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1. INTRODUCTION

One class of problems of current military interest concerns the

I response of antennas mounted on the exterior surface of metallic

equipment shelters to the tactical electromagnetic pulse (EMP )
• envir’onm.nt created by a near-surface nuclear detonation . With the hope

of ultimately obtaining models suitable for engineering purposes,

analytic formulations of such problems are posed in ideal geometries

with simplified problem physics.

One such formulation consists of a perfectly conducting sphere of
radius a, in unbounded space filled with a medium of constant

conductivity a, in the presence of Compton electron flux of velocity v
j and current density J~ . The source-current density is curl-free and the

total electromagnetic current density (in the absence of the sphere )

vanishes. The sphere is treated as ideally gaimna-thin; that is, for

each electron entering the sphere another electron leaves the sphere in
the direction of the photon flux .

A formal , frequency-domain series solution to the latter formulation

has been obtained by Bombardt.1 In this report, we obtain an
approximate time—domain solution for the electromagnetic fields on or

about the sphere by contour integration of inverse Laplace transforms.

The approximate solutions are used to perform some tentative estimates

of the coupling of the radial electric field near the sphere to an

H antenna.

1J .  N.  Bombardt , Jr . , Electromagnetic Response of a Sphere Over a
Ground Pl ane in the Presence of Source and Conduction Currents in the
Air, Harr y Diamond Laboratori es TR-1716 (October 1975) .
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2 • SPHERE MODEL AND APPROXIMATE SOWTION

The problem geometry1 for the sphere of radius a is shown in
figure 1. We use mice units with free— space permittivity

a

‘ 4 4
/~ ,‘N~/ / \

/ /
I / \

I,
(- 1.1)-..

z
z=1c~~

a

Figure 1. Sphere exposed to Compton current density—-A/rn2 in presence
of constant conductivity a mhos

m

1J .  N .  Bombardt , Jr. , Electromagnetic Response of a Sphere Ovór a
Ground Plane in the Presen ce of Source and Conduction Currents in the• Air, Harry Diamond Laboratories TR-1716 (October 1975) .
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= lO 9/36ir F/rn and free—space permeability — 4w ‘C ~~~ H/rn. The

Compton current density is, with explicit sign for the electron charge ,

— f(w)e~~~ , B — (1)

u(t) — 0 Ct < 0); = 1 Ct > 0)

In equation (1) ,
time,

z = horizontal coordinate (see fig. 1),

U = Heaviside unit step,

= radian frequency, and

• 
— ~:~c ct)e imt 

dt

(2)

—i~~
(t) = ~~— L f  (w)e

• The electric field in the medium in the absence of the sphere is

Ei = 
_ f ( w ) e i

~~
z 0 — i w e

The formal series solution of the boundary value problem1 yields the sum

of incident and scattered electric fields:

~~total~~~~i~~~~~s (4)

~~~r,e,w = 
-) E i~~ C 2n + l)i (~~) d [ W M] 

Ii.... ~~
u=ka

1J. N. Bombardt, Jr., Electromagnetic Response of a Sphere Over a
Ground Plane in the Presence of Source and Conduction Currents in the
Air, Harry Diamond Laboratories TR-1716 (October 1975).
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= E i~~~n(n + 1) (2n + l)l (~~).
(6)

h
~~~

(kr)

(i) f (ca )
E~~(r ,e ,w) = 

c ( !~~)  (~2~ - iw) n=l 
i’~~~(2n + 1)l

~(~~)

(7)
d u~~

(1) (~~du n i u=kr n-~ d Cl) 1— u h  (u)I
. 4 du n j u=ka

where j is the spherical Bessel function, P the Legendre polynomial
and hW = j + iy t-he Hankel function of the first kind. All special.
functions are defined with the conventions of Abramowitz and
stegun .2 For convenience, we convert the Fourier forms in equations (5)
to (7) to Laplace form and perform (term by term) an evaluation of the
inversion integral

d+ios

g(t) = ~~~ f exP(tz)~~(z) ~~~ 

(8)

d-io.

where ~ (z)  represents the desired field from equations (5) to (7) and
z0 is the Laplace transform variable, s, regarded as a complex variable.

A Brornwich contour3 is employed (see sect. 5).

2M. Abramowitz and I. A. Stegun, eds., Handbook of Mathematical
Functions, National Bureau of Standards, AilS 55 (1965).

3F. B. Hildebrand, Advanced Calculus for Engineers, Prentice Hall
~‘ (1949). (We start with the Fourier integral theorem having complex

exponential signs opposite to 87(a), p 601).

8
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- Formally, equation (8) does not converge on the large semicircle

because of a factor in the integrand modulus arising from j
~ (iz0 ~

) .
• We, therefore, actually evaluate

+ = j~
-. 

J

d
~~

0
~exp(tz ) [exP(i z)~~(z)] 

dz (9)

d-i

Term by term, the right-hand sides of equations (5) to (7) have no

poles (see sect. 5), for a 1# 0, other than the pole introduced into
equations (6) and (7) by a - iwc0. In order to evaluate equation (9),,

we resort to the ansatz of calculating for the H
. 

evaluation, an

• integrand multiplied by 1/Cs + c), with c infinitesimal, then subsequent
differentiation. The operand is a step function which yields a Dirac

delta function (see sect. 5).

• If we use the pole at z = -a/c for the evaluation of E and

• the factor Ca/v) (a/c ) appears in our expressions.
• 0

We can evaluate E~ and E by a similar ansatz used for H
~ 
by

extracting f(s)/(c Cs + a/c ) ]  rather than i(s) from the Laplace
° ° (m c)inversion integrand. With f(0 )  = E (0) = 0, the subsequent

4” convolutions yield the same result as the 0/C pole evaluations for

—~~~~c c l .  (10)Co V

The approxiltate field solutions should be subject to the usual

skin—depth restriction we give below. In equation (9), it is

interesting that (a/c ) (a/v) enters the n 1  electric field via the

factor 
(
1 + [(a/e ) (a/v)~

2/10) in which the difference from unity is

small, even for (a/c
0
) (a/v) 1. Lerch’s Theorem3 assures the

• uniqueness of equation (15) below in the electric field evaluations.

- 

3F. B. Hildebrand, Advanced Calculus for Engineers, Prentice Hall
(1949). (We start with the Fourier integral theorem having complex
exponential signs opp osi te to 87 (a) , p 601).

9
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The resulting solutions for a step in ~(w), including t~e electron
charge sign, are

H:
teP (r ,o ,t) a (~~2 

D (t )  sin 0 (11)

E5 5t
~~ (r ,O ,t) ~~~(~~

3 cos 8 Jex~
[_ 

~~ (t - t)

] 
D(T) dt (12)

B: 
SteP

(r O t) 

0 

~ ~~~ _ [
~ 

(t - T~D(t) dT (13)

where

D(t ) exP[_ _( ! a ) ] u ( t _r a )  
_ _ _ _ _ _ _ _

_  

exp
[

~~~~~

j
[

~~~~fH~~~~~ )2 ]  
(14)

In equation (14) , I
~ is an integer order modified Bessel function. The

desired responses are , therefore,

g(t) = 
f a C t  - t )  ~j0(t - T)u (t  - t)~ gSt5P(T) dt, j0(0)= 0 (15)

where g5t~~ represents any of the functions in equations (11) to (13).

At rr~a, the H field and surface current from equations (11), (14),
and (15) is

H~ (t) aj (t) sin 8 
. (15)

1(
8 (t) —aj (t) sin 0

10
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3. ANTENNA COUPLING ESTIMATES

We desire to estimate the short—circuit base-current contribution

for an antenna mounted on the sphere as shown in f igure 2, due to the
-
~~ field E • . The direct coupling of Ei to the antenna is not considered

here.

~ 
I

(~~~I) -

~ 

(
‘c 

/ /
H /

/

‘V

Figure 2. Antenna coupling geometry .

We assume in these calculations that the skin depth in the air is

significantly greater than twice the sphere radius. Thus, skin depth is

~ 16 6<~ > ..i4___ XlO t(seconds) (meters) .> 2a (16)

where t is the time of interest.

11
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To use E5 for coupling estimates , we shall keep the first term in
equation (14) and roughly estimate the importance of the second term.
Thus, from equations (12), (14), and . (15), we find

E~ 
~~ 

~A)~ cos 0 exP
E~ 

a 
(r; a)~f 

aj
~~
( t t )

a 
exp -1!: (T —t )]dTdt . (17)

Switching t - t and T between the Oonvolution factors and enforcing
t - t 

~~ 
(r - a)/c in the inner integral, we obtain

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-•

(18)

- 

j (0) = 0

The omitted contribution to equation (18) is

s 2 /a\3 a fr - a
= ~

— cos 0 
c

tf i~~(t )  J exp — [~
2.(t — t —

o r—a (19)

Lex~ (~ 
) [~~~~~~~

;2 (r ; a)

dr dr .

12
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-
, The t ’~~~ integral in equation (19~ is

< (0.2)  ~J ~/ (~~~exp E- -~~~~~~ (r; a) 
(u - 1u2 - ~~ du

I i  ~ r 1
~~(0 .2) I ~~~~~(~u

2 - l) du = 0.2 in ~~~(1r ;
i~~ 

1 

+ 

~~~~ 

- 
a)]

where the 0.2 comes from a constant approximation (an overestimate) to
eXIl (x) shown in Abramowitz and Stegun.2

Some values of interest are shown in table I.

TABLE I. PARAMETERS FOR THE BESSEL I NTEGRAL

U u \ Iu2 _  ~~ in  ~J r~~~a 14 ( r _ a ) ]

1 1 1 0
1 .5  0 . 3 8  5 2 . 3

3 0.17 10 3.0
• 

- 5 0.1 100 5.3
• 10 0.05 1000 7.6

Thus , in the total E 5 integral , the factor multiplying the exponential
in the T integration is

<~(ex~ [_ .~~~ — (r a)] + (0.2)ln 
[,j([r 
:
‘
a)~~ 

~~ 
~ + 

(X. _ a )]

(21)
2c V c /
0

• 2M. Abramowitz and I. A. Stegun, eds., Handbo ok of Mathematica l
Functions, National Burea u of Standards, AilS 55 (1965).

13
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We may use equation (21) to qualitatively judg e if th. second term from
equation (19) is not dominant in our estimate.

The Laplace transform of equation (18) i.

j 8 (5)  = .a cos o(A)3 
exp 

~~~~ 
(r ;  a)] exp [_ (r a) ~] 

. (22 )

- 
0 

•

We shall treat the antenna as a monopole over an infinite, perfectly
-

• 
conducting ground plane. To model the antenna , we use a transmission
line analog due to Stark ,~ shown in figure 3. The transmission line is
lossless (a = 0) and the characteristic impedance is

- 
Z = 60 [in (

~
) - ~] (ohms) , (23)

where r is the antenna radius.

II 1ac • Z.~ ui...i

+ d

~ 
cONWmmQsMI. A

*0 31t—s~ s 
. zinc

(&)
Figure 3. Transmission line antenna model.

Werner 3. Stark, Transient Response of a Log-Periodic Antenna Based
on Broad—band Continuous—Wave Measurements , Harry Diamond Laboratories
TR—1792 (April 1977) .

14
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The incident field for the transmission line from equation (22)

inc 2 1 Ict a ci ~~~~ (24)
• 

B ( s ) = — c o s e e x P l _ x 0(; + 2~~~) _ x 0~~~I . s + ~i0 0 L ‘ c
0

where we have approximated the 
(

~
)

3 
failoff by an exponential as shown

• typically in table II.

TABLE II . EXPONENTIAL APPROXIMATION TO 
(~
.)3: (a — 1 m)

exp [_ .~~ (r_a)]
r (L)3

a i . o ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~:~
‘

1.25a 0.51 0.59 0.69 0.78

1.5a 0.30 0.35 0.~’7 0.61
2.Oa 0.13 0.12 0.22 0.37

0 a aIn comparison , 2e c — 0.02 
—

0 lO~~~
- • The transmission line response (see sect. 6) to

• ~~~~~ 
— ~~

. ex~~(_ 

~
) ex~ [_ ~(a + 

2C C)] (25)

-

~ 

• is shown in figure 4.

15
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.120 I I I I I I I I I
r t  J 0 20 40 00 00 100 

::~ 2, 

iso iso ~~

Figure 4. Transmission line response I (t) to equation (25): a = o,

L from equation (31) , l
~
.

- a/c t
From equation (25) we may then convolve 1 (t) with e 0 and

‘ H restore the amplitude:

t
Ct) = ~ —. cos 0 ft (t — r) ex P (_ .~2. 

r) dt

16



r ~~~~~~~~~~~

+ 

ex
~ F ~~ (t - t i) ]  — exp [~ ~~ (t - t i)]

ex~ [_~~2.t] _ exP[_~~~ (t_ t i)] exP (_~~~~ t i)
— 

C 0 , t i < t < 2 t 1 . (26)

0

The constant L is given in equation (31) below. The short-c ircuit
current estimate is

1 ( t) = £ - t )  [)
(t - t )u (t  - t)] 1 (t) dt (27)

where the voltage and current polarities (see fig. 3) are

1÷V .

(28)

where L is line inductance per unit length. Equation (27) has a

Laplace transform identical to the more familiar form in which + E8,

tr 
+ ~~~ Uniqueness is again assured by Larch’s Theorem.

We choose the following test pulse, shown in figure 5,

L 
- t e.cp 

(i 
- A/rn2 (29)

17
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G~ Z2XW
3 mi-is/rnso-

I /
7 5 -  f

is~
.

I I I I I I I I
o so ioo iso iso iso iso iso aco iso iso

Figure 5. Incident electric field E~ and Compton current pulse.

• 
- From equations (26) and (27 ) (see sect. 6, eq 59),

i ( o <  t ~~. ti- ~*) “~~~~~ os e(~i) jmtr e’ ~ 
2L

• ~
_ exP(_~~._)

(a 1) 
(~~~

tr
_ 
1) ~~(~;;

tr
_ 
1)2

(e~~ (~ ~~~~~~~- e~~f- ~~~~~ 

~
]) + (

~ 
t~~~ 1)2 

(•~
[
~ ~ ~

] - 
~

[- F] ) ] (30)
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where

L 1 

~ 
(see table II) , (31)

— +
-
~~~~ a 2 c c

-~~~~~ 0

c t < 

~
.) — cos e 

(~~)im
tre1 tE2 + exp _(~2~ t1)

a / t — t i \  f t - t i

+~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
t )eXPV t

t~~;z~~4 
t -t i ]~~~~~~ 

- tO]
)]

: ~ 
- 

~~ 1)2 
(e~~~

[
~ 

t ~~ t
i] e~~[ ~~~~~~ (t - 

tO])]

~~ 
tr 

- 

~~ 

tr

~~~~~~~~~~~~~~ t
XP

t 

(k t : 1) (~
2. t 1 )

~~(~;tr
_ i) 2 

(ex~ [_~~J_ ex~ [_ tr ]
exP[_ _.E]

-• •~~~~~~~~~~- ~~~~ - 0 -~~~~~ •

•— — — — ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 4
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11 ~~(••Zt _ l )2 
(exp[_

t

;

t
1]exp [_ a t

i) 
- .

~~f- F])

+ (t 
;t

i)exp( 
t 

;
~~t

i) (e
~~~~~~ ti) 

- ~~ 
t
i]

)]j  

(32)

Equations (30) and (32) are only valid for the following restriction
since only Iro(t) was so simplified.

I I exp (_ ~~ c< 1 (33)

4 SAIIPLE CALCULATION

1-~ • If we use the model of section 3 for a sphere near a ground plane,
we should attempt to take some account of Ei in the presence of the
ground. Following a suggestion of Bombardt , we force E~ by adjusting

~m’ 
~~~ and a to be as representative as possible of some prescribed

near—ground horizontal electric field.

Now,

coi~ + aE~ = —

~~~~~

• and with our test pulse,

11 - 
ifl~’tr [ç~~~~~ ti~~~ 

)
~ + ~ ~~~~~ 

]
~ 

•

-
~~

20
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This electric field peaks at

= 

(
~ 

t
r) [

i - exp ( tr - ‘)(t) Peak)] (36)

s
t
r l

0

In order to have a peak , we must fix tr and select (a/c0)t > I
For the example , we choose

z = 372 ohms ,

a — l m ,

— 2.08 (table II),

h = 4 m , and

t =2O ns,r

in which case the exponential more closely approximates 
(
~)3. The

electric field E~ at r=a for one value of (o~i~~)t is shown in figure 5.

The short-circuit current estimate for the case in figure 5 is shown in
- • 

0 figure 6.

- -

~ 

• The peak value of I is —

II5~I (first peak) ‘
~ 

(1
~

9 )j m (l) I Cos el (37)

(ttr ”S). (38) 

~~~~~~~~~~~~~ 
- 

-~~~~~~~~~~~~~~~~~ • - - -~~~~~~~-
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~7”i..2~~i~~ mi-is/rn
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i_- i  
• 

l

:
-

~~~

- 2 —

4 I . 1  I I 1 I I I I
0 20 00 50 120 100 150 210 200 270 sm

V (xi0-2 )

Figure 6. Short-c~trcuit current (~ — 2.08).

Let us now vary the exponential attenuation , ~ , while keeping the
remaining parameter set fixed. Results are shown in figures 7 and 8.
The peak currents vary monotonicaily upward as the attenuation is
decreased.

The ideally ganma-thin sphere model~- yields a net time-dependent
charge which is equal to the to4 al charg. that would be present in ths

• volume of conducting medium excluded by the sphere. Our approximate
driving electric field E yielda z.ro net charge on the sphere.

~7. N.  Bombardt , air. , Electromagn.tj c Response of a Sphere Over a
• Gxound Plane in the Presence of Source and Conduction Currents in the

Liz, Harry Diamond Laboratories TR-171 6 (October 1975) .
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30 00 00 120 100 150 210 510 270 ~~~
.5.. (~(j5 2)

Figure 7. ~ iort-circuit current (a/a = 1.5) .

3 -
a~uxIsr~~w.

2 -  
-

- v~~~ i -
V 

-~~i$. ,.
— 

~~~~ 0kH
- 1-

I- 2 -

4 I I I I I I I I I
H 0 30 00 00 110 155 iii 21 ~~ 300

+ ~XW2)

Figure 8. Short-circuit current (a/a - 1.0) .
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The neglected term in our electric field , equation (17) , is not
quite negligible for higher conductivity values. However , at
interesting lower conductivities the second term in equation (21) has a
typical value smaller than

(0.2)5 ~ 
x ioTh (2) (1) 

0.15 ; (39)
2x 1 0 11 3x ’l08

and the contribution in equation (19) is small enough to neglect in a
first approximation.

5. CONTOUR INTEGRATION

Since our method of evaluating the inverse Laplace transforms is

approximate and somewhat unconventional, we include some further details
in this section.

The Bromwich contour for evaluation of equation ~~ is shown in

figure 9. We first examine the Hankel function denominators in
equations (5) to (7) (te rm by term) . From a Bessel relation , the
vanishing of denominators requires

(ka) = n hW (ka) , hW (ka) = j n (ka) + iy (ka) . (40)

From equation (40) we obtain

- Yn_i (ka) in ( ka)  = 0 (41)

in contradiction to the known relation

- y~ (ka)j ~ _ 1(ka) 
(ka) 2 ~ 0 (42 )

24
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since a # 0 ~~ IkI+0, the Hanke]. func—
~~ S tion factors in our residue evaluations

d vanish. For convenience we work with the

/ Laplace variable

~‘ / s d - i w . (43) 
~

‘ •

0

•

____________ ~ X The argument of the Hankel functions comes
F-’

from

\~ k2 = iwi~~(o -

~~ A k = ~ ei~~k exP[i (~~~ + mit)] (44)

Figure 9. Bromwich contour .
— - m = 0, ±1, ±2,

where
z = r e ~

0 (45)

€1 a /~ ~ 21¼
k = —1r2 + 2 — r cos 0 + I — i  I (46 )

j . 0 C L O  C 0
0

ai r  sin 20 +—sjn 0
-

~~ 1 0  C
8 = arc tan I ° + Lit (47)
0 Lr  cos 20 +~~— cos 8o c

L = 0, ±1, ±2, . .
First we state that (term by term) the modulus of exp (a/v)z g(z)

vanishes on CB and HA where g(z) are the integrands resulting from the
H- fields in equations (5) to (7). The integrand moduli also vanish on AB 0

as r0 +

Likewise , the integrand moduli also vanish on CD and GB as r0 + = .

We’ find that we may remove as a convolution factor :

exp[iii(r - aul 
+ 

e~~[ ( r c a) (~~ ÷ 
s:)] (48)
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the known transform of which5 yields equation (14), and still obtain
vanishing moduli on the contour extremes for the remaining integrand

factors.

The loop integrals DEFG are of the form

~loop = _J~~ix e~~~ ex~
(_ x) ~~~~~~~~~~~~~~~~~~ exp(~~t).

-

~~~~~ 

-

I l .3 ..(2n + 1) [1 + 
(2: + 3) 

+ .

[FH(I x~ e
_
~~) - F

H(I xJ efl)] edt (49)

where FH is a Hankel function factor-—the exponential in the Hankel

products is in the convolution product of equation (48). We find that

the small circle integral vanishes as p 0 because of the p factor from
0 dz in z = pe~

0 
on the circle. We ~ind explicitly that the difference of

the functions F
H 
in equation (50) is always zero (even for I k i  = 0 ) ;

hence, the loop integrals contribute nothing within our approximate

problem formulation.

The residue evaluation for H~ including the ansatz is

Res(
’
iI (z) 

Z ~ C) (48) removed 
= a(~ )2 sin e exP[-c(t + ~ )]e

dt 
(50)

- For C and d infinitesimal , we-differentiate equation (50) to obtain

a sin 8â (t) . (51)

Equation (51) convolved with equation (14) yields equation (11).

5N. W. NcLachZan, Complex Variable Theory and Transform Calculus,
Cambridge (1963). 
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0 Using the pole at = - —i-, the residue evaluations for the electric
fields yield

sin 6 exp~~ --~~
. t~ :(E9~ 

(52)

.1 

~ 
cog 6 ex~(_ ~.2. t) :(E ) (53)

Convolving equations (52) and (53) with (14) yields (13) and (12) ,

- 
respectively.

Utilizing the 6 function ansatz, the electric field evaluation
-: yi:l~s equation (15) with + (35) and gsteP

+(~) 
sin OD(T),

-
~ 2(.. ) cog 9Dft) for E

0
, E , respectively.

6. TRANSMISSION LINE

• 

- The transmission line solution in sections 3 and 4 is 0

- - straightforward. We include the following development for completeness.

The Laplace—domain short-circuit current for the (lossless)
transmission line of figure 3 (x0 + is the space variable increasing
toward the open end) is

1 + e~~(_ 
~~) /~

-~ [ex~ (- ~~a) - ex~~(~ 1[2h - x l)]
where , for a step

— exp (_ 
~ ~0) ex~~(_ 1_.)(L) . (55)
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From a series development of equation (54) we find

Iro (t) = 11( t) + 12 (t) + 13 (t) (56)

where

- 
Ii ( t ) . . ~~~ [l

_ ex~~(-~~~~ t)] 0 c t < ~~~~

(57)

and we are interested only in the case

Now, 

e~~ (_ 
~ ) <cl . (58)

and 

12 (t) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (59)

H 
I3 (t ) = -~~~ _ [ 1 _ e x P ( _

]{
~~ 

ih ,~~ ~~~, . . .] .

Assuming equation (58) , the response (56) is shown in figure 4.

7. CONCLUDING REMARKS

The radial scattered electric field solution obtained in section 3

should be used strictly in an essentially quasistatic situation. It
1 appears, however, that only an exact analytic solution for the

-~~ Compton-driven sphere in a dissipative medium will, provide a satisfying
0~ resolution of this problem.

~
28

I

~0 ~~~~~~ ~~~~~~~~~~~ ,~~~~~~ ~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r
DISTRIBUTION

DEFENSE DOCUMENTATION CENTER DEFENSE NUCLEAR AGENCY (Cant ‘6) CC**(ANDER
CANE~~*I STATION , BUILDING 5 ATTN TITL TECH LIBRARY US ARMY ARIlAIewr NEBEANCH- 1 ALRXAMtI,~IA, VA 22314 A3~31l TISI ARCHIVES B DEVELOPMENT CIIO4AND
A?I1~ DDC—TCA (12 COPIES ) ATTN STVL DOFER, NJ 07801

~~-n DP.DAR-ND-D-B, EDWARD 2, ABNER
CCCQaANDER DIRECTOR OF DEFENSE RESEA~~ H ATTN PAUL HARRIS
USA ARCH S BID C-P (EUR) B ENGINEERING ATTN DRDAR-ND-D-C-2
BOX 65 DEPARTMENT OF DEFENSE ATTN DRDAR-ND-W
FPO NEW YORK 09510 WASHINGTON , DC 20301 ATTN DRDAR-ND-DA-4

A’~ fll LTC JAMES N. EENNEDY , JR. ATTN DD/S&SS ATTN TECHNICAL LIBRARY
CHIEF, PHYSICS S MATE BRANCH ATTN HYMAN POSTERIIAK

COMMANDER -

CC~ tMANDER FIELD CCE4MAND CCNMANDER
US ARMY MATERIEL DEVELOPMENT DEFENSE NUCLEAR AGENCY TRASANA

B READINESS CC *1MD KIRTLAND AFB , NM 87115 WHITE SANDS MISSILE RANGE , MM 880025001 EISENHOWER AVENUE ATTN FCPR ATTN ATM-SAC, FRANCIS H. WINMtSALEXANDRIA , VA 22333 ATTN FCSM-F3/CDR SMITE0 
ATTN DPXAI4-TL , HQ TECH LIBRARY COMMANDER0 

DIRECTOR US ARMY ARMOR CENTER
CIRItANDER INTERSERVICE NUCLEAR WEAPONS SCHOOL FORT IO4OX , KY 40121
US ARMY ARMAMENT MATERIEL KIRTLAND RIB , NM 87115 ATTN TECHNICAL LIBRARY

READINESS COMMAND ATTN DOCUMENT CCI”LROL
- - • HOCK ISLAND ARSENAL CHIEF

• 
- 

HOCK ISLAND , IL 61201 DIRECTOR US ARMY COMMUNICATIONS SYSTEMS AGENCYATTN DRSAR-ASF , JOINT STRATEGIC TARGET PLANKING FORT MONMOUTE, NJ 07703
FUZE S MUNITIONS SN DIV STAR’? , JCS ATTN SCCM-AD-Sv (LIBRARY)

-

• 

OFFUTY RIB
COMMANDER OMAHA , NB 68113 COMMANDER
USA MISSILE & MUNITIONS ATTN STINFO LIBRARY US ARMY COMPUTER SYSTEMS COMMANDCENTER S SCHOOL ATTN JSAS FORT BELVOIR, VA 22060
REDSTONE ARSENAL, AL 35809 ATTN .JPST ATTN TECHNICAL LIBRARYI - ATTN ATSK-CTD-F

CHIEF COMMANDER
COMMANDER IN CHIEF LIVERMORE DIVISION, FIELD COMMAND DNA US ARMY ELECTRONICS Ca~ (AND
US EUROPEAN COMMAND , JCS LAWRENCE LIVERMORE LABORATORY FORT MONMC*JTM, NJ 07703• APO NEW YORK 09128 P.O. BOX 808 ArIT~ DRSEL-CT-HDK, ABRAHAM S. COHEN

ATTN TECHNICAL LIBRARY LIVERMORE , CA 94550 ATTN DPSEL-CE , T. PREIFFER
ATTN FCPRL ATTN DRSEL-TL-MU, C-ERRANT K. GAIJLEDIRECTOR ATTN DRSEL-GG-TD , W. R. WERE

DEFENSE ADVANCED RSCN PROJ AGENCY NATZONP,L COMMUNICATIONS SYSTEM ATTN DRSEL TL ENV , HANS A. BOMEE
ARCHITECT BUILDING OFFICE OF THE MANAGER ATTN DRSEL-TL-ME , N. H. POMERANTZ
1400 WILSON BLVD . WASHINGTON, DC 20305 ATTN DRSEL-TL-IR , ROBERT A. FREIBEHO
ARLINGTON , VA 22209 ATTN HCS-TS, CHARLES 0. b OSON ATTN DRSEL-WI--D

ATTN TECHNICAL LIBRARY ATTN DRSEL-NL-D
ANN AD/EBBS GEORGE H. HALMEIER DIRECTOR

NATIONAL SECURITY AGENCY DIRECTOR• DIRECTOR FT . GEORGE G. tIRADE , MU 20755 US ARMY MATERIAL SYS ANALYSIS ACTIVITY
DEFENSE CD/IL PREPAREDNESS AGENCY ATTN 0. 0. VAN GVNTEN ,R-425 ABERDEEN PROVING CHXIND , IC 21005ASSISTANT DIRECTOR FOR RESEARCH ATTN TECHNICAL LIBRARY ATTN DRXSY-CC , D. R . BARTHEL
WASHINGTON , DC 20301 ATTN TECHNICAL LIBRARY

ATTN TN (RED ) OJCS/J-6
ATTN RE (EO) lilY PENTAGON COMMANDER
ATTN ADMIN OFFICER WASHINGTON , DC 20301 US ARMY MISSILE CCB0IAND

ATTN J-6 , ESD-2 REDSTONE ARSENAL
DEFENSE COMMUNICATION HUNTSVILLE , Al, 35809

• 
0 

ENGINEER CENTER DIRECTOR ATTN DPSMI-HOP , HUGH GREEN
1860 WIENLE AVENUE SlID ADVANCED TECH CTR ATTN DRCPM-LCEX, HOWARD N. HEWRZESENRESTON , VA 22090 HUNTSVILLE OFFICE ATTN DROPM-PE-EA , WALLACE 0. WAGNERATTN CODE R720 , C. STANSBERRY P0 BOX 1500 ATTN DRSMI-W~~, VICTOR V. HOWEATTN CODE MOO HUNTSVILLE , Al, 35807

ATTN CODE R124C, TECH LIB ATTN TECH LIE CCBIMMIDER
US ARMY MOBILITY EQUIPMENT R 6 0 CENTER

DIRECTOR COMMANDER FORT BELVOIR , VA 22060
DEFENSE COMMUNICATIONS AGENCY BIID SYSTEM COMMAND ATTN STSFB-t8l , JOHN V. BOND , JR.WASHINGTON, DC 20305 P.O. BOX 1500 ATTN TECHNICAL LIBRARY

ATTN CODE 540 .5 HUNTSVILLE , AL 35807
ATTN CCTC/C672 FRANELIN D • MOORE ATTN TECHNICAL LIBRARY ClYOIANDER
ATTN CODE 930 , MONTE I. BURGETT , FR AN N BDMSC-TEN , NOAH J. HURST US AffliCT NUCLEAR AGENCY

7500 BACKLZCJL ROAD0 
• DIRECTOR DEP CHIEF OF STAFF FOR ARCH BUILDING 2073

DEFENSE NUCLEAR AGENCY 0EV 6 ACQ SPRINGFIELD, VA 22150
WASHINGTON , DC 20305 DEPARTRENT OF ‘lifE ARMY ATTN TECH LII

ATTN RAIN WASHINGTON, DC 20310 ATTN ATCN-W , LTC LEONARD A. SWGA
ATTN DDST ATTN DAICA-CSM-N , LTC 0. OODEN ATTN COL DEVERILL
ATTN RAEV

29



-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ?‘ -
~~ “~~~~~~~~ ‘- W’~~~

‘4

DISTRIBUTION (Cont’d)

C~~OIANDER SUPERINTENDENT A? OFFICE OF SCIENTIFIC RESEARCH
US ARMY SECU RITY AGENCY NAVAL POSTGRADUATE SCHOOL BOLLING All, DC 20332
ARLINGTON HALL STATION MlYITERZY , CA 93940 ATTN NP
4000 ARLINGTON BLVD ATTN COOS 2124 , TECH RPTS LIBRARIAN
ARLINGTON, VA 22212 A? WEAPONS LABORATORY , RISC

ATTN TECHNICAL LIBRARY DIRECTOR KIRTLAND All, MM 87117
NAVAL RESEA~~~ LABORATORY ATTN NT , JOHN DARRAN

COMMANDER WASHINGTON , DC 20375 ATTN D*X , DONALD C. IKJNSCH
US ARMY TEST AND EVALDATION COWf AND ATTN COOL 6631, JAMES C. RITTER ATTN SAT
ABERDEEN P~~~1ING G~~*nID , MU 21005 ANN CCCL 7706 , JAY P • BORIS ATTN ELA

ATTN DRSTE-LL , R. I. r.DLCNIN ATTN COOL 4104, DIANDAL L. BRAZICATO ATTN ELC
ATTN DRSTE-NB , P . R, GALASSO ATTN COOL 2600 , TECH LII ATTN NT , CARL S. BAUM
ATTN TECHNICAL LIBRARY ATTN CODE 2627 , DORIS P. IDLER ATTN EL

ATTN COOL 7701, JACK 0. ROMM ATTN SAS
C~~91ANDER ATTN SUL
US ARMY TRAINING AND DOCTRINE COMMAND CCRMAIIDER ATTN ELA, J. P • CAI’TILLO
FORT MONROE, VA 23651 NAVAL SEA SYSTEMS CCSI(AND ATTN EL (LIBRARY )

ATTN TECH LIBRARY NAVY DEPARTMENT
WASHINGTON , DC 20362 AZTEC

COMMANDER ATTN SEA-9931 , RILEY B. LANE PATRICK API , FL 32925
WR ITE SANDS MISSILE RANGE ATTN TECH LII
WRITE SANDS MISSILE RANGE , MM 88002 CYIIAICER

ATTN TECHNICAL LIBRARY NAVAL SURFACE WEAPONS CENTER H5?.DQIJAHTSfiS
ATTN STEWS-TE-AN/A DL LA PAZ WRITE OAK , SILVER SPRING , MO 20910 AIR FORCE SYSTEMS COMMAND
ATTN STEWS-IL-MY , ATTN CCCL 431 , CNIIN B, DEAN RICREWS API

HR. MARVIN P. SQUIREs ATTN COOS NESOl, NAVY ICC PR~ fE OF? WASHINGTON , DC 20331
ATTN CODE 431, F JWIN P. MTEIURM ATTN TEaIHICAL LIBRARY

CHIEF OF NAVAL OPERATIONS ATTN COOL NAb , J~~~ H. NSLLOY
NAVY DEPARTMENT ATTN CODE 223 , L. LIBfl~L0 CYICAJIDER
WASHINGTON , DC 20350 ATTN CODE WA4 3 AIR UNIVERSIT

ATTN CODE 604C3 , ROBERT PlACES! MAXWELL RIB , Al. 36112
C()IIAJIDER ATTN AUL/LHE-70—250

CHIEF OF NAVAL RESEARCH NAVAL SURFACE WEAPONS CENTER
DEPARTMENT OF THE NAVY D*JILGRZN LABORATORY C~~QIANDLR
ARLINGTON , VA 22217 DABLGRRM, VA 22448 AID- 0 ATTN TECHNICAL LIBRARY ATTN TECHNICAL LIBRARY WPAFB , CII 45433

ATTN CODE 464 , a. GRACEN JOllIER ATTN CCCL FUR , ~~~ ERT A. AMADOP.I ATTN CIF’TV
ATTN CODE 427 ATTN ASD-YH-EX
ATTN CODS 464 , THOMAS P . QUI*I CCIQCAICING OFFICER

NAVAL WEAPONS EVALUATION FACILITY HEADQUARTERS
CCIIIATIDER KIRTLAIC AIR FORCE BASE ELECTRONIC SYSTTNIS DIVISION/ER
NAVAL AIR SYSTEM S CCIIIAJID ALBUQUERQUE , MM 87117 HANSCOM *71, MA 01731
HEADQUARTERS ATTN LAWRENCE P. OLIVER ATTN XRT , LTC JOHN N. JASINSLI
WASH INGTON, DC 21360 ATTN CODE AID , HE. STANLEY- 

~~ \ ATTN -TECH LI) HEADQUARTERS
ATTN AIR-350F , LCDR HUGO HL RT CCNIIAII)ING OFFICER ELECTRONIC SYSTEMS DIVISIOB/YS

NAVAL WEAPONS SUPPORT CENTER NANSCOM API , MA 01731
CCIIIANDER CRANE , III 47522 ATTN YSLV
NAVAL EL8CT~~~~IC SYSTEMS CCIICAJC ATTN COOL 7024 , JAMES RAMSEY0 HEADQUARTERS ATTN TECHNICAL LIBRARY HEADQUARTERS
WASHINGTON , DC 20360 ELSCT~~~i1C SYSTEMS DIVISION/TN

ATTN TECH LID DIRECTOR HANSCOM API , MA 01731
ATTN PNL-U7-T STRATEGIC SYSTEMS PROJECT aDV ICE ATTN YWEI

-‘ ATTN PIfE 117-21 NAVY DEPARTMENT
- -; ATTN P1fE117-215A , CIJWTLP IHONNART WASHINGTON , DC 20376 HEADQUARTERS

ATTN 3P2101, JOHN H. PITSENBERGER ELECTRONIC SYSTEMS DIVISION • (RISC)
• - CCISIANDER A N N  NSP-2342 , RICHARD L. COLEMAN HANSCC*I API , MA 01731

0 NAVAL INTELLIGENCE SUPPORT CENTER ATTN NSP-43 , TECH LII ATTN TECHNICAL LIBRARY
4301 SUITLAJID ~~~D , BLDG 5 ATTN NSP-230 . DAVID GOLD
WASHINGTON , DC 20390 CCIQIANDER

• ATTN TECHNICAL LIBRARY CCIIf*JIDLR FOREIGN TECHNOLOGY DIVISION , RISC
ADCCIVXPD WRIGHT-PATTERSON All , ON 45433

CCIICANDER CIT AID, CO 80912 ATTN NICD LIBRARY
NAVAL OCEAN SYSTEMS CENTER ATTN XPQUQ • NAG G. SUCH ATTN STOP
SAN DIEGO , CA 92152 ATTN XPDQ

ATTN CODE 2200 1, HQ USAZ/RD
• 0 VERNE E. HILDEBP.AJID AF GEOPHYSICS LABORATORY , RISC WASHINGTON , DC 20330

API’S CCCL 3100, 5, 5. MOCOWN IBUSSCOM AZ) , MA 01731 111TH PDQSM
ATTN CODE 2400 , 5. V. LICITIiWI ATTN G. DIERY CORMIER
ATTN TECHNICAL LIBRARY CCIQIANDER

OGDEN AIR LOGISTICS CENTER
• HILL Al), UT 84401

ATTN TNCN X.II
ATTN MME1I4, ROBERT JOFFS

30

0~~~~~~~~~~~~~~~~~~~
__ 

-

. 

-
~~~~



_ _ _ _ _ _ _ _  • -~~ 0 - r~~~~~~~~~~~~~~~~~~~rr~~~C- ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DISTRIBUTION (Cont’d)

5*1150/DY ANROSPACE CORPORATION COMPUTER SCIENCES CORPORATION• I POST OITICE BOX 92960 DO DOE 92957 201 LA VL’?A DRIVE , NE
ICALOWEY POSTAL CDIT!R LOS ANGELES , CA 90009 AlBUQUERQUE, MM 87106
We ANGELES, CA 90009 AVIV C. B, PEARLSTOII ATTN RICHARD S. DXCJOIAJJT(TECHNOLOGY) ATTN IRVING N. GARIUNHEL. ATTN ALVIN SCRIP?

AVIV DYS , IV.J LARRY A. DBNDA ATTN JULIAJI REIJOILIMER
ATTN LIBRARY CONTROL DATA CORPORATION

8*1150/MM ATTN S. P. D~~81a P.O. BOX 0
SCM’ON *71, CA 92409 ATTN NO98IAN D. STOCCIELI. MXISIZAPOX.IS, III 55440
(IIflCTCI*N) ATTN IAL XRISHAN ATTN JACK l~~~~N

AVIV 111MM , NAG N. 1*5*11
0 AVIV 1100!, CAP? I, STEWART DM~ERt!,~ ~~~ ~~~~~~~~~ CUTLER-HAJSIE_R, INC.

505 KING AVNNJE 7.11 DIVISION
8*1180/SE COZIBIBUS , ON 43201 CCIIAC ROAD
POST OFFICE BOX 92960 ATTN TECHNICAL LIBRARY DEER PARE , NY 11729- • *)RLDNAY POSTAL CEIITER ATTN CENTRAL TECH FILES, *11W ANTHONY
LOS ANGELES , CA 90009 1011 CORPORATION, THE
(SPACE COIC SYSTEMS ) 7915 JONES BRANCH DRIVE DIXEWOCC flIDUSTRIES , SHEATTN SEE , PETER H , STAbLER ICLEAN , VA 22101 1009 BRADBURY DRIVE, SE

ATTN 1. H. NEIQIBORS UNIVERSITY RZSEA~~~ PARK
CCIIIANDER IN CHIEF AVIV TECHNICAL LIBRARY AI IJQUEIQUE, MM 07106I STRATEGIC AIR COllARD AVIV TECH LIE

0 OFFU’PT API, NB 68113 1054 CORPORATION , TEE ATTN 1. WAYNE DAVIS
- 

- AVIV NRI-STINPO LIBRARY 70 lOX 9274 ATTN K. I~~ATTN DEE, FRANK N. BOUSHA ALBUQUE~~~ E INTERNATIONAL
ATTN EElS, HAG BRIAN STEPIIRN ALBUQUERQUE , 104 87119 BG$G , INC .

All’S TECH LII ALBUQUERQUE DIVISION
DIVISION CF MILITARY APPLICATION 90 BOX 10218
US ENERGY RSCN S DLV ADNIN DOLING COIPABY, THE ALBUQUERQUE, ill 67114
WASHINGTON , DC 20545 70 BOX 3707 ATTN TECCIXCAL LIBRARY

ATTN TECHNICAL LIBRARY SEATTLE , WA 98124
F 

0 
API’S HOWARD V. WICKIRnI , 515 17-11 ESL, INC .- - 

EG$G , INC . ATTN 0. E. 15)51,1. 495 JAVA DRIVE
LOS ALAI4OS DIVISION ATTN DAVID DYE, HE 87-75 SUNNYVALE , CA 94086
70 BOX 809 ATTN DAVID ~~~lLE ATTN TECHNICAL LIBRARY
LOS ALAMOS, 501 85544 ATTN AEEC6PACE LIBRARY

ATTN TECH LII EXP AND MATH PHYSICS CONSULTANTS
BOOS-ALLEN AND HAMILTON , INC . P. 0. BOX 66331

ONIVENSITY OF CALIFORNIA 106 APPLE STREET LOS ANGELES , CA 90066
• IAI~~~~ CE LIVZ~~~ RR LABORATORY TINTON FALLS , NJ 07724 ATTN THOMAS N. JORDAN

-.0 P.O. BOX DOS AViV TECH LIIt LTVERNORE , CA 94550 ATTN P. J, CHRISNER FORD AEROSPACE S C01IIUNICATIOHS
ATTN E. K , MILLER, L-156 OPERATIONS
ATTN F~~~ ZPICF R, KOVAR, 1-31 BROWN ENGINEERING CCIIPAIIY , INC. FORD & JAMBOREE ROADS
ATTN HANS ~~~~~iU , L—96 CUMMINGS RESEARCH PARK NEWPORT BEACH , CA 92663
ATTN 1-153 , P.NNWT A , ANDERSON HUNTSVILLE, AL 35807 ATTN TECH INFO SECTION

• ATTN INLAND ~. LOQUEST , L-154 ATTN JOHN K , ICfQ.XI, HE LB ATTN HEN C. ATTINGER
ATTN TERRY R, CONION , 1-96 ATTN TECH LII, 51512, P. SHELTON ATTN I. a. PONCELET, JR.
ATTN TECH INFO LII?, 1-3
ATTN WILLIAM .7. B~~*N, 1—531 BURROUGES CORPORATION GARRETT CORPORATION
ATTN DONAlD .1. ~~~ HER , 1-545 FEDERAL AND SPECIAL SYSTEMS GiWP 70 lOX 92248 , SEPULVEDA BLVD
ATTN LOUIS F. VCIJTIRS, L-45 CENTRAL AVE AND MElT! 252 LOS ANGELES, CA 90009

P0 BOX 517 ATTN ROB?. HEIR, DEPT . 93—95 - LOS ALNIOS SCIENTIFIC LABORATORY PAOLI , PA 19301 ATTN TECH LI)
P.O. lOX 1663 AVIV ANGELO J. HAURIELLO
LOS ALMIOS, III $7545 ATTN TECH LII GENERAL ELECTRIC COMPANY

ATTN REPORTS LiBRARY TEMPO-CENTER FOR ADVANCED STUDIES
ATTN ARIVUR FRED) CALSPAJ1 CORPORATION 816 STATE STREET (P0 DRAWER QQ)
ATTN RICHARD L. WAWIELD PC BOX 235 SANTA BARBARA , CA 93102

BUFFALO , NY 14221 ATTN OASXAC
SANDIA LABORATORIES ATTN TECH LIBRARY ATTN ROYDEN R. RUTHERFORD
90 BOX 5800

- - ALBUQUERQUE, MM 87115 CHARLES STARK DRAPER LABORATORY INC. COIERAL ELECTRIC COMPANY-TEMPO
AVIV OBO 9353 , R. 1. PARRER 555 TECHNOLOGY SQUASH ANN , DASIAC
ATTN 3141 SANDIA ER? COIL CAIIBRIDGE, NA 02139 C/O DEFENSE NUCLEAR AGENCY• I ATTN TEllER V. IIAMi4AJI ATISI TECH LII WASHINGTON, DC 20305
ATTN GERALD V. BARR, 1114 ATTN HENNETN FERTIG ATTN WILLIAM ALFONTE
ATTN DIV 5231 , JAMES H , REIIHEN

COMPUTER SCIENCES CORPORATION GENERAL RESEARCH CORPORATION
SMION CARBIDE CORPORATION P.O. BOX 530 P.O. BOX 3587

- HOLIPIELD HATEGNAL LABORATORY 6565 ARLINGTON BLVD SANTA BARBARA , CA 93105- , P.O. BOX H FALLS aEIRCR , VA 22046 ATTN TECH INFO OFFICE
ORE RIDGE, TN 37830 ATTN TECH LII AVIV JOHN 155, JR.• I *111 PAUl, R . BARBEl

• All’S TECH LIBRARY

-

~~~~ 1 31.

4,

____ _0_



-~~~~r - n-,-- rr~~~~~ —~~---~~- -~~~~

DISTRIBUTION (Cont ’d)

-
~~~ I GEORGIA INSTITOTE OF TECHNOLOGY JOHNS HOPKINS UN IVERSITY MISSION RESEARCH CORPORATION-SAN DIEGOGEORGIA TECH RESEARCH INSTIYDTE APPLIED PHYSICS LABORATORY P.O. BOX 1209ATLANTA , GA 30333 JOHNS HOPKINS ROAD Wi JOLLA , CA 92038ATTN R. CURRY LAUREL , MD 20810 ATTN V . A 7. VAN LINT

ATTN TECH LIB
GTE SYLVANIA , INC . MITRE CORPORATION , THE
ELECTRONICS SYSTEMS GRP-EASTERS DIV KAMAN SCIENCES CORPORATION P.O. BOX 208
77 A STREET P.O. BOX 7463 BEDFORD , MA 01730NEEDHAII , MA 02194 COLORADO SPRINGS , CO 80933 ATTN LIBRARY

ATTN CHARLES A . THOPNHILL , LIBRARIAN ATTN LIBRARY ATTN THEODORE .YARVIS
ATTN LEONARD L. BLAISDELL ATTN .7. K. CURRY ATTN N. F. FITZGERALDATTN JAMES A. WALDOH ATTN DONALD H. BRYCE

ATTN ALBERT P. BRIDGES NORTHROP CORPORATION
GTE SYLVANIA , INC. ATTN N. FOSTER RICH ELECTRONIC DIVISION
189 B STREET ATTN WALTER E . WARE 1 RESEARCH PARK

- - NEEDHAM HEIGHTS , MA 02194 ATTN JERRY I, WBELL PAWS VERDES PENINSULA , CA 90274- 4 ATTN CHARLES H . RAMSBOTTOM ATTN TECH LID
ATTN A S H DEPT , S. E . PERLMAN LITTON SYSTEMS , INC.
ATTN DAVID P . FLOOD AMECOM DIVISION NORTHROP CORPORATIONO ATTN COMM SYST DIV. EMIL P. MOTCHOK 5115 CALVERT ROAD NORTHROP RESEARCH AND
ATTN HERBERT A. ULIMAN COLLEGE PARK , MD 20740 TECHNOLOGY CENTER
ATTN H & V GROU P , MARIO A, NUREFORA ATTN TECH LIB 3401 WEST BROADWAY

HAWTHORNE , CS. 92050 —• HARRIS CORPORATION LOCIGIEED MISSILES AND ATTN LIBRARY
HARRIS SEMICONDUCTOR DIVISION SPACE COM PANY , INC . ATTN DAVID N. POCOCKP .O. BOX 883 P.O. BOX 504
MELBOURNE , FL 32901 SUNNYVALE , CA 94088 NORTHROP CORPORATION

- - A TTN C. F. DAVIS , MS 17—220 ATTN DEPT 85-85 , SAMUEL I. TAIMUTY ELECTRONIC DIVISION-4 ATTN WAYNE E. ABASE , MS 16-111 ATTN 0. F. HEATH , D/81-14 2301 NEST 120TH STREET
• ATTN T. CLARK , MS 4040 ATTN BENJAMIN T. KINURA , HAWTHORNE , CA 90250

ATTN TECH LID DEPT 81-14 , ATTN VINCENT R. DEWARTINOATTN CHARLES DENTON , JR ., MS 1-500 ATTN PHILIP .7. HART , DIP’? 81-14 ATTN JOHN N. REYNOLDS
ATTN SEVIN MCCARTHY 0-85-71

HONEYWELL INCORPORATED ATTN EDWIN A. SMITH , DEPT 85-85 PHYSICS INTERNATIONAl COMPANYAVIONICS DIVISION ATTN TECHNICAl LIBRARY 2700 MERCED STREET
13350 US HIGHWAY 19 NORTH ATTN L—365 DEPT 81—20 SAN LEANDRO , CA 94577ST . PETERSBURG , FL 33733 ATTN ROSSI , DEPT 81-64 ATTN TECH Ill

ATTN TECHNICAL LIBRARY ATTN JOHN H. HUNTINGTON
ATTN HARRISON H . NOBLE, MS 725-511 M.I.T . LINCOLE LABORATORY

- . - P .O. BOX 73 PULSAR ASSOCiATES , INC.lIT RESEARCH INSTITUTE LEXINGTON , MA 02173 7911 HERSCHEL AVENUE
10 WEST 35TH STREET ATTN LEONP. L000HLIN , LIBRARIAN LA JOLLA , CA 92037

- - CHICAGO, IL 60616 ATTN CARLETON H. JONES
ATTN TECHNICAL LIBRARY MARTIN MARIETTA CORPORATION
ATTN IRVING N. MINDEL DENV~ P DIVISION R & 0 ASSOCIATES
ATTN JACK E. BRIDGES PC BOX 179 90 BOX 9695

DENVER , CO 80201 MARINA DEL KEY , CA 90291INSTITUTE FOR DEFENSE ANALYSES ATTN RESEARCH LII, 6617 , ATTN TECHNICAL LIBRARY400 APIIY-NAVY DRIVE .7. K. MCKEE ATTN S . CLAY ROGERSARLINGTON , VA 22202 ATTN BEN T. GRAHAM , MS P0-454 ATTN WILLIAM R. GRAHAM , JR.ATTN IDA , LIBRARIAN , ATTN LEONARD SCNLESSIHGER- -
- NUTh S • SMITH MAXWELL LABORATORIES , INC • ATTN CHARLES HO

9244 BALBOA AVENUE ATTN RICHARD A. SCHAEFER
ZR’? CORPORATION SAN DIEGO , CA 92123 ATTN WILLIAM .7. KARZAS
P .O. BOX 81087 ATTN TECH LID ATTN GERARD K. SCHLEGELSAN DIEGO , CA 92138 ATTN VICTOR FARGO

ATTN R. L. HERTZ RCA CORPORATION
ATTN TECHNICAL LIBRARY MISSION RESEARCH CORPORATION GOVERNMENT SYSTEMS DIVISIONATTN MDC 735 STATE STREET ASTRO ELECTRONICS

SANTA BARBARA , CA 93101 PO BOX 800 , LOCUST CORNERJAYCOR ATTN TECH LID EAST WINDSOR TOWNSHIP1401 CAIIINO DEl. MAR ATTN CONRAD L, LONGMIRE PRINCETON , NJ 09540DEL MAR , CA 92014 ATTN WILLIAM C. HART ATTN TECH LII
ATTN ERIC P . WENAAS ATTN DANIEL P. HIGGINS ATTN GEORGE .7, BRUCKER
ATTN RALPH N. STAHL

MISSION RESEARCH CORPORATION ROCKWELL INTERNATIONAL CORPORATION
JAYCOR P.O. BOX 8693, STATION C P.O. BOX 3105
205 S WNITTING STREET, SUITE 500 ALBUQUERQUE, 184 87108 ANAHEIM, CA 92803
ALEXANDRIA , VA 22304 ATTN LARRY D. SCOTT ATTN N , .7, RUDIE , FA53ATTN CATHERINE TURESKO ATTN TECH LID ATTN .7. L. MONROE , DEPT 243-027,ATTN ROBERT SULLIVAN ATTN DAVID S. MEREWETHER DIV 03).

ATTN 1.. APODACA , FA53
ATTN K. F , NULL
ATTN TECHNICAL LIBRARY
ATTN GASSES S. BELL, HAlO• ATTN DONALD .7. STEVENS , FA7O

32

~~

_ 

I
- -



1~
-

DISTRIBUTION (Cont’d)

SCIENCE APPLICATIONS, INC . TRW DEFENSE S SPACE ITS ~~~IJPF t 90 BOX 2353, ONE SPACE PARKI. LA JOLLA, CA 92038 REDONDO BEACH , CA 90278
ATTN TECHNICAL LIBRARY ATTN TECH INFO ~~~ITER,PS-1930r 1 ATTN LEWIS N , LINSON ATTN ROBERT N. WEBB , NE Ri-liSOATTN R . PARKINSON ATTN AARON H, NAREVIXY , 81-2144

SCIENCE APPLICATIO NS , INC . TEN DEFENSE & SPACE SYS G~~~TPHUNTSVILLE DIVI SION SAN BEENARDINO OPERATIONS2109 N. CLINTON AVENUE 90 BOX 1310
SUIT! 700 BAll BERNARDINO, CA 92402
HUN’TSVILLE, AL 35805 ATTN F. B. PAY

ATTN NOEL R. BYRN
ATTN TECH LIB VECTOR RESEARCH ASSOCIATES

735 STATE STREET
SCIENCE APPLICATIONS , INC. SANTA BARBARA , CA 93101
90 BOX 3507 ATTN V. A, RADASEY
ALBUQUERQUE , 55-5 87110

ATTN RICHARD L, ICHIGHT MARRY DIAMOND LABOFsATOPXS$
ATTN .7 .RDGER HILT, ATTN RAMSDEN , JONN 3., GOL, ~~~I~A310ERj- 

FLYER , I.W./LA~~~IS, 9.5.1SCIENCE APPLICATI09IS, INC. SSEI~~R , 51,/OSWALD, A. B.r 8400 WESTPARX DRIVE A’1’1TI CANTER , N.E. • DR., TECHNICALMCLEAN, VA 22101 DIRECTOR/MANCUS, 5.54,ATTN WILLIAM L. DAADSEY ATTN KIII~~~ , S., PRO
ATTN CHIEF, 0021

O 
- SIMULATION PHYSICS , INC. ATTN CHIEF , 0022

P.O. BOX D ATTN CHIEF, LAD 100
- ., 

~~~ FORD, NA 01730 ATTN CHIEF , LAB 200
ATTN .70MM A. UGLUM ATTN CHIEF , LAB 300

ATTN CHIEF , LAB 400
STANFORD RESEARCH INSTITUTE ATTN CHW, LAB 500
3980 EL CAMINO REAL ATTN CHIEF, LAB 600
~AW ALTO, CA 94306 ATTN CHIEF , DIV 700
ATTN MR . PHILIP DOLAN ATTN CHIEF, DIV 800
ATTN GEORGE CARPENTER ATTN CHIEF , LAB 900
ATTN ARTHUR LEE ImITSON ATTN CHIEF , LAB 1000
ATTN MEL BERNSTEIN ATTN RECORD COPY , BR 041

ATTN MDL LIBRARY (5 COPIES)
SYSTEMS , SCIENCE 1150 SOFTWARE ATTN CHAIRMAN , EDITORIAL ~~~~~ITrBEP.O. BOX 4803 ATTN CHIEF, 047
HAYWARD, CA 94540 ATTN ITCH REPORTS , 013

ATTN TECH LID ATTN PATENT LAW BRANCH, 071 ~- -
ATTN GIDEP OFFICE, 741

SYSTEMS, SCIENCE AND SOFTWARE , INC. ATTN LANHASS, C., 0021
90 BOX 1620 ATTN HONG, a,, 1000
LA JOLLA, CA 92038 ATTIC BEILFUSS , .7. V., 1010

ATTN TECHNICAL LIBRARY ATTN GRAY, A. F,, 1000
ATTIC WYATT, N. T., 1000

TEXAS INST55JMENTS, INC. ATTN WIMENITZ , F. N .,  00249,0 , BOX 6015 ATTN NXLETTA , 3. R ,, 1010DALLAS, TX 75222 ATTN TOMPKINS , .3. 5., 230
ATTN TECH LID ATTN SWETON , .7. F., 1000
ATTN DONALD- S. MB*JS, MS 12 ATTN KLEBERS , .7., 1000

WILSON , N, A , ,  1000 (10 COPTESI

. 1~

. 1  
;~~~~

, , ,

- -~~~~- - -~~~~~- 

. ‘
~

i— - __ •~
_
~
__ ,-~ -,--~~~~~~-- 

- 
—~~~~-~~- -- - -~~


