2.2 Explicit Consideration of Dipole Capacitancé

Up to this point we have assumed that the inductance used to load the
short dipole dominated the behavior of the dipole. We will now examine
this assumption in more detail. The arguments presented here are basically
due to Harrington.!5 Consider two short dipole antennas as shown in
figure 4. Antenna 1 is excited by a current source I;; antenna 2 is loaded
at its center with an impedance Zy. The currents and voltages of the two
dipoles can be related by the standard impedances of a two-port network:

Vi = 231 I1 -2;2 I

(19)
Vo = 237 Iy =~ 255 o,

The voltage V can be expressed in terms of Zj and Ip: Vy = Zj I,. Then
we can express the current passing through the load Zj in terms of the
current source driving antenna 1; the transfer impedance Z5;; the driving
point impedance of antenna Z, Z;p; and the load impedance, Zy:

Zo1 I

Iz ————0
(ZL + Z32)

(20)

We next make use of the reaction concept, first introduced by
Rumsey.16s17 Rumsey defined reaction of field a on the source b, {a,b},
with the following integral:

16
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ANTENNA | ANTENNA 2

Vi =Z I1-212 I

Vo =25 1 -2, 15

Figure 4, Two short dipole antennas.

{a,b} =ff 2. 0° - w3M?) av

where,gp is the electric current density of source b and g@ is the mag-
netic current density of source b, In this notation the reciprocity
theorem is:

{a,b} = ({b,al}.

For a current source Iy, we can obtain

{a,b} =/§a-_1_b g = Ibf_l_z_aoﬂ = - ViR, (21)

The transfer impedance in equation (19) is defined by

Z,, = Vij/I

1] h|

where Vij is the voltage at terminal i produced by the current source at
terminal j. In equation (21) we indicate that

{j’i} _ViJIi’

17



therefore, we obtain by eliminating Vij and using the reciprocity theorem B .

= -1
2, LT, ffEi 3, ds. (22)

We next remove dipole number 1 to minus infinity so that the electric
field, E;, at dipole number 2 is a plane wave. Kingl8 shows that for a
short dipole of length B, i.e. for (m/X) B < 1/2, we can assume an
induced current distribution on dipole 2 of the form:

1} (2) = LA -2 |z]). (23)

Equation (22) then yields:
E,B
Z = =—— = Z 24
12 < 3 21 (24)
and from equation (20) we obtain:

25 I E,B
I = = -
2 (2, + Z22) 2(z, + Z52)

Equation (23) then can be expressed as

E;B

1 . _2
Iz(z) = Z(ZL + 222) (1 B IZI)° (25)
The conservation of charge along dipole number 2 can be expressed
as
1
d Iz(z)
—4z tioweal = 0, (26)

where q(z) is now the charge per unit length, and therefore the charge
| distribution along dipole 2 is:

) .
, d I (z)
q(z) R TR (27)

The dipole moment along antenna 2, p, is given by the following integral:

o
1]
\le

qz) z dz. (28)

1
[ 3] +-]

18
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Expressions (25), (26), and (28) then yield:

-i E; B2
P = 4w(j wl + 222). (29)

If we allow x to be the polarizability of the dipole we have:
P = on (30)

or

- -] B2
X = 4w (ij + 222). (31)

Equation (31) is essentially the same as the result we obtained with the
simple quasi-static model, except for the presence of the driving point
impedance Z5, in the denominator. (The factor 4 in the denominator occurs
because we have not capacitively end-loaded the dipole as in figure 1.)

Kinglggzo derives a value for the impedance Z;, of a short dipcle:
2
@y g2 By .
o (c) B 41n (A) 6.78

Z22 = 5o o ] &0 - (32)
[

Here n is the impedance of free space, 120 70, B is the length of the
dipole, and A is the dipole radius.

Up to this point we have considered the incident electric field E,
to be parallel to the short inductively-lcaded dipole. O0Of course, the
current and charge distribution along the dipole is a function of the
orientation of the receiving antenna with respect to the surface of
constant phase of the incident electric field. Kingl!® indicates that
for a short receiving antenna (with a triangular current distribution)
the projection of the electric field onto the antenna, multiplied by
the actual half length of the antenna, gives the emf of the equivalent
circuit. That is equation (24) is modified to

E,B

Zyig = Iy = E‘I‘ECOS 8 (33)

where 6 is the angle between the incident electric field vector and
the antenna. For example, 6 = 0° when the antenna lies in the sur-
face of constant phase. We can now use the same orientation argu-
ments that we used in the development of our quasi-static model which

19



ignored the self impedance Zj3. If we wish to calculate the polarization
in the direction of the incident electric field when the E; vector is not
parallel to the dipole, we must introduce another cos 9 and integrate
over all directions. Therefore, as before

= L
Pay 3 P
and
Pav T Xay
or
- - j B2
Xav 12w(jwl + Z95)° (34)

If we set Zyp, = 0, B = 22, and end-load the dipole so that the current
distribution is uniform and not triangular, we obtain the same result
as given by equation (13).l8

The appearance of Z,; in the denominator of expression (34) is in~
consistent with our desire to model a simple Lorentzian plasma. Spe-
cifically, when the frequency is such that

B
41n(d) - 6.78
WL = Am &= (35)
(E) B

the artificial dielectric will pass through a resonance. We can only
use the inductively-loaded dipoles to simulate a plasma if wL >> Z5,.
We will discuss the effect of Zj; in a subsequent section. An insight
into the limitations imposed by the dipole self-impedance can be ob-
tained by calculating Xgy for some realistic frequencies and dipole
parameters.

2.3 Mutually Perpendicular Dipole Scatterers

Our arguments presented so far assumed that the distance between
the inductively-loaded dipoles is great enough so that their interaction
can be neglected. The use of equation (8) is based on the assumption
of negligible interaction between scattering objects. A way of in-
creasing the value of N in (8) by a factor of 3 and still not violate
the assumption of negligible interaction of neighboring scatterers is
to construct each scatterer out of three mutually-perpendicular
inductively-loaded dipoles. By using essentially quasi-static argu-
ments it is easy to see that three mutually-perpendicular dipoles with
a common center point do not interact.

20
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Consider just two perpendicular dipoles as shown in figure 5. By
symmetry the current distribution along the two arms of dipole 1 is
symmetrical and equal in magnitude. Therefore, the charge distribution
along the opposite arms is equal in magnitude but of opposite sign.

Using a static argument the electric field produced by the charge distri-
bution along dipole 1 is seen to be perpendicular to the direction of
dipole 2. The dipoles therefore do not interact. Similar reasoning
applies to a dipole that is mutually perpendicular to dipoles 1 and 2

and centered at the intersection of dipoles 1 and 2. These quasi-static
arguments are consistent with the more rigorous arguments presented for
skew-angled dipoles by Richmond. 21 If we substitute three mutually-
perpendicular dipoles for the single randomly-distributed dipoles we
simply multiply the average value of the polarizability given in equation
(34) by 3 and obtain

. =B
Xav3 40)(ij + 222). (36)

By constructing our scatterers out of three mutually-perpendicular
inductively-loaded dipoles we accomplish more than simply increasing the
number of scatterers by three: the polarizability of the scattering
centers is made to be independent of scatterer orientation. To be
specific, the scatterer, consisting of three identical, short, mutually-
perpendicular dipoles centered at the origin with a dipole along each
axis, can be described with the following eimple dyadic:

X = x(Li+3i+kl) = XL

The dipole moment induced by an arbitrary field E is then

-> ->
P = -X_ ¢« E
= X+ E (disin 6 cos ¢ + j sin 8 sin ¢ + k cos 6) (37)

= X E (L sin 6 cos ¢ + j sin 6 sin ¢ + k cos )

but (sin 6 cos @)2 + (sin 6 sin 0)2 + cos2e = 1. Therefore, the magnitude
of the dipole moment is o« E and its direction is in the direction of the
electric field regardless of the orientation of the scatterer.

In order to gain insight into the foregoing result we can consider
a relatively simple situation in more detail. Figure 6 illustrates two
perpendicular inductively-loaded dipoles in the plane of the page. Let
the E vector of the incident plane wave also be in the plane of the page.
The third dipole is perpendicular to the plane of the page, and therefore
is perpendicular to the E vector and does nof interact with the E field.
As shown in the figure, the Poynting vector S of the incident plane wave
is also in the plane of the page. The voltage developed across the load
of dipole number 1 is then proportional to E cos 6 and the separation of

21



| —DIPOLE ONE

é kDIPOLE TWO

Figure 5. Two perpendicular inductively-loaded dipoles
do not interact.

charge on dipole number 1 in the direction of the inéident E vector is
proportional to cosze, that 1s pl,Eil = K cos?6. A corresponding argu-
ment (see fig. 7) leads to the conclusion that the dipole mement of
dipole number 2 in the direction of the incident field E is given by
p2,E|| =K sin?6. The total dipole moment in the direction of the vector
E of dipoles 1 and 2 is, therefore, given by

= = 2 02
pEIl PI’EII + szEII K cos“8 + K sin4é6
(38)

~ §{ B2E
bu(juwL + Zg3)°

K =

Let us now consider the polarization perpendicular to the E vector. As
shown in figure 8 the voltage developed across the load on dipole 1 is
proportional to E cos 6 and the dipole moment perpendicular to the E

field or parallel to the S vector is p; gp; = - K cos 8 sin 6. As shown

in figure 7, since the voltage across the load on dipole 2 is proportional
to E sin 6, the dipole moment component of dipole two perpendicular to

the incident field is

22

~ @



®
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Figure 6., The vector Pi g1 is the dipole moment component of
?

P2,EL

dipole 1 that is parallel to the incident electric

field.

K sin 6 cos 6.

So for the total polarization perpendicular to E we have

PIE

Pi,E1 T Po,EL
K (~sin 6 cos 6 + sin 6 cos 6)

0.

(39)
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Figure 7. The dipole moment of dipole 2 can be resolved into
components parallel and perpendicular to the incident
electric field.

In summary, we see that the rather tediocus arguments leading to equations
(38) and (39) are consistent with the result of equation (37). Of course,
as the length of the dipoles is increased, the simple trigonometric de-
pendence for the current or charge distribution does not hold, and the
polarization is not independent of the direction of the incident electric
field.

2.4 Coupling of Scatterers

The dipole interaction of the scattering objects, each consisting of
three mutually-perpendicular and centered, inductively~loaded dipoles,
will be considered next. The starting point for the discussion of the
coupling of scattering objects in both real and artificial dielectrics
is the formula of Lorentz for the field within a hollow spherical cavity
(centered at a particular molecule or scatterer) cut out of the dielectric .
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Figure 8. The vector Py g is the dipole moment component of
’
dipole 1 that is perpendicular to the incident field.

(fig. 9). The displacement vector D normal to the dielectric surface
between the sphere and the cavity must be continuous; therefore, the
magnitude of P normal to the cavity surface equals the negative of the

induced surface charge density oj. We may write o = - IP] cos 6.
The field inside the cavity due to o4 can be calculated at the center

of the cavity with Coulomb's law:

ds cos ©

o
Es = f.._.j.'..—__———-—-
4T € R2
s
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Therefore, the local field at the center of the cavity at a particular
molecule or scatterer is

ElOC = E + 3eq P + Ej.
Here E is the ordinary macroscopic field, P is the polarization of the
dielectric, and E; i1s the mean field due to the matter within the sphere
itself (exclusive of the central scatterer). The magnitude of E, will
depend on the distribution of scatterers within the spherical cavity.
Lorentz showed that if the molecules are arranged in a cubical array, E,
will be zero. Lorentz also indicated that to a certain degree of approx-
imation E, = 0 for such isotropic bodies as glass, fluids, and gases.

We will discuss this approximation in a later section.

Assuming that E, = 0, we obtain the following value for the local
field at a scatterer:

-+ > > 4
B, = E+ P/3ep (40)

The dipole moment of a scatterer is then 3 = Xav3 Eloc’ but,
-5

.
P=pN = Xav3 N Eloc

where N is the number density of scatters per unit volume. According
to the usual notation:

> > >
e E = eg E+ P,
Therefore

> >
P = E (e - gg)
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and

- -> > >
Po= Xav3 N Eloc T Xav3 N (E + P/3e)
-
> E(e1~eq) (41)
= X3 N(E 3egg ‘

This is the Clausius-Mossottl relation. Equation (41) can be manipulated
to yileld:
+
1+2N Xav3/3€°

o 1 ~-Ny ./3¢ ° (42)

€ = g
av3

The above expression is only valid when the local electric field Ej,. at a
scattering obstacle can be expressed as
.

E,_. = E + B/(3ep) (43)

where E is the space average field inside the artificial dielectric.

The local fields for simple tetragonal and hexagonal lattices have
also been calculated by a number of workers. Collin’»22 considers a
three~dimensional array of y-directed unit dipoles at x = na, y = mb,
and z = sc. He excludes the dipole at x = y = z = 0 and calculates the
local field at x = y = z = 0. The potential due to a unit dipole at

X0s Y0, 20 is
§ = LI (44)

41 g r3

where r = [(x -x0)% + (y - yp)2 + (Z - 20)2]1/2. For the array of
y~directed dipoles we then have (fig. 10)

=] o« (-]

1 ' v — mb
4 = DR S (45)
410 pee gmmw0 gmmo [kx-na)2+(y—mb)2+(z-sc)2}3/2

where the prime indicates the omission of the n =m =s = 0 term. The
effective polarizing field at x = 0, y = 0, 2 = 0 will then be E + Ey,
where E is the external applied field and where

i 3y
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Note that the above expression is not only evaluated inside the Clausius~
Mossotti sphere, but over all space. We therefore do not have to consider
a contribution from the inside surface of the sphere.

Collin evaluates expression (46) and obtains

E =

47
i €0 T b3 b3 (47)

1 )1.201 8n [KO (ZEC) + K, <2ga)}

where Ky 1s the so-called modified Bessel function of order zero. Equa-
tion (47) is for unit dipoles. In our case of inductively-~loaded dipoles
we would have

= 1 ) 1.201 8w 2me. 273,

or

=
]

Lo = B4 L Lol s [Ko (2
0 T b3 b3

(49)

2t1a 4 B2
* Ko ¢ b )} (éw(ij+222)) '

The above equation corresponds to a cubic lattice if a =b = ¢, a tetra-
gonal lattice if only two of the quantities are equal, and a hexagonal
lattice if none of the quantities, a, b, or ¢ are equal. 1In the case of
the cubic lattice we find that

1.06 X
Bjoe = E* '";TE;"XaVB (50)
and, therefore
2.08 N
L+ =5 & tav3 (51)
E = €
0 ;- 1.06K8
[ eo av3

which is to be compared with equation (42).
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‘. ( 2.5 Deviations from the Clausius—Mossotti Equation Due to Randomness
of Scatterers

J.K. Kirkwood?3,2% has calculated the deviations that one might expect
from equation (40) in the case of a random distribution of molecules con-
sisting of hard spheres. Specifically, Kirkwood considered a molecular
interaction potential of the form

W(r) ® 0<r=<a
(52)

= 0 r > a
where a is the diameter of a molecule.

Kirkwood's model is not wholly applicable to an artificial dielectric
formed by dumping spherical scatterers into a container because the
scatterers do not necessarily assume a completely random distribution.

For example, depending, among other factors, on how smooth they are, the
spheres can arrange themselves into various specific lattices or combina-
tions of lattices., The different lattices can even correspond to dif-
ferent dipole number densities.

It is interesting to note that statistical mechanical averaging
based on the molecular interaction equation (52) yields a value of the
permittivity that is not a function of the thermodynamic temperature T.
This follows because the value of the exponential term exp [-W(r)/kT] is
either 0 or 1. In a gas or fluid the averaging can be over time; in our
static collection of scattering dipoles the averaging would have to be
over an ensemble of different containers each filled with a aggregation
of spherical dipole scatterers. Kirkwood's approach can be summarized
as follows: As in the lattice case, the local field is obtained by
summing over the potentials due to individual dipoles. We can say that
the effective polarizing field Ej,.i at scatterer i will be given by E + Ej,
where E is the external applied field and E; is given by the sum over ¥
individual dipoles:

N
E = = 3 T .-‘5 (53)
i k=1 =ik “k
#1
. where the dipole-interaction dyadic is given by
I |
_ 1 1 _ ik "ik
Lix = breg 3 1-3 2 (54)
r r
ik ik
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The polarization of an individual scatterer is given by

B.

z = E +E
i B0% 1001 T E0Z

4
(55)

sgaE - ggo % Eik-gk
We therefore have N simultaneous equations

;i +agg £ T aeoﬁ i=1,...8

-
=ik Pk

that would have to be solved in order to obtain Ej,.i for each of the
individual scatterers in the distribution of ¥ scatterers in volume V.
We can average the N equations and obtain

; + aeg I aeog (56)

-
ik Pk

Kirkwood?3s2% introduced the following fluctuation term

N —
> -+ -
n 121 TP ~ L Py) G7)
i#k
and obtained
> > - >
p+oaeg I T, «p+ nee, = aggk (58)

If we can assume that

-> >
Lizepr = Lio'pl (59)
the fluctuation n is equal to zero and

3 + agg 3'2

Converting to the equivalent scalar equation we obtain:
aegE

P = — (61)
I + aeq(Z Tik)
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and
D = €E = ¢gpE + P (62)
= gpE + %;
- € = oE
= goE + (63)

1+ C!EO (Z Tik)

The dipole interaction term can be averaged over the volume v to yield:

I 1
L Tik - 3 v’ (64)
also
X
o = av3 (65)
. Ep B } A
and therefore
LAY
v
£ = 801+ (66)
1-1/3%04
or
1_*__2__1}7_Xav3
3v g
€ = E:o . (67)
- L1 *av3
3 v gy

Equation (67) is to be compared with equations (51) and (42). After

considerable mathematical manipulation and a number of approximatious,
Kirkwood managed to evaluate equation (57) for a substance consisting
of a random distribution of hard noninteracting spheres of diameter a:

1 5 . N2a2D

n = ng - Zg;) " (68)
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where

27Na3
3

3
= 4N (5

4 (volume of spherical scatterers).
To obtain a rough estimate of the validity of using the Clausius-Mossotti

equation for a random distribution of styrofoam ball dipole scatterers,
we can compare the value of n given by equation (68) with the value of 23

Na
v

1

For the experimental situation discussed in Section 2:

n

and we might expect the Clausius-Mossotti equation to be a reasonable
first approximation. Actually, as we have pointed out, Kirkwood's
statistical model is not necessarily applicable to our aggregation of
dipole scatterers because the dipole scatterers in the artificial die-
lectric do not necessarily assume a random distribution. The validity

of the Clausius-Mossottl equation as applied to our artificial dielectric
should really be tested empirically.

3. COMPARISON OF EXPERIMENT WITH THEORY

In order to orient ourselves in regard to the parameters such as the
dipole load impedance and Z55 we will use equations (36) and (42) to
design an artificial dielectric with some actual experiments in mind.

The frequency range considered will be dictated by the band pass char-
acteristics of the type 2300 waveguide. The type 2300 waveguide, the
largest standard waveguide, has internal dimensions of 23.0 x 11.5 in.,

a lower cutoff frequency of 2.56 x 108 H, and a recommended upper fre-
quency limit of 4.9 x 108 H. The frequencies in this range are much
higher than the values usually quoted for nuclear EMP pulses, but we will
consider designing an artificial dielectric to operate at these high fre-
quencies because of the convenience of using waveguide techniques in
measuring the properties of an artificial dielectric.

Let us consider the following series of parameters as an orientation
exercise. We begin with an artificial dielectric comstructed out of
scatterers consisting of three mutually-perpendicular inductively-loaded
7-in. long dipoles loaded with a number of different values of inductance.
Let the dipole stems have a radius of 0.1 cm. We choose the density of
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scatterers to be 264 per cubic meter. This density corresponds to an
aggregation of 48 scatterers distributed throughout a rectangular con-
tainer with dimensions 23 x 11.5 x 41.5 in. Equations (36) and (42)
can be employed to calculate the dielectric constant of the artificial
dielectric as a function of frequency in the band-pass region of the
type 2300 waveguide. Figure 11 shows values of the real part of the
permittivity calculated with equations (36) and (42) for a frequency
range between 300 and 500 MH. The four curves correspond to dipole
load inductances of 0.4, 0.6, 0.9, and 1.4 uH. The magnitude of the
radiation resistance of the dipoles is very small compared to the values
of the magnitude of the inductive loads; therefore, the imaginary com-
ponents of the permittivity are very small.

RELATIVE PERMITTIVITY

300 320 340 360 380 400 420 440 460 480 500
FREQUENCY IN MHz

Figure 11. Values of relative permittivity calculated with
equations (36) and (42) for a number of different
inductive loads. The other parameters are dis-
cussed in the text.
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If we want to model a Lorentz plasma in which the electrons have a
collision frequency v # 0, the load impedance of our dipoles must have a
resistive component. Equation (36) then becomes:

- - 3 B% (69)
Xav3 4u(jul + R + Z57)

where R is the value of the resistance. 1In figures 12a to 12d we present
values of the real part of the permittivity calculated with equations (69)
and (42) with L = 0.4 pH. The series of four figures shows the effect of
different values of the resistive component R on the magnitude of the
resonance occurring when jwL = Zy3. Figure 12a, corresponding to a purely
inductive load, emphasizes the resonance behavior of the artificial die-
lectric produced when the load inductance L is in resonance with the
capacitive impedance of the dipole. As can be expected the Q@ of the
resonance is reduced by including a resistance in the dipole load im-
pedance.

Hz x IO8

THE Q OF THE RESONANCE
-4 WHEN R=0 IS DETERMINED
BY THE RADIATION RESIS-
TANCE OF THE DIPOLE.

REAL COMPONENT OF RELATIVE PERMITTIVITY
o

Figure 12a. The real component of relative permittivity calculated
with equations (69) and (42). The value used for L is
.4 uH and the value used for R is 0. The other

parameters are the same as those employed to obtain
figure 11.
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REAL COMPONENT OF RELATIVE PERMITTIVITY

2.5

g
o

o

o

REAL COMPONENT OF RELATIVE PERMITTIVITY
o

Figure 12b.

L =.4uH
R=500
32 34 36 38 40 42 44 46 48 50
Hz x IO8

The real component of relative permittivity calculates
with equations (69) and (42). The value used for L is
.4 yH and the value used for R is 50Q. The other

parameters are the same as those employed to obtain
figure 11.

L =.4pH
R=10001

0 L T 1 1 1 Ll 1] 1 1 ] ] ¥ T L |l ] 1 T ] I T L 1
24 26 28 3.0 32 34 36 38 40 42 44 46 48 50
Hz x 108
Figure 12c, The real component of relative permittivity calculated

with equations (69) and (42). The value used for L is
.4 yH and the value used for R is 100Q. The other

parameters are the same as those employed to obtain
figure 11.
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L=.4pH
R = 2000

24 26 28 30 32 34 36 38 40 42 44 46 48 50

Hz x IO8

REAL COMPONENT OF RELATIVE PERMITTIVITY

Figure 12d. The real component of relative permittivity calculated
with equations (69) and (42). The value used for L is
.4 y# and the value used for R is 200Q. The other

parameters are the same as those employed teo obtain
figure 11.

In our first experiment we searched for the resonance predicted by
equation (36) and shown in figure 12a. The experimental technique25
" was straightforward and is depicted in figure 13, The ratio of the
incident electric field Ej to the reflected electric field Eg was ob-
tained by measuring the standing wave ratio with a slotted line. The
artificial dielectric sample shown in figure 13 consists of an aggrega-
tion of 48 of our 7 in. styrofoam balls each containing 3 mutually-
perpendicular dipoles. The balls were enclosed in a rectangular box
measuring 23 x 11.5 x 41.5 in, The results of the experiment are shown
in figure 14. It is comforting to note that there is a large reflection
at approximately the frequency of the resonance shown in figure 12a,

In a second series of experiments we measured the permittivity of
our artificial dielectric utilizing the well-known shorted waveguide
technique described in great detail by von Hippel?®., Very briefly, the
technique consists of measuring the null point of a standing wave in a
shorted waveguide., A sample of length £ is then inserted into the
shorted waveguide and the shift in the standing wave null is noted. The
index of refraction of the dielectric sample of length £ can then be
calculated in terms of £ and the shift in the standing wave null point.
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Figure 13. Experimental setup used in determinii_ the resonance
frequency of the artificial dielectric. The sample
consisted of 48 scatterers or '"'molecules."” The
V.S.W.R. or voltage standing-wave ratio was determined
with a slotted line.

T T T T T T T T T T T

280 300 350 400
FREQUENCY IN MEGAHERTZ

Figure 14. Experimental standing-wave ratio corresponding
to the setup shown in figure 13.
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Our experimental values of the index of refraction and some calculated
values are shown in figure 15. The measurements were of two different
artificial dielectric sample sizes; one sample consisted of an aggrega-
tion of 24 scatterers measuring 23 x 11.5 x 20.75 in. in volume. The
length of the sample was, £ = 20.75 in. The other sample consisted of
an aggregation of 48 scatterers in a rectangular volume measuring

13 x 11.5 x 41.5 in. In this case, & = 41.5 in.

The difference between the theoretical index of refraction curve
corresponding to L = 0.4 pH and R = 0 and the measured index of re-
fraction is about 30 percent. A possible source of the disparity be-
tween experiment and theory is that we used the dimension of the card-
board box that enclosed the scatterers to obtain £, The effective
length of the very granular artificial dielectric sample is most
probably not the size of the box containing the scatterers. The
boundary of our artificial dielectric is somewhat nebulous and needs
more study.

Further experimental measurements of the electromagnetic character-
istics of our inductively-loaded dipoles are now under consideration.
These new measurements would involve the irradiation of a monopole that
is immersed in an expanse of artificial dielectric medium. The new
experimental approach would overcome the limitations imposed by the
relatively small size and narrow frequency band pass of a wavegulde.
The measurements could alsoc be carried out at lower frequencies which
are closer to the actual nuclear EMP spectrum. As the frequency is
lowered, the size of the scatterer compared to the wavelength would
decrease. That is to say, the artificial dielectric would have less
granularity and the boundary of the artificial dielectric would become
more well defined,

If we construct a cylindrical monopole of height H-it-would have
a resonance or maximum skin current at frequency f given by

4H
e’

f =

If the monopole were then submerged into an artificial dielectric with
an index of refraction n, the resonance of the monopole would change to

f = 4R n.
Te

The influence of the artificial dielectric of the resonance character-

istics and skin currents of other shapes such as a sphere could also be
studied.
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INDEX OF REFRACTION (n =/-7¢

COMPARISON OF EXPERIMENTAL
AND THEORETICAL VALUES OF
THE INDEX OF REFRACTION.

(o,
A
61
.54
A 48 SCATTERER SAMPLE
0 24 SCATTERER SAMPLE
.4 1
420 430 440 450 460 470 480 490

FREQUENCY IN MEGAHERTZ

Figure 15. The accuracy of the experimental points is limited
by the granularity of the sample and the corresponding
indefiniteness of the sample edges.
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4, SUMMARY AND CONCLUSIONS

We first introduced a simple quasi-static model of the artificial
dielectric consisting of inductively-loaded dipoles which (1) ignored
the dipole capacitance, and (2) assumed that the dipole-dipole inter-
action could be neglected. These two simplifying assumptions yielded
an expression for the permittivity of the artificial dielectric that
behaved in a manner surprisingly analogous to the permittivity of a
simple Lorentzian plasma. It was noted that the granularity of fluec-
tuations of the artificial dielectric could be decreased by constructing
the dipole scatterers out of three mutually-perpendicular scatterers.

Then the effect of the capacitance of the inductively-loaded dipole
scatterers was examined and limits set on the assumption that the in-
ductance dominated the behavior of the inductively-loaded dipole. Next,
the effect of dipole-dipole interactions on the artificial dielectric
was considered. A relatively rigorous expression for a cubic, tetra-
gonal or hexagonal lattice was obtained. An estimate of the effect of
a random distribution of scatterers on the value of the permittivity
predicted by equation (42) was also obtained,

It is interesting that the more exact expressions for the dielectric
constant of the artificial dielectric, which considered both the effect
of the capacitive dipole impedance and the dipole-dipole interaction,

did not model the behavior of a Lorentzian plasma as well as the original
simplified approach. Nevertheless, the artificial dielectric did have
an index of refraction less than one over a relatively broad spectrum.
We are now looking into the possibility of improving correspondence
between the frequency dependence of our artificial dielectric and a
Lorentzian plasma. The approach being investigated 1s based on the
substitution of a more complicated one-terminal pair in place of the
simple inductive dipole load used in our present scatterers. By syn-
thesizing a suitable one-terminal pair out of a number of lumped im-
pedances we hope to improve the correspondence between the frequency
dependence of the artificial dielectric and a Lorentz plasma.

The experimental examination of the theoretical expressions for the
dielectric constant of our artificial dielectric was constrained by the
dimensions and frequency characteristics of available waveguide equip-
ment. The predictions of equations (36) and (42) for the dielectric
constant of the artificial dielectric were found to be in fair agree-
ment with experimental results.
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CHIEF __
NATIONAL MILITARY COMMAND SYS SUP CENTER
THE PENTAGUN
WASKINCYON, D.Co 20301
ATTN 8210 RM BE 685

DIRECTOR

NATIONAL SECURITY AGENCY

FORT GEORGE G. MEADE, WMARYLAND 20755
AYTN O, O. VAN GUNTEN, R=425
ATTN TOL
ATTN $06 KEN EDWARDS

DISTRIBUTION

HEADQUARTERS

EUROPEAN COMMAND

J=5

APO NEW YORK, NEW YORK 09128
ATTN ECUE-WP

-HEADQUARTERS

US EURDCPEAN COMMAND {S=6)

APQ NEW YORKy NEW YORK 09055
ATYN ECCE-PT

CCMMANPER=IN=CHIEF

PACIFI" COMMAND

FPO SAN FRANCISCO, CALIFORNIA 96610
ATTN 430§

DIRECTOR
HWEAPONS SYSTEMS EVAL GROUP, ODDRE
OFFICEy SECRETARY OF DEFENSE
400 ARMY=NAVY DRIVE
WASHINGTONy D.C. 20305
ATTN CAPY DONALD E. MCCOYs USN
ATTN Hehs KNAPP, JR,

CCVMANDER
ARRADCOM [ARMY AIR DEFENSE COMMAND)
ENT AFB .
CCLORADO SPRINGS, COLORADO 80912
ATTN ADGEP, W BARNES
ATTH ADGPA

OFFICE JF THE SECREYARY OF THE ARMY
WASHINGTON DC 2031
ATTN QUSA {OR} DR DANIEL WILLARD

ASSISTANT CHIEF OF STAFF FOR
CCMMUNICATIONS-ELECTRONICS
DEPARTHENT OF THE ARMY
WASHINGTON, D.Cs 20314

ATTN CEED-7, WESLEY T, HEATH

ASSISTANY CHIEF OF STAFF FOR INTELLIGENCE
DEPARTMENT OF THE ARMY
WASHINGTONy D.C. 20310 -

ATIN MITA/OM L I1BRARY

CCMMANDER=-IN~CHIEF
USA  EUROPE AND 7TH ARMY HQ
APC  NEW YORK, NEW YOKK 09403
ATT" AEAGE-T2
ATTH UDCSC=E, AEAGE-PI

OFFICE, CHIEF OF RESEARCH + DEVELOPMENT
DEPARTHENT OF THE ARMY
WASHINGTUN, U.C. 20310

ATTN DARD~MDO, LTC H. SLOAN

ATTN GARD-UOM=-HW, MAJ 8 GRIGGS

ATIN ABMDA-0OD

CCHMANDER
USA ADVANCED BALLISTIC MISSILE DEF AGENCY
HUNTSVILLE OFFICE
P. 0. BDX 1500
HUNTSVILLE, ALABAMA 35807
ATTN RDMH-0
ATTN ROHH=X
ATTN CRDABH=-S, ROLAND BAOWN

CLMHMANDER
US4 S27IGUARD COMMUNICATIONS AGENCY
ATTw DUCUMENT CONTROL
FCRT HUACHUCA, ARIZONA 85613
ATTN SPECEAL SCIENTIFIC ACTIVITIES DIR

SAFEGUARD SYSTEM MANAGER
USA SAFEGUARD SYSTEM OFFICE
CCHMONWEALTH BUILDING
1320 WILSON BLVD.
ARLINGTONs VIRGINIA 22209
ATTN REENTRY PHYSICS) Jods SHEA
ATTN RES ¢ ENG, MAJ TEALE, DAC~SAE=$

CCMMANDER
SAFEGUARD SYSTEM SITE ACTIVATION COMMAND
GRAND FDRKS
P 0 8uUx 631
LANGDON, MNORTH DAXDTA 58249
ATTN DEP FOR SITE ACTIVATION

COMMANLER
USA SAFEGUARD SYSTEMS COMMAND
P. G, BOX 1500
HUNTSVILLEs ALABAMA 35807
ATTN SSC-STPy J H DAUGHTRY
ATTN SSC STE
ATTN SSC-DEM
ATIN SSC<DEM, L L DICKERSON
ATTN $SC=DH

CCMMANDER

USA SAFEGUARD SYSTEMS COMMAND

FIELD DFFILE

BELL TELEPHONE LABORATORIES

WHIPPANY RUAD

WHIPPANY, NEW JERSEY 07981
ATTN SSC-DEF-8, J TURNER

SAFCOM PROJ ENGINEER

CCMMARLER
USA SAFEGUARDS SYSTEM EVALUATION AGENCY
WHITE SANDS MISSILE RANGE, NM $8002
ATTN SAFSEA-EABR
ATTN SSEA-RB
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CCOMMANDER

HQ¢ US ARMY HATERIEL COMMAND

5001 EISENHOMER AVENUE

ALEXANOR 1A, VIRGIRIA 22204
ATTN AMCOL¢ DEP FOR LABORATORIES
ATTN AMCRD, DIR RESy DEV, + ENGR
ATTH AMCRD=MNs JOHN CORRIGAN
ATTN AMCHS=1Se ALOALC SAUCIER

CCHMANOER

US ARMY HMATERIEL COMMAND

REQSTONE ALSENAL, ALABAMA 15809
ATTN AMCPH-LCESs H HENORICKSON
ATTH ANCPM=#Dy SAM-D PAQS OFC
ATT' AMCPM-MOE
ATTin AMCPH~MOE, MAJ STAKLEY

CCRMANDER
US ARMY MATERIEL COMMAND
FORT MONMOUTHs NEW JERSEY 07703
ATTH AMCPH-TOSs PROJ MGRe ARMY TACTICAL
Q4T A SYSTEMS {ARTADS)
ATTH AMCPH=-TOS~TF

CCMMANDER
USA COMMUKICATIONS SYSTEKMS AGENCY
FGRT MONMODUTHe NEW JERSEY 07703
ATTN LIBRARY
ATTN SEYMOUR KREVSKYy OEP OJR ENGR

CCHMANQER
ARMY MATERIALS ¢ MECHANICS AESEARCH CENTER
WATERTJ4Ns MASSACHUSETTS G2i72

ATTt AMKMR=XHs SOHN DIGNAM

COMHANDER
USA FOREIGN SCIENCE ¢ TECHNOLOGY CENTER
FEOEAAL OFFICE SBUILOING
220 TTH STREET N.E.
CHARLOTTESVILLE, VIRGINIA 22901
ATTH AMXST=IDI OR P A CROWLEY
ATTN AMKSY-T51 0 MC CALLUM
ATTN LIBRARY SERVICES BRANCH

CCMMANDER

USA SATELLITE COMMUNICATIONS AGENCY

FCAT HINMOUTH, NEW JERSEY 07703
ATTH AMCPH-SC-6¢ MR PERLE

CCHMANDER
USAMC ABERDEEN RESEARCH ¢ DEV CENTER
ABEACEI' PAGVING GROUND. MARYLAND 21005
ATT. AMKRO-8VLy JoeHa MC NEILLY
ATTH AMXRO-BVLe JaWe KINCH

COMMANDER

USA ELECTRUNICS COMMARD

FCRT MINMOUTH, NEW JERSEY 07702
ATIN AMSEL TL NN DR £ HDTH
ATTIN AMSEL-TL-NOr E.T. HUNTER
ATTH AMSEL-FL-Dy H K ZIEGLER
ATTN AMSEL=GG=TDs SARAH UMANSON
ATYN AMSEL-NL-E-5¢ MILTY LIPTON
ATTN AMSEL-NL=-O
ATIN AMSEL-TL-D
ATYN AMSEL-TL=-RE, # POMERANTZ
ATTH AMSEL=GG-Ms G K GAULE
ATIN AMSEL-TL=NRy DR H A BUMKE
AYTN AMSEL-wL=D
ATTN AMSEL-CT-HOKy COHEN
ATTN AHSEL-TL=-N, DR S KRONEMBERG
ATTN AMSEL=TL-NSs R FRE1BERG

CCHMANTER

USk ELTCTRINICS COHMARD

FCRT BELVO[R, VIRGIvIA 22040
ATTN AHSEL-NVy CPT PARKER

CCHMMARDER
USh MISS[LE COMMAND
REDSTONE ARSENALs ALABAMA 35809
ATTN AMSHI-RBLD, CHIEF DOC SECTION
ATIN AHMCPHM~HAy HAWK PROJ OFC
ATTIN AMSMI=RGGy Jo HOLEMAN
ATTH AMSMI=RRy MR. LIVELY
ATIN AMCPM-PE-EAs § D COZBY

CCHMANDER
USA HMOBILITY EQUIPHENT R ¢ O CERTER
FCRT BELVOTR. VIRGINIA 22060
ATTN SMEFB-Mw, J W BOND
ATTY SMEFB=84, R K YOURG
ATT.. SHEFB-RNy 0O & OINGER
ATTH T W OCOKNGRe JR
ATTH SMEFB-HHD, F P GOOD
ATTN SMEF8-XN+ W J HAAS
ATEN SHEFB=ES, R S BRANTLY, JR

CCMMANDER
Ush MURITIONS COMMAND
DCVER, NEN JERSEY 07801
ATTN AMSMU-RE-CN¢ SYS DEV OIVy
CHEMICAL & NUCLEAR
HR  WAXLER
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COMMAKRER

PICATINNY ARSENAL

DOVER, NEW JERSEY 07801
ATTH SHUPA-FR=Ey L AYRANI
ATTH SMUPA=FR=§
ATTN SMUPA-TS=F=S, TECHHICAL LISRARY
ATTS. SHUPA-NDs A, ZIRKIND
ATTN SHUPA~ND=NE
ATTN SMUPA-ND=C-§ OR AKING HOADIO
ATTN SHUPA-ND-DCZ
ATTN SMUPA-NO~D8, € J AREBER
ATTH SMUPA-NO=DAD
ATTN SKUPA-NDB 300, BLOG 95,

ARTHUR NICHOLS ,

ATTH SHUPA-RT=S, FOR JAWTIP
ATTH SHUPA-ND=N
ATYN SHUPA=QA=N, G OLIVICRI
ATTN SHUPA-TS~1-Es A GRINOGH
ATTH HYMAN POSTERANAX

COMMANTOER

USk TEST « EVALUATION COMMAND

ABERDEEN PROVING GROUND. MD 2130%
ATIN AMSTE-EL. Ralo. KOLCHIN
ATTN AMSTE-NB: R.R. GALASSO

COMRAND R

USA AB.ADEEN PROVING GROUND

ABERDEEN PROVING GACUNU+ MARYLAND 2100%
ATTN STEAP=TL, USAARDC BR ({NAL} 6LD 330

PRESIDENT
USA AIRBOANE COMMUNICATIONS + LLECT 8D
FORT BRAGG, NOARTH CARDL IkA 28307

ATTH STEB-MA-A

CCHMANDER
USA ELECTRONICS PROVIRNG GROUND
FCAT HUACHUCA, ARIZONA #5613
ATTN STEEP-MT=G
ATTN STEEP~HT=M¢ MR HCINIOSH

CCMHANOER
WHITE SANDS MISSILE RANGE, NM 88002
ATTN STEWS-TE-N¢ M.P. SQUIRES

CCHMANLZR

USACDC NUCLEAR AGENCY

FORT BLISSs TEXAS 79916
ATTN CDCNA-E

CCMMANDER

USACDC ARMIR AGENCY

FCRT KNOX, KENTUCKY 4012t
ATTN DOCUMENT CONTOL

CCMMANDER
USACDC COMMUNICATIONS-ELECTRONICS AGENCY
FCRT HONMOUTH, NEW JERSEY Q7703

ATTN CHIEF, M/E DIV

CCHMANDER
USA COMPUTER SYSTEMS CUNHAND
FCRT BELVOIR, VA 220
ATTN CSLS-EME-E, E T PARKER
ATTr CSCS-EME-C

CHIEF OF ENGINEERS
CEPARTMENT OF THE ARMY
WASHINGTON: 0.0 20314

ATTN DAER-MCE=D, MR MO CALLEY

OIVISION ENGINEER
USA FNGINEER OIVISION, WISSQURT RIVEN
P.0. 80X 103 OOWNTOWN STAYION
OMAHA, NEBRASKA 68101
ATTHN MADEC-MCe F L HAILETT,
SPEC PROJ CUORDINATOR

CCHHANDER
ARMY NUCLEAR ¢ CHEMICAL SURETY GROUP
FERT BELYOIR. VEIRGINIA 22060

ATTN FDSG-NOs BLDG 2073, NORTH AREA

CCMMANDER
US ARMY SECURITY AGENCY
ARLINGTON HALL STATION
ARLINGTON, VA 22212

ATTH 1ARD-EL

ATTN SPECIAL PROJECTS ELEMERT

CLHHANDOER
USA STRATEGIC COMMUNICATIONS COMMAND
FORYT HUACHUCA, ARIIONA BS6L13

ATIN SCCX~-554-00

ATTN SCLX-SSAs COL H & STIRLING

CCHMANDER
USA COMMAND ¢ GENERAL STAFF COLLEGE
FCRT LEAVENWORTH, XANSAS 66027
ATTN ATSCS-SE-L
'

CCMHANDER

USA FTZLD ARTILLERY SCHOOL

FORT S$T.L, OKLAHOMA T3503
ATTH ATSEA=-CA-NW
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CHIEF OF NAVAL OPERATIONS

NAVY DEPARTMENT

WASHIRGTON, D+l 20350
ATTN NOP~-985F2, LOR S.l. STOCKING
ATIN NOP=932
ATIN NDP=03EG

CHIEF OF NAVAL RESEARCH
DEPARTMENT OF THE NAYY
ARLINGTON, VIRGINIA 22217
ATTN ONR=-427
ATTN ONR=-4318, G.R, JDINER

CCMMANDER
NAVAL AIR SYSTEMS COMMAND, HQ
1411 JCFFERSON DAVIS HIGHWAY
ARLING.ON, VIRGINIA 20360
ATTH LCOR  HUGO HARDY AIR=350~F

CCHMANOING OFFICER
NAVAL AMMUNITION DEPOY
CRANE, INDIANA 47522
ATTN CODE 7024, JAMES L. RANSEY

CCHMANDING QFFICER

NAVAL CIVIL ENGINEERING LABORATORY

PCRT KUENEME, CALIFORNIA 93043
ATTN CODE L31

CCHMMANCER

NAVAL COMMUNICATIONS COMMAND HQ

4401 HASSACHUSETTS AVE, N.W.

WASHINGTONs D.C. 20390 ‘
ATIN N-7, LCDR HALL

COMMANDER
NAVAL ELECTRONICS SYSTEMS COMMAND, MO
2511 FFFERSON DAVIS HIGHWAY
ARLINGTON, VIRGINIA 20360

ATTN NELEX-05123

ATTN NELEX-5124y BERT FOX

ATTN NELEX~D518

CCMHMANDER
KAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO, CALIFORNIA 92152
ATIN TECHNICAL LIBRARY
ATTH CODE 3100, E.E. MC COWN
ATTH CODE 3200, H.F. WONG

CCHMANDER
NAVAL INTELLIGENCE SUPPQRT CENTER
4301 SUITLAND ROAD
WASHINGTONy D £ 20390
ATTH DR P ALEXANDER
ATTY NISC=41

CCMMANLER
NAVAL ORDNANCE LABORATORY
WHITE 04K, MARYLAND 20910
ATTN CODE 121, NUCLEAR PROGRAM OFC
ATTN COUE 244, EXPLOSIONS EFFECTIVENESS
DIvISION
ATFN CODE 730, LIBRARY DIVISION
ATTN COUE 4231, NORMAN TASLITT
ATTN DR K C PETREE
ATTN R A SHITH
ATTN E R RATHBUN

CCMMANDER
NAVAL ORDNANCE SYSTEMS COMMAND: HQ
2521 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VIRGINIA 20360

ATTN NORO-0523, R. LANE
SUPERI~S ENDENT
NAVAL +OSTGRADUATE SCHOOL
MCNTEREY, CALIFORNIA 93940

ATYN COUE 2124+ LIBRARY

DIRECTOR

NAVAL RESEARCH LABORATORY

WASHINGTON, D, C. 20340
ATTN CODE 4004, £, Lo BRANCATO
ATIN CODE 6465, DR. RICHARD L. STATLER
ATTN CQOE 7001y 4.0, BROWN

CCMMANDING OFFICER
NAVAL SCIENTIFEC AND TECHNICAL
INTELLIGENCE CENTER
4301 SUITLAND ROADs, BLOG 5
WASHINGTON, D.C. 20390

ATTN DOCUMENT CONTROL

CCMMANDER

NAVAL V1P ENGINEERING CENTER

3700 E~ST=-wEST HIGHWAY

PRINCE GEORGES PLAZA

HYATYSVILLE, MARYLAYD 20782
ATIN NSEC-6174D2, EOWARD F DUFFY
ATTN NSEL~8C15C, EOWARD BERKOWITZ

CCMMANDER

NAVAL SH]IP SYSTEMS COMMAND, HQ
2531 JEFFEMSON DAVIS HIGHWAY
WASHINGTDON, Defe 20360

CCMMANDER

NAVAL UNDERSEA CENTFER

SAN DIEGD, CALIFORNIA 92132
ATTN CODE 608y C F RAMSTEOT

¢ LOPIES

ot

CCMMANDER
NAVAL WEAPONS CENTER
CHINA L AXKE, CALIFORNIA 93555
ATT.. CODE 753, LIBRARY DIVISIDN

NAVAL WEAPUNS ENGINEERING SUPPT ACTVY
WASHINGTON NAVY YARD
WASHINGTON, DL 202390

ATTN Es Sy Ay T0

CCMMANDING OFFICER
NAVAL WEAPONS EVALUATION FACILITY
KIATLAND ARB, NEwW MEXICO 87117
ATTN CODE WEr» MRe STANLEY
ATTN L OLIVER

CCMMANDER

NAVAL WEAPONS LASORATORY

DAHLGREN: YIRGINIA 22448
ATTN WILLIAM H. HOLT

CCMMANDING DFFICER
NAVAL rSAPONS STATION
CCNCORC, CALIFCANIA 94520
ATTN QUAL EVAL LAS, COOE 33120,
OR, ROBERT WAGNER

CCMMANDER
NAVY ASTRONAUTICS GROUP

POINT MUGU, CALIFORNIA 93042
ATTR WILLIAM GLEESON

CCMMANDING OFFICER

NAVY SPACE SYSTEM ACTIVITY

80X 92960

WORLOWAYS POSTAL CENTER

LCS ANGELES CALIF 90009
ATTN DR € E MUEMLNER

CCMMANDER
NUCLEAR WEAPONS TRAINING C¥R, PACIFIC
NAVAL AIR STATION, NORTH ISLAND
SAN DIT30, CALIFORNIA 92135
ATY. CODE S2

CCMMANDER

NUCLEAR WPNS TRAINING GROUND.

NCRFOLK, YIRGINIA 23511
ATTN DOCUMENT CONTROL

DIRECTOR

STRATEGIC SYSTEMS PRDJECTS OFFICE

NAYY DEPARTHENT

WASHINGTON, DJC, 20390
ATTN NSP=431, TECHNICAL LIBRARY
ATTN NSP~230, DAVID GOLD
ATTN NSP=2342y R.L. COLEMAN
ATTN NSP=2701, JOHN W, PITSENBERGER
ATIN NSP-273, PHIL SPECTOR
ATTN NSP-2701, CDR L STOESSL

ATLANTIC

COMMANT SR~IN=CHIEF

US ATLANTIC FLEET

NCRFOLR, VIRGINIA 23%1)
ATTY DOCUMENT CONTROL

CCPMANDER~IN=CHIEF
US PACIFIC FLEET
FPO SAN FRANCISCO 96410
ATTN DOCUMENT CONTRQOL{303)

CHIEF OF STAFF
US AIR FORCE, HQ
WASHINGTUN, D.C. 20330
ATTN RDQPN
{S/v + NUCLEAR PROGRAMS DIV,.}

ATTN PRCCSy LTC  WOODRUFF
ATTH RDPS, MR PORTLR
ATIN 1GS5PB, £D CALVERY

CCMMANLER

AEROSPaLE DEFENSE COMMAND

ENT AFB, COLORADC 80912
ATIN XPDwW, ADVANCED PLANKING OlV,
ATIN DEEDS, 4 C. BRANNAN

CCMMANDER

AIR UNIVERSITY

MAXWELL AFB, ALABANA 36112
ATIN AUL/LSE-T0-230

CLHMANDER
HC AIR FORCE SYSTEMS COMMAND
ANDREWS AFH
WASHINGYUN, D.C. 20331
ATTN DLSP (GENERAL PHYSICS)

CCMHANDER

AF AERO PRUPULSION LABORATORY, AFSC

WRIGHT=PATTERSON AFB, DHID 45433
ATT¥ P E  STOVER

COMMANTER
AEROSPALE RESEARCH LABCKATORIES, AFSC
WRIGHT PATTERSON AFB, UMID 435433
ATTN Ca
ATTN LSy DONALD C REYNOLOS
CCMMANDER
AF AVIONICS LABORATORY, AFSC
WRIGHI-PATTERSON AFB, OHIO 43433
ATTN AAA, AVIONICS SYNTHESIS ¢ ANAL BR
ATTN NVS, EUGENE C. MAUPIN
ATTN NVYS, R CONKLIN
ATTN TEA, DR HANS HENNECKE
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CCMMANDER
AF WEAPONS LABORATORY, AESC
KIRTLAND AFSB, KEW MEXICO 8TLLT
ATTN ELTe MAJ WALKER
ATTH SkA
ATTH SAS
ATTH SAY
ATTN ELe CAPT CARL QAvIS
ATTH ELe J DARR
ATIN ELEZENS Bll CH
ATTN DOUL, TECHHICAL LIBKARY
ATTH ELE DR CARL SAUM

KMANOER
igKE ALR DEVELOPMENT CENTER. AFSC
GRIFFISS AFB, NEW YORK L34AC
ATTH RCRE, J.5. SMITH
ATTH TSGC
ATTE RCAM, CAPT R BELLEM

COMMANDER

ARMAMENT DEVELOPMENT AND TEST CENTER

EGLIN AIR FORCE BASE. FLh. 32542
ATTN ADTCCOLOSLYs TECH LIBRARY

CCMMARQER

AEADNAUT [CAL SYSTENS DIVISION. AFSC

KRIGHT-PATIERSON AFBe ONIO 45433
ATTH ASQ/YH~EXs CAPT BRANHAK
ATTN ASD/ENVCBy ROBERT Le FISH
ATTN ASO/ENVED

COMMANDER
JELECTRONIC SYSTEMS DUIVISION, AFSC
La Go HANSLOM FIELD
BEDFORD, MASSACHUSETTS 01730
MCAE LTC DAVID SPARKS
ATTH XREs SURVIVASILLITY
ATT~ LCO
ATT YWES
ATIN DCXKE
ATTN XRP/ HAJ GINGRICH
ATTH IN
ATIN OCD
ATTN HMCL

CCMMANGER
FCREIGN TECHNOLOGY DIVISIONs AFSC
WAIGHT=PATTERSON AFB: OHIO 45433
ATTH POTN,  BALLARD
ATTN FYDAPOIC

CUMMANDER
HG SPACE AND MISSILE SYSTEMS ORGANIZATION
PO 96960 WORLDWAYS POSTAL CENTER
LOS ANGELESs CALIFORNIA 90009
ATTH RSS SYSTEM ENGINEERING
ATTH SKO
ATT. SKE, OIR OF ERGR GP 1
ATTN SKT
ATTN INUs | J° JuDY
ATTH XRTy STRATEGIC SYSIEMS DIV
ATTN SYJe AERQOSPACE DEFENSE PROG OFC
ATIW SIH, CAPT MARION F SCHNEIDER
ATTH STJs CAPT E.T. DEJONCKHEERE, JRa
ATTN CCOs CAPT A. HENDERE JRe
ATTN DYS  MAJ HEILMAN
ATTH RSP SYSTEM DEFNe ASSESSMENT
LTIC GILBERT
ATTN OY¥Je CAPT RASHUSSEN
ATTN RRFe MAJ LOX

SPACE + MISSILE SYSTENS QRGANIZATION
NCRTON &F8. CALIFORNIA 32409

AYTN SYGN, CAPT STRUBEL

ATIN RSTA, € A MERRITY

AF INSTTUTE OF TECHNOLOGY. AU
WRIGHT- PATTERSON AFB, UHID 45433
ATTN AFLITIENP),
ORe CHARLES Jo BRIDGNANe

HEADQUARTERS
ATRFORCE TECHNICAL APPLICATIONS CENTER
PATRICK AFBs FLORIDA 32925

ATIN TD-S58

ATTN TO-3

COMMANDER

SYRATEGIC AIR COMMAND

QFFUTT AFBe NEBRASKA 63113
ATTN NRIZSTINFO L18R84RY
ATTN NRW

US ATOMIC ENERGY COMMISSION
WASHINGTONy Q¢ Co 20545
ATTN DIVISIGN OF HQ SERVICES
LIURARY BRANCHy RALPH SHULL, ONA
ATT.. DMi, DOCUMEWRT CONTROL FOR
ReD BRANCH
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US ATOMIC ENERGY COMM{SSION

ALBUQUERGUE QPERATIONS GFFICE

P.0. BOX 5&00

ALBUQUERQUE » NEW MEXICO 87115
ATTN OOCUMENRT CONTROL

ACMINISTRATOR
OEFENSE ELECTRIC POWER ADMINISTRATION
QEPT OF INTERIDR
NASHINGTUN QC 20204
ATTR LRVING I RAINES ROQM 5600

DEPARTMENT OF COMMERCE
NAT[ONAL BUREAS OF STANDARDS
WASHINIGTONy 0. C. 20234

ATTY ELECYROK DEV SECT- JoCe FRENCH

NATIQNAL ACADEMY QF SCIENCES
2101 CONSTITUTION AVE K
WASHINGTON OC ZOAI&
ATTN OR & S SHAN
NAT TOKAL KLTER[ALS ADVISORY BOARD

NASA HEADQUARTERS
WASHINGTONe Da €. 20546
ATTH CODE REE. GUIDANCE, CONYROL
AND INFORMATION SYSTEMS

ANMS CONTROL AND OISARMANENY AGERCY
REFERENCE INFGRMATION CEMTER
OEPARTHENT OF STATE
2201 £ STREET, H.W.
WASHINGTON, DC 20451 |

ATTH CRSC/L  AUCKEY € EDMCHOS

FEDERAL AVIATION ADHMINISTAATION
DEPARTMENT OF TRANSFORTATION
800 INDEPENDENCE AVERUE, S.M.
WASHIRGTONy DJCe 20590

ATTH F S SAXATE, RO &30

(UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LASORATORY
TECHNICAL INFORMATION DIVISION
P. 0. BOX 808
LIVERMIREs CALIFCRMIA 34351
ATIN L-48, DR. LOUIS F. NOUTERS
ATEN L~3, TECHNICAL [NFO DEPY
ATEN L~31, WILLIAM J, HOGAN
ATTH L=24, HANS KRUGER
ATTN L-24, OR. DAVID OAKLEY
ATTH L=156s L L CLELAND
AFTR L-T1, DR. W. GRAYSON
ATTH L-1%6¢ E K MILLER

URIVEFCUTY OF CALIFORNIA
LAWREN"E RADIATION LABORATORY
LISRARYs BUILOING 50, RHM 134
BERKLEY, CALIFOAKNIA 94730

ATYN PROF KENNETH M. WATSON

UNIVERSITY OF CALIFORNIA
ATTN OOCUMENT CONTROL
LCS ALAKOS SCIENTIFIC LASORATORY
f.0, 80K 1663
LECS ALAMOS: NEW MEXICD ET544
ATTN GMX-T, TERRY R. GISBS
ATTN DR. JOHK Sa MALIK
ATTN J-DQT FOR DR RALPH PARTRIUGE
ATTN R.F. TASCHEK
ATTN 3 ARTHUR FREEL

UNIVERSITY OF DENVER

COLQRADY SEMINARY

DENVER IESEARCH INSTITUTE
ATTh SECURLITY OFFICER

P.0. BOX 10127

DENVER. COLORADO 80210
AYTN FREG P VENOITTI
ATTN Rana BUCHANEN

GEORGIA INSTITUTE OF TECHNOLOGY
OFFICE QF RESEAACK ADMINISTRATION
ATLANTA, GEORGIA 30332

ATTR RES ¢ SFC COURD FQR H DENKY

TIT RESEARCH INSTITUTE

L0 WEST 235TH STREET

CHICAGD, ILLINDIS 60616
ATTHN Jof. BRIDGESs ENGR ADVISOR
ATTN Sedo KRSTANSKY: ASST OIR OF RSCH
ATTN [ H. MINCEL

IIT RESCARCH INSTITUTE .
ELECTRCHAGNETIC COMPATARILITY ANALYSIS
CENTER
NCRTH SEVERN~ECAC 8LODG.
ANKAPOL IS, MARYLAND 21402

ATTH ACOAT

HIT LINCOLN LABORAYGRY

P.3, BOX T3 / 244 WOOO STREET

LEXINGTONy MASSACHUSETTS 02173
ATTN ALAH G. STANLEY

CeS. DRAPER LABORATORY DIVISION QF
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
224 ALBANY STREET
CAMBRIDGE MASSACHUSETTS 02139

ATTN KENNETH FERTIGs MS-~AT
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TEXAS TECH UNIVERSITY
P ) BOX 56404 NURTH COLLEGE STYA
LUBBOCK, TEXAS 79409

ATTY TRAVIS L SIMPSON

AEROJET ELECTRO-SYSTEMS CO. DIV,
AEROJET=GENERAL CORPORATION
P.0. BUX 296
A2USA, CALIFORNIA 91702
ATIN T.U. HANSCOME, 61817170
ATTN R,Y. KAKUDA, B-194/D-6121

AEROJET ENERGY CONYERSION COMPANY
AEROJET LIUUID ROCKET CONPANY
P.0. BOx 13222
SACRAMENTO, CALIFORNIA 95813

ATTN DEPT 8130

AERQUET ENLRGY CONVERSION COMPANY
AERDJET NUCLEAR SYSTEMS COMPANY
P.0. BUX 13070
SACRAMINTO, CALIFDRNIA 95813
ATT, TECH LB, OEPT N4264, BLDG 201941

AEROSPALE CORPORATION
P D BOX 92957
LCS ANGELES, CALIFORNIA 90009
ATTN FRANCIS KAt
ATTH DIR, OFF OF TECM SURVIV
Ve JOSEPHSON
ATTN DIR, SAT SYS DIV, GP Il, V, WALL
ATIN DIR, SAT SYS DIV, GPIV, F, KELLER
ATTN LIBRARY ACQUISITION GROUP
ATTN WPNS EFF DEPT DR J REINHEIMER
ATTN NUCLEAR + ENVIRONMENTAL STAFF
N D STOCKWELL
ATTN DR JERRY COMISAR
ATTN DIRy HARDENED REENTRY SYSTEMS,
R. MORTENSEN
ATTN J BENVENISTE

AMERIC/ M NUCLEONICS CORP,
ATTH SECURITY OFFICER

6036 YARIEL AV,

WOODLAND HILLS, CALIFORNIA 91354
ATTN OR R N GHOSE

ARINC RESEARCH CORPORATION
WESTERN DIVISION

1222 € NORHANDY PLACE
P.0. 80X 1375
SANTA ANA, CALIFDRNIA 92702
ATTN DEP MGR ENG J M ALDERMAN

ART RESEARCH CORPORATION

1100 GLENDON AVENUE

LOS ANGELES, CA. 90024
ATTN ARTHUR SANDERS
ATTN T. JORDANR

ASTRONAUTICS CORP OF AMERICA

907 SJTH FIRST ST

MILWAUREE WISCONSIN 53204
ATTN T KERN

AVCD SYSTEMS DIVISION
201 LOWELL STREET
WILMINGTON, MASSACHUSETTS 01887
ATTN RESEARCH LIBRARY A220, RN 2201

AVCO CORPORATION

ELECTRONICS DIVISION

2630 GLENDALE-MILFORD ROAD

CINCINNATI, OHIO 45241
ATTR RON GOLDFARB

AYCO=EVIRETT RESEARCH LABDRATORY
2385 REVERE BEACH PARKWAY
EVERETT MASS 02149

ATTV LORAIN NAZZARO

BATTELLS MEMORIAL INSTITUTE
505 KING AVENUE
CCLUMBUS, UHID 43201

ATTN R.K. THATCHER

ATTN STUIAC

BEECH AIRCRAFT CORPORATION
8709 EAST CENTRAL AVENUE
WICHITA, KANSAS 67201

ATTN EDwARD L. RADELL

BELL AEROSPACE COMPANY
DIVISION OF TEXTRON, INC,
Ps0. BOK 1
BUFFALU, NEW YORK 14240
ATTN #5 F=1ly, MARTIN A. HENRY
ATTN CARL 8 SCHICH, WPNS EFFECTS 6P

BELL T..EPHONE LABORATURIES, INC.
MOUNT A1 % AVENUE
MURRAY HILL, NEW JERSEY 07974
ATIN tt. JARRELL, RM WH-2f~153
ATTR 1.G. DURAND
ATTN ReD, TAFT, RM 28-181
ATTN A M CARIER, WH=4522
ATTN H J BETZEL
ATTN FRANK P 2UPA

BELL TELEPHONE LABORATORIES, INC
INTERSTATE 85 AT
KT, KOPE CHURCH RDAD
P.0o BOK 21447
GREENSBORO, NORTH CARDLINA 27420
ATTN CHARLES €. BDYLE
ATIN JAMES F, SWEENEY

BENDIX CORFORATION, THE

AEROSPACE SYSTEMS DIVISION

3300 PLYMOUTH ROAD

ANN Af3 )Ry PICHIGAN 48107
ATT" MR. RUNALD H. PIZAREK

BENDIX LORPORATION, THE
ATIN DOCLUMENT CONTROL
CCHMUNICATION DIVISION
JCPPA ROAD, TYDWSON
BALTIMDREes MARYLAND 21204
ATTN DOCUMENT CONTROL

BENDIX CORPORATION
RESEARCH LABORATORIES DIVISION
BENDIX CENTER
SCUTHFIELD, MICHIGAN 48075
ATTN MANAGER, PROGRAM DEVELOPMERT,
MR. DONALD J. NIEMAUS

BENDIX CORPORATION, THE
NAVIGATIUN AND CONTROL DIVISION
TETERDI™O, NEW JERSEY 07608

ATT., E,Es LADEMANN

ATIN To LAVIN, DEPT 7111

ATYN CHIEF LIBRARTAN, LYDIA FARRELL

BOEING COMPANY, THE
P O BOX 3999 .
SEATTLE, WASHINGTUN 98124

ATTR D L DOYE, 2-6005, 45-21

BOEING COMPANY, THE

P.0. BOX 3707

SEATTLE, WASHINGTON 90124
ATTN R.5. CALOWELLe MS 2R=Q0
ATTN HeWo WICKLEINs M$S LF=-51
ATTN AJR. LOWREY, MS 2R=00
ATTN AEROSPACE LIBRARY
ATTN B L CARLSON MS 4240

8002~-A' LEN APPLIED RESEARCH, INC

106 APFLE STREET

HEW SHREWSBURY, NEW JERSEY 07724
ATYN FREDERICK NEWTON

BRADDOCK s LUNN ¢ MC DONALD, INC.
P O 80X 8885 STATION C
ALBUQUERQUE, NEW MEXICO 87108

ATTN ROBERT 8. SUCHANAN

BRADDOCK, DUNN + MC DONALD, INC,
"8027 LEESBURG PIKE
MC LEAN, VIRGINIA 22101

ATTN J.¥. BRADDOCK

ATTIN J 3  KALINOWSK]

BROWN ENGINEERING COMPANY, INC.
RESEARCH PARK
HUNTSVILLE, ALABAMA 35307

ATTN D. LAMGLERT, MS§ 126

CALSPAN CORPORATION
P O Bux 235
BUFFALU, NEW YORK 14221

ATTN R H DICKHAUT, BLDG 10, §M 341,

CHRYSLER CORPORATION
DEFENSE DIVISION
PO BOX 757
DETROIT, MICHIGAN 48231
ATIN R.F, GENTILE, CIMS 435-01-21

COLLINS RADIQ COMPANY
5225 C AVENUE, N. E.
CEDAR RAPIDS, 10WA 52406
ATTN Eobe ELLTSUN, LIBRARIAN

CCMPUTER SCIENCES CORPORATION

P 0 BOXx 530

FALLS CHURCH, VIRGINIA 22046
ATT.. JOHN D ILLGEN

CUTLER HAMMER, INC.
AfL DIVISION
CCMAC ROAD
DEER PARK, NEW YDORK 11729
ATTN CENTRAL TECHNICAL FILES,
ANNE ANTHONY
ATTN RICHARD & HOHKR

DIKEWOOD CORPORATION, THME
1009 BRADBJURY DRIVE, S.E.
UNIVERSITY RESEARCH PARK
ALBUQUERQUE, NEW MEXICO 87106
ATTN LLUYD WAYNE DAVIS

E-SYSTEMS INC

GREENVILLE DIVISION

MAJOR STELD

PO BT 1056

GREENVILLE, TEXAS 75401
ATTN LIBRARY
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EFFECTS TECHNOLOGY, INC. GENERAL HOTORS CORPORATION

5383 HOLISTER AVENUE DELCO “LECTRONICS QIVISION :
SANTA BARBARA, CALIFORANIA 93108 71989 SLJITH HOwELL AVENUE J
ATTN (OndRD JOKN SIEELE 0ax CREEKs WISCUNSIN 53201 A
ATTN TECHNICAL LIBRARY 2407,
EG+Gy INC €. KRUEGER
SAN RAMON QPERATIONS
P.0. BOX 204 GENEREL RESEARCH CURPORATION
SAN RAMON, CALTFORNIA 34583 PeQ. 8UX 3987
ATTN BUANELL G. WEST SANTA BARBARA, CALIFORNIA 93165
ATTN TECH INFQ OFFICE FOR R.O HILL
EGHGy INC.
P.0e BOX 4339 GERERAL RESEARCH CORPORATION
ALBUQUERQUE, NEW MEXICG 87106 1501 WILSON BLYD.
ATTN wEYLAND O. GEORGE ARLINGTONe VIRGINIA 22209
ATTN HILOA HOEFHAN ATTN OR WILL AM JOHNSON
GOODYE&R KERQSPACE CORPORATION
EMERSO. ELECTRIC COMPANY AR]ZONA OIVISICON
8100 FLURISSANT LIFCHFLELD PARK, ARJZUMA 85340
ST LOUEIS, MISSQURI 61138 ATEN B MANNING

ATTN OOCUMENT CONTRJOL
GRUMME ¢ AEROSPACE CORPURATION
]

ENERGY CONVERSION DEVICES, [NC. SCUTH LYSTER BAY ROA
1675 WEST MAPLE ROAD BETHPALE: 4EW YORK L1714
TAOY, MICHIGAN 4BO84 ATTY Jo ROGERSy PLANT 354 DEPT 5133

ATTN LIONEL ROHBINS
GTE SYLvANIA, [NC.

FAIRCHILD [NDUSTRIES 77 A STREET
SHERMAN FALRCHILD TECHNOLOGY CENTER NEEDHAM, HASSACHUSETTS 021%4
FAJRCHILD DRIVE ATTH LIBe C. THORRHILL
GERMANT Jwhy MARYLAND 20767 ATTN ELECTY §YS GP S§/V ENG DEPT
ATTN LEINARD J. SCHRE[OER 4 & WALORON
ATTN 4 H TERRELL
FAIRCHILO CAMERA + INSTRUMENT CORP ATTN ELECT SYST DIVe L L BLAISOELYL
464 ELLIS STREEY
HOUNTATSY VIEW CALIFORNIA 94040 GTE SYLVANTAe INC.
ATT. SECURITY DEPT FOR 30-204 COMHUNILATIONS SYSTEMS OIVISION
GAY LD K HYERS 169 8 STREET
NEEDMAM, RASSACHUSETFS 02194
GARARETT CORPORATIONe THE ATTN S/V ENG. DEPT. Joh. WALDRON
9851 SEPULVEDA BLVD ATTM ASM OEPY E P MOTCHOK
LOS ANGELESs CA 90009 ATT.. ASH DEPT DR J H TEARELL
ATTN ROLERT WEIRs DEFT 93-9 ATIN ASH DEPT S A FIERSTON
GENERAL DYNANICS. CORPORATION
CCNYAIR AEROSPACE DIVISION HAZELTINE CORPOAATION
SAN DIEGQO OPERATIONS PULASKL AQAD
P.0. BOX 1950 GREEN LAWK NEW YORK 11740
SAN DIEGOs CALIFOANTA 92112 ATTN J 8 COLOMBO

ATTN ¥ J  SWEENEY, INTEROIV AESEARCH
HMERCULES INCORPORATEQ

GENERAL ELECTAIC COMPANY BACCHUS PLANT
APOLLO + GROUND SYSTENS. HOUSTOR PG BOX 98
1830 NASA BOULEVARD MAGNA UTAH 84044
P.0. BIY 58408 ATTH 100K-26~W A WIQDRUFF
HOUSTOws TEXAS 77058
ATTN HeEe SHARP HONEYWELL, [NC.
AERONAUTICAL DIVISION
GENERAL ELECTRIC COMPANY 2600 RIDGWAY ROAD
.0, BOX 1122 MINNEASNLIS: MINNESOTA S$5413
SYRACUSE, NEW YORK 13201 ATTE RONALD R. JOHNSON, 41391
ATTN HHESs BLOG Lo RN 4y ATTE LIBRARY v BARTLETT K3579

JoR. GREENSAUM
HONEYWELL INCORPORATED
ATTN CSP 6~Tr L.H. DEE KEROSPACE DIVISION
13350 U.S. HIGHWAY 1@
ST. PETERSBURGs FLORIDA 33733
A L O A AR THENT ATTN MR, HARRISUN M. NOBLE,
A g TCTRONICS DEPARTHE STAFF ENGINEER, MS 725-SA
UTICAs VEW YORK 13502 ATTH ADVANCED DEVELOPMENT,
ATTN Wede PATTERSON, DROP 233 JAMES O ALLEN 724-3
ATTN MAIL STA 624 FRED NICOTERA ATTH MS 7255, R.C. SCHRADER

A 4P ANY HKONEYWELLs INC.
gfgfﬂﬁ,&)(s;gggktc e RADIATION CENTER
BINGHAMIQONy NEW YORK 13902 2 FQRBES ROAD

LEXINGTON, MASSACHUSETTS Q2173

. ALTER, M o
ATTE B.H. SHUWALTERs MD 18 AFTN TECHNICAL LIBRARY

GENERAL ELECTRIC COMPANY

RONANCE SYSTEHS HUGHES ATRCRAFT CORPARY
ag PLasTIcs svenue CENTINELA AVENUE #ND TEALE STREET
PITTSFIELD, MASSACHUSETTS 01201 CULVER 1T¥, CALLEGRNIA 50230

ATTIN DAVID CORMAN, HN 2276 h Ne

TIN OAVIO CORMANS MN 22 OR. OAN BINDER {H.S. D147
GENERAL ELECTRIC COMPANY ATTN HS 67E110 BuW. CAMPBELL
106 WOODLARN AVE
PITTSFIELD, HASSACHUSETTS 01201 HUGHES AIRCRAFT COMPANY

ATTH FRANK F[SHER, BLDG 9-209 GRCUND SYSTEMS GROUS

1901 WEST MALVERS AVENUE

GENERAL ELECTRIC COMPANY FULLERTON, CALIFGRNIA 92636
RE ENTRY + ENVIRONMENTAL SYSTENS DIVISLON ATTN TECHNICAL LIBRARY BLDG 600 MS§-C-22

# 0 BOx 7722
PHILADELPHIA, PENNSYLVANIA 19101

ATTN ROHERT V. BENEDICY IKSTITUTE FOR OEFENSE ANALYSES
400 ARMY=NAVY OR{VE
GENERAL ELECTRIC CUMPANY ARLIRGTONe VIRGINIA 22202
SPACE LIVISION ATTN CLASSIFIED LIBRARY
VALLEY rORGE SPACE CENTER
#.C. BOX 8555 INTELCOM/RAO TECH
PHILADELPHIA, PENNSYLVANIA 19101 P 0 80% s0al?
ATTN JOSEPH C. PEDEN, CCF 830F SAN DIF0r CALIFORNIA 32138
ATTN RADIATION EFFECTS LAB. ATTi: DR ¥ A g  WAN LINT
Jolo ANOREWS ATTN R L MERTZ
ATTH LIBRARIAN, Lalo CHASEN ATTN JAMES A NABER
ATTN DANEEL EDELMAN ATTN LEOQ O COTTER
ATEN JoP. SPRATT, AM 9421 ATTN TERRY M FLANIGAN

GENERAL ELECTRIC COMPANY

TEMPO-CENTER FOR ADVANCED STUDIES

816 STATE STREET

SANTA BARBARAy CALIFORNIA 93102
ATTH DASEAC
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INTERNAT IONAL BUSINESS MACHINES CORP.
ROUTE 17¢C
OWEGO,. NEW YORK 12827
ATTN Do+ SULLIVAN, DEPT M40, 102-1
ATTN FRANK FRANKDYSKY

INTERNATIONAL YELEPHONE AND TELEGRAPH .
CORPORAT ION
452 RIVER RDAD
HUTLEY, NEw JERSEY 07110
ATTN DEFENSE=-SPACE GROUP, S$MTS,
FRANK JOHNSDN
ATT' ALLXANDER L. RICHARDSON

RAMAN 5L TENCES CORPQORATION

KAMAN NUCLEAR DIVISION

1700 GARDEN OF THE GODS RDAD

COLORADD SPRINGS, COLDRADD 80907
ATTI DR. ALHERT P. BRIDGES
ATTN UR, FRANK H. SHELTUN
ATTH JuRs HUFFHAN
ATTN N-=GAMMA L AB, DON BRYCE

LOCKHEED MISSILES AND SPACE COMPANY
3251 MANOVER STREET
PALO ALTOr CALIFORNIA 94304
ATTN DR. CLARENCE F. KOOI,
DEPT, 52-11, BLDG. 204
ATTN DR LLOYD CHASE
ATTN DR K waLT, DEPT 52~1C, BLDG 201
AYTN OR § € SINGER, DEPI 52-20, 8LDG 20

LOCKHEED MISSILES AND SPACE COMPANY
OIVISIfy OF LOCKHEED AIRCRAFT CORP.
P.0, B x 504
SUNNYVALE, CALIFORRIA 94088
ATTN He SCHNEEMAN, B1-62
ATIN H365, DEPT 81-23, BLDG 154
ATTN L # HEARNE, D/8l-14
ATTN ReNo MUNSONs OEPT 81-01, BLDG 154
ATTN W. KOZUMPLIK, TECHNICAL
INEORMATION CENTER, BLOG 201
ATTN G F HEATH D/81-16 8/154
ATTN DEPT 85-85, BLDG 154
A L FELLER
ATIN L J ROSS] 0/81-62 8/150
ATTN KEVIN ML CARTHY

LTV AFRO SPACE CDRPORATION
VCUGHT MISSILES + SPACE COMPANY
TEXAS OIVISION
P.0. BOX 6267
DALLAS, TEXAS 75222

ATT., TECHNICAL DATA CENTER

HARTIN MARIETTA CORPORATION

DENVER DIVISION

P.0. BOX 179

DENVER. COLORADO 80201
ATTN 6617 RESEARCH LIBRARY J R MC KEE
ATTN SPECIAL PROJECTS MAIL 0130

MARTIN MARIETTA CORPQRATION
ORLANDO DIVISION
P.0O. 80x 5837
DRLANDU, FLORIDA 32805
ATTN WeWs MRAS, MP=413
ATTN ENG LIBRARY, M.C. GRIFFITH, MP=30

MCOONNELL DOUGLAS CORPURATION
§301 BOLSA AVENUE -
HUNTINGTON BEACH, CALIFORNIA 92647
ATT! N L ANDRADE, MS 17
BBOO ADY ELECT/R4D

HMCDONNELL DOUGLAS CORPURATION

£.0. 80X 516

ST, LOUIS, MISSOQURI 63166
ATTN UR TOM-ENDER, DEPT 313, BLDG 33
ATTN LILRARY

MISSION RESEARCH CORPORATION

1 PRESIDIO AVENUE

SANTA BARBARA, CALIFQRNIA 93101
ATTN C.L. LONGMIRE
ATTN WILLIAM HART

MISSION RESEARCH CORP
PO 80X 1886
ALBEQUERQUE NEwW MEXICO 87103
ATIN DAVID £ MEREWETHER
ATTN JAMES LONERGAN

MITRE LDRPORATION,s THE
RCUTE 62 AND MIDDLESEX TURNPIKE
P.0. 80X 208
BEDFORD, MASSACHUSETTS 01730
ATYN LIBRARY
ATYN M.E. FITZGERALD
ATTN THEODORE JARVIS

MCTOROLA, INC,
GCYERNMENT ELECTRONICS OIVISION
8201 EAST ML ONWELL ROAD
SCOTTSDALE, ARI2ZONA 85252
ATTN PHILLIP L. CLAR
ATTN TECH INFO CENTER-A J KDRDALEWSKI

NORTH AMERICAN ROCKWELL CORPORATION
3370 MIRALUMA AVENUE
ANAHEIM, CALIFORN1A 92803
ATTH MINUTEMAN OFCo CA 1074 D C BAUSCH
ATT.. Jo BELL
ATTN G. MESSENGER
ATTN G MORGAN
ATTN J S MATYLCH FATO
ATTN N B AYRES
ATTN 3 SPETZ

NORTH AMERICAN AVIATIOM-COLUMBUS
NORTH AMERICAN RDCKWELL CORPORATION
4300 EAST FIFTH AVENUE
CCLUMBYS, OHIO 43216
ATIN ENGINEERING DATA SERVICES,
Jo ROBERTS

NORTH AMERICAN ROCKNELL CORPORATION
LOS ANGELES DIVISION
5601 WEST IMPERIAL HIGHWAY
LOS ANGELES, CALIFORNIA 90009
ATT! OONALD J STEVENS EMI/EMPeRCS
AVIONICS DESIGN
ATTN TIC BAOB :

NORTH AMERICAN ROCKWELL CORPORATION
SPACE DIVISION
12214 LAXERDND SNULEVAKD
OCWNEYy CALIFORNIA 90241
ATTN TIC DEPT 094-AJ01

NORTHROP CORPORATION
NCRTHROP CORPORATE LABORATORIES
3401 WEST BROADWAY
HAWTHORNE, CALIFORNIA 90250
ATIN DIR+y SOLID STATE ELECTRONICS,
ORe ORLIE Lo CURTIS, JR.
ATTN MR, JAMES P. RAYMOND
ATTN LIDRARY

NCRTHRUP CURPORATION
ELECTRONIC OIVISION
2301 WEJT 120-TH STREET
HARTHO"NE,) CALIFORNIA 90250
ATTN BOYCE T. AHLPORT
ATTN Tolléy V R DE MARTINOD

PALISADES INSTITUTE FOR

RESEARCH SERVICESs INC,

201 VARICK STREET

NEW YORK, NEW YORK 100F4
ATTN RECORDS SUPERVISOR

PHILCO-FORD CORPORATION
AEROSPACE + DEFENSE SYSTEMS OPNS
AERONUTRONIC DIVISION
FORD AND JAMBOREE RDADS
NEWPORT BEACH, CALIFORNIA 92663
ATTN DR, L. H, LINDER
ATTN E R PUNCELET JR
ATT' K C ATTINGER

PHILCO-FORD CORPDRATION
WESTERN DEVELOPMENT LASORATORIES DIV,
3939 FABIAN WAY
PALO ALTOD, CALIFQANIA 94303
ATTN LIBRARY
ATTN E R HAHN, MS~x22
ATTN S CRAWFORD, MS-S31

PULSAR ASSOCTATES, INC.

7911 HERSCHEL AVENUE

LA JOLLA, CALIFORNIA 92037
ATTN CARLETON JONES

RCA CORPORATION
GOVERNMENT AND COMMERCIAL SYSTEMS
MISSILE AND SURFACE RADAR DIVISION
MARNE HIGHAAY AND BORTON LANDING ROAD
MOORESTOWN, NEW JERSEY 08057

ATT!, ELEANOR DALY

RCA CORPORATION
GOVERNMENT AND COMMERCIAL SYSTEMS
ASTRO ELECTRONICS DIVISION
?.0. 80X B0OO
PRINCETON, NEW JERSEY 08540
ATIN DR. GEORGE BRUCKER

RCA CORPORATION

OAVID SARNOFF RESEARCH CENTER

201 WASHINGTON ROAD

WEST WINDSOR TOWNSHIP

PRINCETDN, NEW JERSEY 08540
ATTN WILLIAM J. DENNEHY

RCA CORPORAYION
P.0. 80X 591
SCMERVILLE, NEW JERSEY 08874
ATTN DANIEL HAMPEL ADV COMM LAB

RCA CUFPDRATION
CAMDEN COMPLEX
FRONT + CODPER STREETS
CAMDEN) NEA JERSEY 08012
ATTN E. VAN KEUREN, 13=5-2
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K ¢ 0 ASSOCIATES
P. 0. 82X 3580
SANTA MONICA. CALIFOANIA 90403
ATIN WILLTAK KARZAS
ATTN WeRo SCHAEFER
ATTN OR WM R GRAHAN
ATTN ROBEAT A+ POLL
ATTHN § CLAY ROGERS

RADIATION INCORPORATED

PeQ. 80X 3T

MELBOURNE, FLORIDA 12602
ATTY JOHK He TURNER
ATT. € ¥ ROOSe MS 16-154

RAND CORPORATION: THE

L700 MAIN STREET

SANTA MONTCAe CALIFOANLA 90404
ATTH Cu.M. CRAIN

RAYTHEQN COMPANY

526 BOSTON PAST ROAQ

SUOBURY, MASSACHUSEITS OLTT6
ATTN HAROLO L.« FLESCHER
ATTN O.R. JONES

RESEANCH TRIANGLE INSTYITUTE
Fale 80X 12194

RESEARCH TRIANGLE PARKe NORTH CANOLINA
271709

ATTN ERG. ¢ ENVIAON. SCIENCES OIVes

OR. MAYRANT SIMONSy JA.

SANQERS ASSOCIATES: INC.
95 CANAL STREET
KASHUA, NEw HAMPSHIRE (3040
ATTN W L ATTEL
ATTN 1-6270. & G DESPATHY, SR PE

SAND1& LABCAATORIES
ATTN OOCUMENT CONTROL

P. 0. BOX 5800

ALBUQUEROUE. NEW MEXICO 8T11S
ATTN ORG 50, & NARATH
ATTH ORG 9333 R L PARKER
ATTK ORG $23Ls C N YITTITOE
ATTN URG 1426 J A CUOPER
ATTN TECHNICAL LIBRARY
ATTK ORG 1935s J.Eo GOVER
ATTN J O APPEL
ATTH J A KANE

SANDIA ' ARORATORIES
LIVERMUAE LABORATORY

ATTh DOCUMENT CONTROL
PO, 80X 969
LIVERMORE,CALIFORNIA 94550
Toehse DELLIN
ATTN K & MITCHELL, 8157
ATTN G OTEY 8178
ATTH J L WIRTH 8340
ATTN SUPEAYISORs LIGRARY DIV
ATIN J A MOGFORD OIV 8341

=4
x

SCIENCE APPLICATIONS INC

HUNTSVILLE OIVISION

2109 W CLINTON AVE

SUITE 700

HUNTSVILLE ALAUAMA 35808
ATTH N R BYEN

SINGER-GENERAL PRECISIONs INC
1150 MJ BREDE AVENUE
LITYLE FALLS, NEW JERSEY 0T424
ATTH ABRAMAM WITTELES, RAOIAYION
EFFECTS SUPERVISOR, 3-5820

SPERRY AAND CORPORATION
SPERRY GYROSCOPE DIVISION
GREAT NECKe NEW YORK 11020
ATTN PAUL MARRAFFINGe DEPT 4282

SPERRY RAND CORPORATION
UHIVAC DIVISION
DEFENSE SYSTEMS OIVISION
Pole BOX 3525, MAIL STATION 1931
ST, PAULe HINNESOTA 55101
ATTH DENNIS AMURDSON, M5 S261
ATTN Jeho INDA¢ MS 5451
ATTN A BROWHy HS 8911

SPERRY RAND CORPORATION
SPERRY FLIGHT SYSTEMS DIVISION
* O 80X 2592
PHOENIX, ARIZIONA 85002
ATTH FAT DEVILLIER
ATIN O A& SCHON: RM 104C
STANFORD RESEARCH INSTITUTE
333 RAVENSWOOD AVENUE
HENLO PARK: CALIFORNIA 94025
ATTN MR, PHILLIP DOLAN
ATTN MR. ARTHUR LEE wWHITSOMN
ATTR DR. RUBERT A. ARMISTEAD
ATTN J.h. BAER, JLOIS

STARFORD AESEARCH [NSTITUTE
306 WYNV DRIVE, N.We
HUNTSVILLE, ALABAMA 35305
ATTH SR RES ERGs M. MORGAN
ATTN HARQLD CAREY
ATT™ WILLIA® DRUEN

SUNDSTRAND AVIATION
474T HARRISON AVENUE
ROCKFORD,y ILLINOES 61101
ATTN OEPT T63SW, CURT WHITE

52

SYSTEMS, SCIENCE AND SOFTWARE, INC.
P.0. 80X 1620
L& JOLLA. CALIFORNIA 92037

ATTH GLEN SEAY

SYSTRON=DONNER CORPORATION

200 SAN MIGUEL ROAD

CCNCDRD, CALIFORNIA 94520
ATTN HAKOLO D. MORRIS

TEXAS INMSTRUMERTS, [NC.
Pa0e B0Y 5474
DaLLAS, TEXAS 75222
ATTN R ¢ 0 PROJECT MANAGER,
MR DONALD J  MANUS, NS 72
ATTN RADIATION EFFECES PROGRAM HGR. 4y
MR, GARY F. HANSON

TRW SYSTEHS GROUP

QNE SPACE PARK

REDONDO BEACH: CALIFORNIA 90278
ATTH MR. K, KINGSLAND
ATTN HR. D, JORTNER
ATTN HR. A, ARDERMAN
ATTN B8, SUSSHOLTZ
ATTN TECH INFO CENTER/S-1930
ATTN LILLIAN SINGLETARY R1/2154
ATTN OR. W.h. ROBINSON. ARL/2028
ATTH R M RHITMER
ATYTN A MOLHUD
ATT4 JAMES GORDAN

TRW SY>TEHMS GROUP

SAN BERNARDING OPERATIONS

P.Q. BOX 1310

SAN BERNARD{NO: CALIFORNIA 92402
ATEN JoMe GORMAN, MGR WPN 5YS ENG
ATIN DO W PUGSLEY

ATTN E A ALLEN
ATTN H § JENSEN
ATTH J B DAHNKE

ATTH R H XARCHER, MS 526/712

UNKITED AIRCRAFT CORPORATION

HAMTLTON STANOARD

BRADLEY INTERNATIONAL AIRPORT

WINOSOR LOCKS, CONNECTICUT 0&%09
ATTN RAYHMOND G GIGUERE

UNITED AIRCRAFT CORPGRATION

NQADEN DI¥ISTON

HELEN STRELT

NCRWALY .« CUNNECTICUT Ca851
ATTY CONRAD CORDA

WESTINGHOUSE ELECTRIC CORPORATION
DEFENSE AND SPACE CENTER
DEFENSE ANU ELECTRONIC SYSTEMS CENTER
f.0. 80X 1692
BALTIMORE, MARYLAND 21201

ATTN HENRY P KALAPACA, M5 1519

WESTINGHOUSE ELECTRIC CORPORATION

RESEARLH AND DEVELDPMENT CENTER

1310 BEULAH ROAD (CHURCHILL BORY

PITTSBURGHs PENNSYLVAKRIA 15235
ATTR WILLIAM E. NEWLLL

WESTINGHOUSE ELECTRIC CORPORATION

ASTRONUCLEAR LABQORATORY

P 0 801¢ 10684

PITTS8uaGH: PENNSYLVANLA 15236
ATTH P.W. DICKSON

MARRY BIAHJND LABORATORIES

EINSELy DAVYID Way COL. COMMANDING
OFFICER/CARTER, WoWe/GUARING: Pohe
KALMUS: HoP o/ SOMMER, .

ATTN HOKTON. B.Mes TECHNICAL GIRECTOR
WILLISs BoFe

ATTN APSTEINs Moy 0QO02°

ATTH CHIEF, 0021

ATYN CHLEF, 0026
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