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.. -;;; theta Compton currents and for ionization rate were determined 
for nine source neutron energy bands, for five classes of 
neutron interaction including (1) neutron direct ionization by 
elastic recoil and charged particle production, and secondary 
gamma production by (2) high energy air reactions, (3) low 
energy air reactions, (4) high energy ground reactions, and 
(5) low energy ground reactions. Burst height dependence of the 
drivers was determined. Comparisons with experiment and 
previous theory are briefly discussed. Typical driver results 
are presented and discussed. The package allows flexible 
representation of any nuclear weapon neutron energy spectrum 
and choice of any burst height in the near-surface regime. 

UNCLASSIFIED 
2 

.•. 

\ 
.\. 
I 

) 

' 

\ 
·. 



: I 

l 
I 
I 

'.j 

I 
I 

. 
t' 
'· 

CONTENTS 

1. INTRODUCTION •••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

2. MOl'IVATION •••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

3. APPROACH•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

4. CURVE-FITTING PROCEDURE••••••••••••••••••••••••••••••••••••••••• B 

5. MINIMIZATION OF FIT ERROR•••••••••••••••••••••••••••••••••••••••12 

6. BURST HEIGHT DEPENDENCE OF FIT PARAMETERS•••••••••••••••••••••••20 

7. CCJotPARISON WITH LIQUID AIR EXPERIMENT•••••••••••••••••••••••••••21 

8. CCJotPARISON WITH EARLIER APPROXIMATION FOR 
IONIZATION BY 14-MeV NEUTRONS••••••••••••••••••••••••••••••••••22 

9. SELECTED RESULTS••••••••••••••••••••••••••••••••••••••••••••••••23 
'1 

10. CONCLUSIONS ••••••••••••••••••••••••••••••••••••••••••••••••••••• 31 

LITERATURE CITED••••••••••••••••••••••••••••••••••••••••••••••••33 

DlSTRIBUTION •••••••••••••••••••••••••••••••••••••••••••••••••••• 45 

APPENDICES 

A.--A 'IWO-POINI' QUADRATURE .SCHEME •• •• •• • •• •·•••• •••••• ••• •••••••• 35 

B. --DESCENT ALGORITHMS USED.• • • • • • • •·• • • • • •. • • • • • • • • • • • • • • • • • •••• 39 

FIGURES 

1 Fittinq alqorithm ••••••••••••••••••••••••••••••••••••••••••••••• 12 

2 Radial Compton current for 1-m burst height, 0-m observer 
height, and 1000-m ground range••••••••••••••••••••••••••••••••25 

3 Theta Compton current for 1-m burst height, 0-m observer 
heiqht, and 1000-m qround range••••••••••••••••••••••••••••••••26 

4 Ionization rate for 1-m burst heiqht, 0-m observer height, 
and 1000-m ground range••••••••••••••••••••••••••••••••••••••••26 

3 

LI 

·'' 



I 

CONTENTS (Cont'd) 

5 Radial Compton current for 1-m burst heiqht, 500-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••27 

6 Theta Compton current for 1-m burst heiqht, 500-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••27 

7 Ionization rate for 1-m burst heiqht, 500-m observer 
height, and 1000-m qround ranqe••••••••••••••••••••••••••••••••28 

8 Radial Compton current for 200-m burst heiqht, 0-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••28 

9 Theta Compton current for 200-m burst heiqht, 0-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••29 

10 Ionization rate for 200-m burst heiqht, 0-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••29 

11 Radial Compton current for 200-m burst heiqht, 500-m 
observer heiqht, and 1000-m qround ranqe ••••••••••••••••••••••• 30 

12 Theta Compton current for 200-m burst heiqht, 500-m 
observer heiqht, and 1000-m qround ranqe•••••••••••••••••••••••30 

13 Ionization rate for 200-m burst heiqht, 500-m observer 
heiqht, and 1000-m qround ranqe••••••••••••••••••••••••••••••••31 

TABLES 

1 Monte Carlo Data Olaracteristics •••••••••••••••••••••••••••••••• 7 

2 Effect of Minimizing Penalty Function 
for Ionization Rate••••••••••••••••••••••••••••••••••••••••••••19 

4 

,f• 



I 

l 
I 
i 

l 

. I 
. ~ 

1. INTRODUCTION 

Various Army electronic systems may be exposed to nuclear explosion 
effects in a tactical battlefield. Included among these nuclear effects 
is the nuclear electromagnetic pulse (EMP), which is a transient broad­
band electroma9netic field capable of damaging or upsetting electronic 
equipment. To predict the signature of the l!MP 9enerated by a nuclear 
burst, it is necessary to determine the physical parameters that induce 
the l!MP. These parameters, called l!MP drivers, are time and space 
varying ionization and Compton electron currents in the nuclear radia­
tion field around the burst. Once the ionization and the currents are 
specified, it is usually possible to solve some form of Maxwell's equa­
tions for the l!MP generated. This report summarizes the development of 
a software package specifying EMP drivers produced by neutrons emitted 
from a near-surface burst in the air. 'l'he package was designed for use 
with the NEMP computer code used at the Harry Diamond Laboratories 
(HDL). A separate reportl summarizes the development of a similar 
software package for EMP drivers due to prompt gamma radiation. 

2. MOTIVATION 

The l!MP drivers are due to one component arising from prompt gamma 
radiation and a second component arising from neutron radiation. The 
neutron component includes elastic recoil ionization (frequently called 
"heating") by air constituent nuclei and also includes effects of 
secondary gamma radiation produced by a number of neutron capture and 
inelastic collision reactions in the air and the ground. The develop­
ment of l!MP drivers by secondary gamma rays is physically similar to the 
development for prompt gamma radiation, although the magnitude, the 
direction, and the time dependence are markedly different. 

Maxwell's equations for EMP fran a near-surface burst are solved by 
the NEMP computer code.2 1 3 '!be NEMP code requires EMP drivers to be 
specified in a vol\111\e extending to several kilometers fran the burst 
point and for times extending to many milliseconds after the instant of 
burst. The EMP drivers must be incorporated into the code as smooth 
fits to results of quasi-analytic or Monte carlo predictions. The HEMP 

lrtilliam T. Wyatt, Jr., A Near-surface Burst EllP Driver Pack.age for 
Prompt Gamma-Induced sources, Harry Diamom Laboratories HDL-TR-1931 
(1980). 

2H. J. IDrqley, c. L. IDrqmire, and K. s. Snith, DeVelopment of NEllP 
(U), Mission Research a:>rp., Santa Barbara, CA, HDL-CR-75-001•1 ( AprJ.l 
1975). (SECRET-RESTRICTED DATA) 

3H. J. IDrqley and K. s. Snith, Developments in NEHP for 1977 (U), 
Mission Research CX>rp., Santa Barbara, CA, HDL-CR-77-0022-1 (January 
1978). (SECRET•-RESl'RIC'l'ED DATA) 
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code in many respects is an extension of the LEMP computer code4 for EMP 
from surface bursts, which was initially developed from about 1966 to 
about 1969. The EMP drivers in the earlier LEMP code could have been 
modified and used in the NEMP code with certain limitations. 'l'hese 
limitations are discussed briefly, and reasons are given for the impor­
tance of the new results reported here. 

In this study, the neutron-induced PMP drivers are divided into five 
categories: (1) neutron elastic (recoil) ionization, (2) fast neutron 
air inelastic collision (n,n'y) drivers (both Compton electron currents 
and ionization), (3) fast neutron ground inelastic collision (n,n'y) and 
capture (n,y) drivers, (4) thermal neutron qround capture (n,y) drivers, 
and (5) thermal neutron air capture (n,y) drivers. Of these, one would 
expect the NEMP geometry to introduce complications to LEMP code 
prescriptions for categories (1), (2), and (4), since the proximity of 
the growid is different. Category (5) was not treated originally by the 
LEMP code. Category (3) would be quite different for the NEMP code and 
probably of reduced magnitude. However, the cross sections for most of 
the above reactions have been subjected to concentrated study and revi­
sion with the advent of the Evaluated Nuclear Data File (ENDF-B, 
distributed Brookhaven National Laboratory, Brookhaven, NY). It is 
likely that new neutron transport studies based on recent ENDF-B cross 
sections would produce results different fran those upon which the LEMP 
code neutron-induced EMP drivers were based. Further, by omission of 
the thermal neutron air capture (n,y) drivers, the LEMP drivers were 
limited to times less than about 1 ms after the burst. 

'l'he LEMP authorsS developed a newer and much more c<>lllplete prescrip­
tion of categories ( 1) through (5) based on results of Sargis and 
others.6 Factors weighing against the use of these prescriptions in the 
NEMP code include the following: First, a newer revision (Round 3) of 
ENDF-B was released in 1973. Second, the only burst heights considered 
by Sargis were O, 200, and 500 m, whereas the NEMP code operates princi­
pally at tactical burst heights between 0 and 200 m. Third, the new 
LEMP EMP driver curve fits were considered by this writer to neglect 
certain important ground-air interface effects such as time-dependent 
depletion and enhancement. Fourth, the transport results6 were based on 

i+H. J. Ulngleg and c. L. Ulngmire, Development and 'l'esting of I.BHP l, 
~ Alamos Scientific Laboratory, NH, LA-4346 (April 1970). 

SH. J. Ulngleg, c. L. Ulngmire, J. s. Halik, R. H. Hamilton, R. N. 
Harks, am K. S. smith, Development am 'l'esting of LEllP 2, A 5urface 
Burst BMP Cbde (U), Hission Research Cbrp., 5anta Barbara, CA, DNA 4097'1' 
(December 1976). (<XJNFIDEN'l'IAL) 

60. A· sargis, E. R. Parkinson, J. N. flood, R. E. Dietz, and c. A. 
Stevens, Late-'l'ime sources·tor Close-In EllP, Science Applications, Inc., 
La Jolla, CA, DNA 3064F (August 1972). 
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"energy grouped" cross sections, whereas a "point" cross-section treat­
ment should be more accurate at deep penetrations. Fifth, a single 
typical source neutron enerqy spectrum was used in the LEMP drivers, 
with a parameter available for adjusting the concentration of hiqh­
enerqy (14-MeV) neutrons; a more desirable package would allow flexible 
representation of arbitrary source neutron enerqy spectra. 

For these reasons, new fobnte Carlo transport calculations have been 
done to describe more accurately the neutron-induced DIP drivera.7 'l'he 
extent of these calculations is s'lmHrized in table 1. Edited results 
of these calculations were tranSlllitted to this writer on computer magne­
tic tape and used to derive the EMP driver software paclcaqe reported 
here. 

source neutron 
energy band 

(MaV) 

o.o to 0.11 

0.11 to o.ss 

o.ss to 1.11 

1.11 to 1.93 

1.83 to 2.35 

2.35 to 4.07 

4.07 to 6.36 

6036 to 8.19 

a.19 to 15.o 

TABLE 1. 'IONTE CARLO DATA CllARACTIRISTICS 

Time bin 
boundary 

<•> 
o.o to 1.01-11• 

Burst 
heiqht 
I•) 

1.0(-7) to 2.151•7) SO 

2.15(-7) to 4.641-7) 100 

4.64(•7) to 1.0(-6) 200 

1.0(-6) to 2.15(-6) 

2. 15(-6) to 4.64(-6) 

4.64(•6) to 1.0(-5) 

1.0(•5) to 2.15(-5) 

2.15(-5) to 4.64(-5) 

4.64(-5) to 1.0(-4) 

1.01-4> to 2.15(-4) 

2.15(-4) to 4.64(-4) 

4.64(-41 to 1.0(-3) 

1.0(.-3) to 2.15(-3) 

2.15(-3) to 4.64(•3) 

4,64(-3) to 1.01-21 

1.01-2> to 2.15(•2) 

2.15(-2) to 4.64(-2) 

4.64(-2) to 1.01-11 

DIP 
driver 

Neutron direct ionisation 

Higb-ene1'9Y air, radial current 

Hiqh-enerqy air, theta current 

High·enerqy air, ionization 

Low-energy air, radial current 

t.ow-enerqy air, theta current 

Low-enerqy air, ionization 

Hiqh•enerqy qround, radial current 

Higb-enerqy ground, theta current 

High-enerqy qrouncl, ionisation 

Low·-rqy ground, radial cwrent 

Low-enerqy ground, theta current 

Low-energy ground, ionisation 

7H. s. Schechter am If. O. Cl:>hen, Energy Deposition Rates am O>mpton 
Blectron currents from I.ow-Altitude Bursts as a Function of .st>urce 
.Energy, Mathematical Applications Group, Inc., El111Sford, NY, HDL-CR-77-
020-l (November 1971). 
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3. APPROACH 

The edited results of M:>nte carlo calculations contain statistical 
fluctuations inherent in the M:>nte carlo method. The NEMP code demands 
smooth prescriptions of the !MP drivers to obtain useful results. One 
may attempt to fit smooth general functions (such as polynomials) to the 
M:>nte carlo results by a least-squares fitting technique, for example, 
or one may attempt to fit the M:>nte Carlo results with certain appro­
priate anooth fW'lctional forms. By using a polynomial of sufficiently 
high deqree, the former technique may allow the M:>nte Carlo results to 
be fitted lllOre faithfully than the latter, but the closer fit may mean 
that the •noise" is being fitted instead of the underlying smooth "true 
answer." The same difficulty can arise by using the latter technique if 
too many deqrees of freedom are permitted. O'l the other hand, if the 
polynomial deqree is not high enough, the fit may be a poor 
represer.tation of the true answer. In general, however, using 
appropriate smooth functional forms will involve far fewer degrees of 
freedom than using general functions if the functional forms are well 
chosen and if the fit is a global fit over the entire space-time volllllle 
of interest rather than a piecewise fit over many smaller subdivisions 
of the space-time volume. 

The strength of the technique of using well-chosen functional forms 
is that physical variables usually do behave according to relatively 
simple physical principles that are approximately described by rela­
tively simple functional forms. A global fit of properly chosen func­
tional forms to Monte carlo results could reduce the error below the 
statistical error of the Monte carlo calculation. The fitting algorithm 
should heavily weight low-variance results over high-variance results to 
reduce the error. 

The new edited Monte carlo results for neutron-induced !MP drivers 
consist of three physical quantities (energy deposition and radial and 
polar components of Compton electron current) defined for 19 time inter­
vals within 63 spatial volume detectors, for five categories of reaction 
(recoil, air inelastic, etc.) , four burst heights, and nine source 
neutron energy bands (table 1). There are 646,380 quantities to be 
fitted. Apparently, the fitting algorithm must be highly automated to 
allow useful results to be obtained with a realistic investment of human 
effort. 

4. CURVE-FITTING PROCEDURE 

Thirteen distinct functions describe the time and space dependence 
of 13 BMP drivers: 
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(1) Ionization in the air from neutron elastic collisions and 
charqed particle production (such as (n,p) and (n,a) reactions that 
deposit kinetic energy locally) 

(2) Radial Compton electron current in the air (measured in the 
polar coordinate system centered at the burst) d\ie to high-energy neu­
tron reactions in the air (neutron energy more than 0.1 MeV) 

( 3) Polar Compton electron current in the air for the same as ( 2) 

(4) Ionization in the air for the same as (2) 

( 5) Radial Compton electron current in the air due to low-energy 
neutron reactions in the air (neutron energy less than 0.1 MeV) 

( 6) Polar Compton electron current in the air for the same as ( 5) 

( 7) Ionization in the air for the same as ( 5) 

(8) Radial Compton electron current in the air (measured in the 
polar coordinate system centered on the qround beneath the burst) due to 
high-energy neutron reactions in the ground 

(9) Polar Compton electron current in the air for the same as (8) 

( 10) Ionization in the air for the same as (8) 

( 11 ) Radial Compton electron current in the air due to low-energy 
neutron reactions in the ground 

( 12) Polar Compton electron current in the air for the same as ( 11) 

( 13) Ionization in the air for the same as ( 11) 

Drivers (2), (3), and (4) are due principally to high-energy inelas­
tic collisions with atmospheric nitrogen. Drivers (5), (6), and (7) are 
due to thermal capture by atmospheric nitrogen. Drivers (8), (9), and 
( 10) are due to inelastic collisions with the ground and fast neutron 
capture by the ground. Drivers (11), (12), and (13) are due to thermal 
neutron capture by the ground. 

A mathematical notation is used to simplify the succeeding discus­
sion. The vector functional F represents the drivers. F is dependent 
on time (t) and space (x,y,z). SUbscript d rwming frOlll 1 to 13 denotes 
which of the drivers is represented: 
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Time t is the local time, retarded by the speed of light from the 
coordinate center. 

'lhe functional Fd is a 
number, nd' of parameters P• 

functional form incorporating a certain 
This is written as 

Fd(t,x,y,z;pdi) 

where pdi' i = 1 to nd' is interpreted as the parameter vector of length 
nd for driver d. In general, nd is not the same for different d, but is 
approximately 10 in this report. 

Parameters pdi are evidently dependent on the energy of the source 
neutrons producing the drivers and on the height of burst. other varia­
bles are ignored, such as variations in water content of the air and the 
ground and variations in ground composition. The parameters may then be 
written 

or 

pdij (h) 

where j denotes the ordinal of the source neutron discrete energy band 
and h is the height of burst. In this way, p is a discrete function of 
the source neutron energy (band) and a continuous function of the height 
of burst. It thus appears that the DIP driver fits 

Fd(t,x,y,z;pdij) 

are defined when parameters pdij are evaluated for a specific height of 
burst, 

Pdij = Pdij(h) 

The total nmaber of functions pdij(h) to be determined is 

9 

Since nd "" 10, this total is roughly 1100. 'lhua, there are over a 
thousand such functions to be specified. Determination of this many 

· functions was a formidable undertaking and required considerable 
computer time (about 40 hr on an IBM System/370 Model 168). 
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'Dle following strategy was adopted: 

a. Through previous experience supported by trial and error, 13 
functional forms were constructed to constitute driver functionals Fd. 
These were functions of time and space and were based on a certain 
number, nd, of parameters. 

b. Monte carlo predictions for the 13 drivers were available as 
functions of ti.me for each of 63 spatial volme detectors around the 
burst for each combination of four burst heights and nine source neutron 
energy bands. For a particular source neutron energy band, each driver 
functional was fitted to the time and space dependence of the M:>nte 
Carlo data, for each of the four sets of data corresponding to the four 
heights of burst (1, 50, 100, and 200 m). 'Dle fit was obtained through 
an optimization process by adjustment of each of the nd parmeters for 
the driver. 

c. Four values , Pdij<hk), k = 1 to 4, were thus derived for 
each parameter pdij corresponding to the four heights of burst. 'Dlese 
four values were approximated by simple functions of the height of 
burst. In some cases, a constant function was used1 in other cases, a 
rational fraction was used. Certain constraints were imposed on the 
rational fraction to insure satisfactory behavior of the approximation. 

d. Since parameter functions pdij(h) only approximated values 
Pdij<hit>, k • 1 to 4, it was desirable to readjust the amplitudes of 
the driver functionals Fd(t,x,y,z1pdii(h)} to obtain a closer fit to the 
Monte carlo data. Since the amplitu'Cle was by choice one of the param­
eters--specifically, pd11 , this readjustment involved simply reoptimi­
.zin9 the fit to the Monf.e Carlo data by adjustment of this one param­
eter, pd1j. Once this adjustment was done for each of the four heights 
of burst, amplitude para.!fteter function pd1j(h) was refitted to these 
four improved values for Pd1j(hk)• 

e. This cOll\pleted the definition of all 
pdij(h) for a particular neutron energy band, j. 
repeated for each of the nine energy bands. 

parameter functions 
Process b to d was 

This strategy was implemented through the use of two specially 
developed cOll\puter codes, BIGFIT and HOBFIT. BIGFIT performs a qlobal 
minimization (that is, simultaneously over all volume detectors and time 
bins) of an error function estimating the "badness of fit" of driver 
functionals Fd to the Monte Carlo data... HOBFIT approximates the burst 
heiqht dependence of parameter values Pdij(hk) with either a constant 
function or a rational function. BIGFIT performs the minimization for 
specified parameters of the functional. In practice, the specified 
parameters were usually either the amplitude parameter only or all 
parameters of the functional. 

11 
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'lbe curve-fitting procedure is illustrated in figure 1. 'Ibis proce­
dure was performed for each source neutron energy band and each driver 
functional, or 9 >C 13 • 117 times, except where the driver was exactly 
zero for an energy band. (For example, no high-energy neutron reactions 
can occur for a low-energy source neutron.) First, starting with trial 
guesses for the parameter values, BIGFIT was run four times (once for 
each burst height) to fit the driver 
functional to the Monte carlo data 
for that case. All parameters were 
adjusted to obtain the fit. The 
functional parameter values so de­
termined were stored in temporary 
data file FITFILE. Second, HOBFIT 
obtained functions approximating the 
burst height dependence of the 
parameters stored on FITFILE, saving 
these functions on permanent data 
file HOBFILE A. Third, the param­
eter functions were evaluated at the 
four burst heights, and the result­
ing parameter values were used as 
BIGFIT was rerun four times (once 
for each burst height) to fit the 
driver functional to the Monte Carlo 
data, this time adjusting only the 
amplitude parameter of the func­
tional. The four amplitude param­
eter values so obtained were stored Figure 1• 
in temporary data file AMPFIT. 
Fourth, HOBFIT obtained a function 
approximating the burst height de-
pendence of the revised amplitude 
parameter values on AMPFIT, saving 
this function on permanent data file 
HOBFILE B. Thus, the final ampli-
tude parameter fits are stored on 
HOBFILE B, and the other parameter 
fits are stored on HOBFILE A. 

S • MINIMIZATION OF FIT ERROR 

----__ ,._ 
-1111.llY_ .. __ _ 
_ .. 1111.llY-

"'--­•1111.-

-----­·--__ .. __ , 
_ .. _ ------­·-----­·--

Fitting algorithm. Final 
amplitude parameter fits 
are created on HCmFILB 
B. other parameter fits 
are created on HOBFILE 
A. This algorithn is 
applied to each driver 
for every source neutron 
energy band. 

The goal of the curve-fitting procedure in this work is to obtain a 
global fit to the Monte Carlo data for the EMP drivers-that is, to fit 
a single functional to the data over the entire space-time grid of 
volume detectors and time bins. The global fit is desired rather than a 
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piecewise fit to the space or time dependence of the data. For a global 
fit, a penalty function is constructed that measures the suitably 
weighted error or the disagreement between the data and the curve fit. 
The curve fit is .improved by reducing the magnitude of the penalty 
function by adjustment of the fit parameters. A best fit is obtained 
when the penalty function arrives at a (minimum) extremun. The penalty 
function is a function of the several parameters for the driver func­
tional and, with suitable smoothness, is amenable to minimization by 
standard optimization algorithms. 

To illustrate the curve-fitting procedure, a specific example of a 
driver functional is examined. Neglecting air density and mass-scaling 
effects for simplicity of presentation, the functional for ionization by 
high-energy neutron inelastic collisions in the atmosphere (that is, 
"air inelastic" gamma ray production) is 

I(x,y,z,t) = P1ACD 

where 

x,y,z = cartesian coordinates of the observer measured frOlll the 
coordinate center on the ground beneath the burst, 

t = retarded time at the point (x,y,z"), 

z" = z - h, 

h = burst height, 

P1 = amplitude parameter, 

A • 1 - p2 exp(-zp
3
), 

c • exp(•tp~)/(tPs + p
6
), 

D • exp(-rp
7
)/(r2 + p

8
), 

r .. [ x2 + y2 + ( z') 2] 1/2 • 

T"nis particular driver functional is relatively simple and incorpo­
rates range attenuation factor o, time dependence factor c, and ground 
depletion factor A. 'l'hese factors are typical of other driver func­
tionals, as well, although other functionals may alao include time­
dependent or range-dependent ground depletion (or enhancement) 
factors. Different time-dependence factors are used alao. 
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In this functional, eight parameters are used so that the penalty 
function is a function of eight variables. The penalty function is 
defined as function P of parameter vector Pie' k • 1 to 8: 

where the S'lnlllation is performed over all i and j and where 

i 

j 

= a volume detector index running from 1 to 63, 

= a time bin index running from 1 to 19, 

= the driver Monte carlo score in the ith detec­
tor and jth time bin, 

= the integral, over the ith detector and jth 
time bin, of driver functional 
F(xi,yi,zi,tj;pk) (d subscript omitted from F) 
evaluated for parameter vector ~· 

= a nonnegative weight fac:t.*l' defined as 
2 "2 

Wijfilfij' 

= the total ionization score in the ith detector 
and the jth time bin due to all drivers (for 
ionization, these are high and low energy n-y 
reactions in air and in ground and neutron di­
rect ionization), 

a a user-defined nonnegative weight function an­
phasizing the importance of certain spatial 
regions (typically, about 10.0 near the ground 
and decreasing to about 0.25 to 1.0 at 1 Jan 
above the ground), 

= the variance of score fij• 

score fij would be reproduced exactly by integral f(xi,yi,zi,tj1~) 
if driver functional F were an exact fit to the driver and if the vari­
ance associated with Monte carlo score fi; were zero. In this instance, 
P(pk) would be zero. In actuality, fun~tional F is not an exact fit, 
and variance V is proportional to the square of a fractional deviation 
averaging about 20 percent for the data given. 
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It is apparent that minimization of P(pk) yields a weighted least­
squares fit. The use of the inverse of variance v ij increases the 
weight of low-variance Monte ca.rlo data, which is expected to be more 
accurate than high-variance data in inverse proportion to the 
variance. The use of ratio fh/tij causes the relative importance of 
this driver to be considered in comparison with all the other 
contributing drivers. If the ratio is small, the weight is diminished 
accordingly; if the ratio is near unity (that is, no other driver is 
contributing significantly) , the weight is maxinli.zed. User-defined 
factor wi is used to force the best fit to be obtained near the ground 
(large w1> and a moderately good fit far fran the ground (small wi). A 
very CJOOd fit near the ground is desired because most l!MP targets (that 
is, electronic systems) are found on or near the ground. 

To evaluate the quadruple integral, 

dx dy dz Ltj 

t.-1 
J 

, 

over detector volume Vi and time bin (tj_1,tj)' a numerical integration 
must be done. This nwnerical integration must be done efficiently 
because integral f must be evaluated 63 >< 19 • 1197 times for each 
evaluation of penalty function P. Penalty function P must typically be 
evaluated several hundred times to locate a useful minimum and the 
associated best fit. Thus, the numerical integration may be required 
about 105 times to complete one of the necessary 4 >< 13 >< 9 = 468 rwis 
of BIGFIT. This is about 107 integral evaluations for the entire fit­
ting problem. Evaluation of functional F requires roughly 10-3 s of 
computer central processor (CP) time, ao that about 1oi+N seconds of CP 
time are forecast if N evaluations of functional F are needed to obtain 
its nwaerical integral f. Clearly, N must be as near unity as possible 
to avoid prohibitive computer time requirements. Accordingly, a three­
point Gauss-Legendre quadrature was used for the time integration, and a 
special, highly accurate two-point Gaussian quadrature (with adjustable 
wei9ht function) was developed by this writer and used for the vol\De 
integration. Appendix A deacribes the two-point scheme. Several other 
techniques were used to reduce the overall CP time requirelllent to about 
40 hr for the entire curve-fitting project. 

With the penalty function thus defined for the driver functional, it 
is necesAry to minilllir:e the· penalty function by adjustment of the 
par•eter vector. A highly efficient minimisation algoritha is desired, 
in the Hnse of U11in9 the fewest possible evaluations of the penalty 
function. A nwaber of different minimisation algorithla were tested. 
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'l'he most efficient algorithm for this application was determined to be a 
modified conjuqate qradient method. This writer adapted the well-known 
conjuqate qradient methods to use finite differences to estimate the 
gradient matrix and to cycle indefinitely during a single descent proce­
dure instead of repeatinq the descent procedure after cycling once for 
each element in the vector of independent variables. A very efficient 
algorithm with quadratic convergence also was developed to search for a 
minimum alonq a chosen direction, in connection with the descent proced­
ure. Appendix B contains a listing of the FORTRAN version of these 
descent algorithms. It was found that minimization of the penalty 
function proceeded much more rapidly if amplitude parameter Pl were 
optimized analytically during evaluation of penalty function P(~). 

Optimum amplitude a (to minimize P(Pk) with respect to the amplitude 
parameter) can easily be shown to be trial amplitude ~ multiplied by 
the factor 

where, as previously explained, 
, 

fij • the data value for volume detector i and time bin j, 

f( ) = the corresponding value of the fit using a nonzero trial 
value (completely arbitrary) for p1, 

• corresponding complete weight function Wij/Vij used in 
penalty function P(Pk)• 

When P is chosen in this way to be a = bt and when the minimization of 
P(pk) ls done for the other pk exclusive of p 1, the minimization process 
is qreatly accelerated. 

Minimizinq the penalty function (that is, obtaining the best fit) 
can be interpreted geometrically as finding the bottaa of a hypersurface 
whose dimensionality is the number of functional parameters. An initial 
guess for the pk provides a starting point for the descent. Taking an 
initial quess that is close to the true bottom reduces the descent 
e:fort and helps keep the descent path out of undesirable local minima 
that are far from the true bottom (that is, the least mininna) • 
AlthoUqh the computer calculation was performed in double precision, it 

8R. Pletcher and C. If. Reeves, Function Minimization by Conjugate 
Gradients, Computer Journal,.:/.. (1964), l49-l54. 
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was learned that a minimum in the hypersurface takes on a rouqh, 
qranular texture in its shallowest portions due to roundoff errors in 
the calculation. This undesirable texture impedes the descent to the 
desired minimun. In general, the speed of descent is slowed by 
complexity or exceptional shallowness of the hypersurface. Greater 
complexity is typically caused by more parameters having higher poly­
nomial degree than quadratic (in a Taylor expansion of the penalty 
function) so that the descent requires more changes in direction. 
Shallowness increases in rough proportion to the nmlber of scattered 
data being fitted with the functional. For example, if the number of 
data is increased tenfold, but the data scatter (due to finite variance) 
is not reduced, the hypersurface becomes roughly 10 times shallower. It 
then becomes harder to find the precise bottom of the shallower 
surface. In this work, the penalty function hypersurface is both 
complex and shallow, and the success of the fittinq process depended 
critically on the efficiency and the robustness of the minimization 
procedures. 

'l'he initial quesses for the various sets of parameters PJc were 
usually taken from the optimal values of pk for adjacent source neutron 
energy bands or burst heights. After the optimum values for PJc were 
obtained for a particular de~cent, the importance of each parameter was 
tested. If elimination of a parameter caused a sizeable increase in the 
penalty function, that parameter was deemed important. If a negligible 
increase was observed, that parameter was deemed unimportant and was 
removed from the functional. The functionals for several drivers were 
considerably simplified in this way. 

An example of the effect of minimizing the penalty function is shown 
for one volume detector in table 2. 'l'he enerqy deposition (or ioniza­
tion) due to thermal neutron capture in the ground is given for volume 
detector 33, source neutron energy band 9 (8.19 to 15.0 MeV), and 200-m 
burst heiqht. Detector 33 is 600 to 900 m above the qround at 1200- to 
1500-m ground range from the burst. Table 2 qives these parameters: 

the time bin boundaries, 

fij' the Monte Carlo score in the detector, 

f, the optimal global fit score in the detector, 

fT' the trial global f.tt score in the detector, 

dij, the percentaqe of fractional deviation (due to the vari­
ance) of the Monte Carlo score for this driver, 

" d11 , the percentaqe of fractional deviation (due to the vari-
ance) of the Monte Carlo ecore for the &\ml of all drivers, 
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r, the percentage fraction of the total Monte carlo 
score, fij• due to this driver, fij (r = 100 fij/fij), 

e, the percentage of difference between the Monte Carlo 
score, fij' and the optimal fit score, f, 

e, the percentage of "error" in the total score contributed 
by optimal fit score f, 

eT' the percentage of difference between Monte carlo score 
fij and trial fit score fT, 

.... 
eT, the same as e, but evaluated for the trial fit score 

The goal of the fitting process is to make e as small as possible in 
each time bin. When r is larger, a better fit is needed to make e small 
and thereby make e small. Generally, e is desired to be roughly equal 
to or smaller than dij for each time bin. Since fractional deviation 
dij (due to the variance) is an estimate of the Monte carlo error, 
difference e between the fit and the Monte carlo score should be about 
equal to dij" '!bus, when dij ~s large, e may be large; when dij is 
small, e shoUld be small. In -tai:>le 2, time bins 11 through 13 have dij 
averaging 20 to 25 percent and e averaging about 10 percent; time bins 
15 through 18 have dij averaging 40 .... to 50 percent and e averaging about 
40 percent. The values for e and e appear to fluctuate approximately 
randomly about zero in time bins 8 through 19, as would be expected of a 
good fit to the data. The largest values for eT and i have been 
reduced by the fitting process to smaller values for e and e • 
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TABLS 2. IPFll:CT ar KINlKlZlllG PSllALTY PUICTION l"OR IONIZATION MTS, voiall: 
OllTllC'l'OR 33, NSlml!lll SllllRGY BAii> 9 ( 8. 19 TO 1 S.O ll•Yl, 200-
BUltBT llSIGllT 

Start of 
tt.e bin 

(•) 

o.o 

0.10000--06 

0.21500-06 

0.46400-06 

o. 10000-05 

0.21500-05 

o.4640o-o5 

0.10001>-04 

0.21501>-04 

o.46'0r>-o4 

o. 10001>-0l 

0.21500-01 

o.46400-03 

o. 10000-02 

o.21soo-02 

0.'6400-02 

o. 1000D-01 

0.21500-01 

0.46400-01 

o.o 

o. 70J7D-08 

o.o 

o.o 

o.o 

o.o 

o.o 

o.1a580-09 

o. J121D-09 

0.22020-09 

0.38230-09 

0.21210-09 

o. 12820-09 

0.35460-10 

0. 60821>- 11 

0.37940-11 

0. 13'91>-11 

o. u191>-12 

0.89020-12 0092830-12 

0.19100-11 

0.86550-11 o.90261>-11 

019050-10 0.19870-10 

O,tQSJ0-10 o.4uao-10 

0.83091)-10 0.86710-10 

o.15aao-o9 o. 16590-09 

0.26591>-09 0.27800-09 

0.36530-09 o.1e14!>-09 

0 • .0211>-09 0.41550-09 

o.36061>-09 0.35800-09 

0.25011>-09 0022550-09 

o. 11'30-09 0.85290-10 

o.1ouo-10 o. 19210-10 

0.87490-11 0063710-11 

O,JBU0-11 

0.16881>-11 o. 12830-11 

o.142ao-12 0,57110-12 

0.12620-12 0.25421>-12 

t iJ • t,,. lbnte Cir lo soore in t,,. detector. 

t • t,,. o,Ptillal glolNil tit score J.n the detector, 

tr • t,,. tri•l gloll.ol tit soore in t,,. detector. 

r 

9.3 o.o 

10.B 0.1 

11.4 o.o 

10.9 o.o 

9,9 o.o 

10.6 o.o 

9,4 o.o 

78.2 ,,. 7 0.2 

76.7 7. 1 0.3 

9,Q 1.0 

17.6 9.6 7,0 

20.9 9.2 26.8 

29.3 21. 7 80.6 

69.2 5a.4 e1. 1 

43.6 36.6 63,4 

so.J 28. 7 13,9 

39.2 25.5 27,7 

52.4 15.S 15,8 

35.0 

d J.J • ti. ,.rcent- ot traction81 deviation (due to the variance) 
ot ti. lbnte Carlo soore tor t,,..e driv.rs. 

d ij • ti. ,.rcent- ot tractiolMl devJ.atJon (due to the variance) 
ot t,,. lbnte Carlo soore tor tM aua ot all drivers. 

• • ti. ,.rcenteg• ot ditterence llet-n t 11 and f, 

• • re/ lOO • 

•r • t,,. ,.rcentege ot dJ.fterence llet-n t 1.J •nd tr• 

•r • re1,/Joo. 
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100.0 o.o 

-99.9 -0.1 

100.0 o.o 

100.0 o.o 

100.0 o.o 

100.0 o.o 

100.0 o.o 

-11.1 -0.1 

14.6 o.o 

45,3 0,4 

-5. 7 -0.4 

15.2 4.1 

-10.a -8, 1 

-15.o -12.6 

30.5 19.3 

29.S 4.1 

-55.5 -15.4 

-44.9 -7.1 

-1.1 -0.1 

100.0 o.o 

-99.9 -0.1 

100.0 o.o 

100.0 o.o 

100.0 o.o 

100.0 o.o 

100.0 o.o 

-27.9 -0.1 

18.2 o. 1 

47,0 0.5 

-6.4 -0,4 

5,9 1.6 

-33.5 -27.0 

-45.B -38.J 

4,5 2.9 

6.2 0.9 

-66.2 -18.3 

-57.6 -9.1 

-21.4 -1.1 
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6. BURST HEIGHT DEPENDENCE OF FIT PARAMETERS 

Havin9 obtained parameter values at four burst heiqhts, we desired 
to develop smooth functions of burst heiqht to approxiaate the parameter 
values. Some scatter was evident in the burst heiqht dependence. The 
functions chosen should avoid reproducinq the scatter, but capture the 
important trend of the data. Two burst height functions were 
selected: (1) the constant function, independent of burst heiqht, and 
(2) the rational function 

g(h) = 
C1 + C2h + C3h2 

1 + C4h2 

where h is the burst height and Ci are fit coefficients. By inspection 
of the parameter values at the four burst heights, the author determined 
which of the two burst height functions was appropriate for a 
parameter. Many parameters were clearly independent of burst height• 
Other parameters displayed such severe scatter that it was necessary to 
use merely an average value for all burst hei9hts. On the other hand, 
many parameters showed well-defined trends and were fitted with rational 
functions. 

Fitting the four values of a parameter with a rational function was 
not a trivial problem. In its application to real DIP prediction 
problems, the rational function would be evaluated at other burst 
hei9hts. Therefore, the behavior of the rational function must be 
carefully controlled for all possible burst heights. For example, 
simply fitting the four parameter values with rational function 9(h) 
would reproduce the data exactly, but might introduce poles, crossovers, 
and similar erratic behavior at other burst heiqhts. To avoid this 
possibility, several strategems were adopted. First, the fit was to be 
done by use of Courant's well-known penalty function method for optiaiz­
ation with nonlinear constraints, and the nonlinear constraints would be 
defined so as to inhibit the erratic behavior. Second, the rational 
function would ~ made to fit not the four data, but the piecewise 
linear function p interpolating the four data. 

'l'h~ penalty function used was 
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The hj are about 40 burst heights on the interval from 1 to 300 m. 
N1, N2, and N3 are positive semidefinite functions that are zero when a 
corresponding constraint ia satisfied. In the optimization process, Q 
is minimized for successively larger values of r by using as each start­
ing point the previous optimum values for c1 • As r is increased to 
infinity, Q becomes optimal for the constraints represented by N1, N2, 
and N3• The specific nonlinear constraints were these: 

a. For complex h, no poles of g( h) in the right half-plane of h, 

N1 = 108[min( o,c .. ) )2 

b. No crossover to negative values of g(h) for large h, 

N2 = 108[min(O,C3))2/p(200 m) 

c. No negative values for g(h) for small h, 

N3 = [min(o,c1))2/p(200 m) • 

'l'he minimization of Q was done for each value of r by adjusting the four 
Ci. 'l'he descent algorithms described in section 5 were used. For burst 
heights above 200 m, most driver parameters tend toward limiting values 
not much different from the value at the 200-m burst height. An excep­
tion is the amplitude parameter for a ground-induced source. '!'his 
parameter should decay monotonically to zero as the burst height in­
creases. For burst heights above 250 m, the three high-enerqy ground 
driver amplitudes are made to decay by a factor of two for each addi­
tional 100 m. Similarly, the three low-enerqy ground driver amplitudes 
are made to decay by a factor of 1. 2 to 4, depending on the source 
neutron energy, fer each additional 100-m increase in burst height over 
250 m. 

7. CCJllPARISON WITH LIQUID AIR EXPERIMENT 

Sidhu et al9 measured neutron and secondary qanna ray transport 
through a liquid air sphere for a 14-MeV neutron source. '!'heir 129.3-an 
sphere radius was equivalent to an atmospheric range of 850 m. They 
published (their fig. 7) for secondary qanna rays a value of about 1.3 x 
10-10 cm2-rad (tissue)/source neutron for the 4wr2 dose at 850-m equiva­
lent ranqe in air. 'l'he corresponding value for the NEMP code energy 
band 9 (8.19 to 1s.o MeV) hiqh-enerqy air driver is 1.5 x 10-10 Clll2-rad 
(air) • Qle rad in tiHue and one rad in air differ by only about 1 
percent, ao theH qama doses differ by about 15 percent. 

9a. s. Si"dhu, 'II. B. Farley, L. P. Hansen, T. Komoto, B. Pohl, and c. 
llfOrq, Transport ot Neutron and secondary Ga,.. Radiations Through a 
Liquid Air Sphere surroundirq a 14-llfeV Neutron S>urce, Nuclear Science 
and Brqineerirq, ~(June 1978), 428-433. 
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'nle NEMP neutron dose in air cannot be compared easily with the 
measured neutron tissue dose because neutron kerma* factors are very 
energy dependent in the range from 1 to 14 MeV. The neutron energy 
spectrmt at the 850-m observer for the NEMP driver is unavailable to 
allow a conversion fron neutron air dose to neutron tissue dose. 

Shown in figure 7 of Sidhu et al 9 are results of TARTNP computer 
code calculations of the gamma tissue dose. The TARTNP code is a dis­
crete ordinates radiation transport code used at the Lawrence Livermore 
Laboratories. The results show the 41Tr2 dose to a 280011 range. 
Differences between the NEMP driver and TARTNP results appear to be 
small Ca few percent) from 850 to 2500 m. The NEMP code results are 
roughly 15 pecent lower at the 50011 range. 

8. CCMPARISON WITH EARLIER APPROXIMATION FOR IONIZATION BY 14-MeV 
NEUTRONS 

Longley et alS developed approximations for l!MP drivers for use in 
their LEMP 2 surface burst EMP environment prediction code. They used 
Longmire's analytic first-scatter theory and many-scatter diffusion 
theory to describe 14-MeV neutron direct ionization through elastic 
scattering and (n,p) reactions. Comparison of their 14-MeV neutron 
driver with the corresponding NEMP driver (energy band 9, direct neutron 
ionization) showed rough agreement and some differences. For dose in 
air, the NEMP results exhibited a 10-percent longer attenuation length 
at all ranges and a roughly SO-percent greater amplitude (factoring out 
the range dependence). Because detailed reaction cross sections were 
not used for this LEMP 2 driver (per c. L. Longmire, Mission Research 
Corp.), some disagreement is expected. 

Since the LEMP 2 drivers are independent of the source neutron 
energy spectrum (except for 14-MeV neutrons), a comparison with the nine 
energy band NEMP drivers is a complicated undertaking beyond the scope 
of this report. 

SH. J. IDrqley, C. L. IDrqmire, J. S. Malik, R. M. Hamilton, R. N. 
Marks, am K. S. Smith, Development am Testirq of LEMP 2, A Surface 
Burst EMP axle (U), Mission Research <brp., Santa Barbara, CA, DNA 4097T 
(December 1976). (CONFIDENTIAL) 

9G. S. Sidhu, W. E. Farley, L. F. Hansen, T. Komoto, B. Pohl, am C. 
Wong, Transport of Neutron am Secondary Gamma Radiations Through a 
Liquid Air Sphere surroundirq a 14-MeV Neutron .st>urce, Nuclear Science 
am Erqineerirq, 66 (June 1978), 428-433. 
*The total kineti-;;-energy of directly ionizirq particles ejected by the 
action of indirectly ionizirq radiation per unit mass of specified 
material. 
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9. SELECTED RESULTS 

Time histories of some NEMP neutron-induced EMP drivers are por­
trayed in figures 2 to 13. Radial Compton current, theta Compton 
current, and ionization rate are plotted. Results are shown for two 
observers 0 and 500 m above the ground for each of two burst heights of 
1 and 200 m. 'lbe qround range from the burst to the observer is 1000 
m. All results are for a source of one neutron in the energy band of 
8.19 to 15.0 MeV. Although drivers for other neutron energy bands have 
different amplitudes, attenuation lengths, burst height dependence, air­
ground interface effects, etc., these results are typical. 

In the figures, each driver is represented by a broken line with 
identifying symbols. 'lbe "F" denotes the high-energy qround driver 
( ground inelastics) ; the "I" denotes the high-energy air driver ( air 
inelastics); the "G" denotes the low-energy qround driver (qround cap­
tures); the "A" denotes the low-energy air driver (air captures); and 
the "N" denotes neutron direct ionization including charged particle 
ionization. The total for all drivers is represented by a solid line 
with identifying "T" symbols. Each curve is the magnitude, or absolute 
value, of the driver or total. 

Several general observations can be made concerning burst height and 
observer height variations. High-energy ground drivers are signifi­
cantly weaker for greater burst heights. IDw-energy qround drivers 
decay more slowly with increasing burst height than do high-energy 
ground drivers because source neutrons penetrate to greater ranges while 
decaying to lower energies. I.ow- and ,high-energy air drivers and the 
neutron direct ionization driver all are roughly twice as strong for the 
200-m burst height as for the 1-m burst height because roughly half of 
the source neutrons are absorbed by the qround for the lower burst 
height. 

'lbe drivers for theta Compton current are all stronger for observers 
closer to the ground surface because of the asymmetry presented by the 
air-qround interface. High-energy and low-energy air drivers for radial 
Compton current and ionization rate are relatively insensitive to 
observer height. 'lbe time dependence of the neutron direct ionization 
driver is different for the two observer heights considered. This 
driver is somewhat shorter in duration near the ground because many 
later-arriving multiply scattered neutrons tend to become trapped in the 
ground and do not '-'Ontribute to the driver in the air. 'lbe low-energy 

23 

--------------:-----------"' -



~··--· ---~-
--·· --· --- ~--· - -

ground driver for ionization rate is somewhat stronger for the higher 
observer, more noticeably so for the 200-m burst height than for the 1-m 
burst height. They differ because the secondary gamma rays (produced by 
neutron capture in the ground) that drive the ionization rate at the 
observer must penetrate more soil to reach the shallower observer. The 
low-energy ground driver for radial Compton current is even more 
strongly decreased for observers near the ground beca-use the net Compton 
current flow follows the direction of the ganuna ray flux, which is 
predominantly up out of or down into the ground (perpendicular to the 
radial direction). Higher off the ground, more gamma rays with a nearly 
radial direction arrive fran ground regions close to the burst. 

All drivers contributing to the radial O>mpton current have the same 
sign (negative). The theta Compton current drivers may have different 
signs or even change sign. (By convention, positive is downward.) The 
theta Compton currents for high-energy ground and low-energy air drivers 
are positive and negative, respectively. 'l'he theta O>mpton current for 
the low-energy ground driver is- generally negative at this range from 
the burst because of a secondary ganuna ray "fountain" effect. This 
effect is due to many secondary ganana rays rising upward from the ground. 
close to the burst and being turned down toward the ground after a few 
Compton collisions in the air. However, for observers close to the 
ground and close to the burst, enough upward-going secondary ganma rays 
are produced beneath the observer to reverse the theta Compton current 
from negative to positive for a period of time (fig. 9). 'l'he theta 
Compton current for high-energy air reactions was set identically to 
zero because it was about two orders of magnitude smaller than the 
corresponding radial Compton current and because the available Monte 
carlo statistics for those data were so poor that a reliable fit was 
unlikely. 

'l'he time history of the high-energy ground drivers for theta C.olllpton 
current and ionization rate deserves some explanation. It may consist 

. of two pulses: one from the initial arrival of neutrons at the ground 
beneath the burst and the other from the arrival of neutrons at an area 
roughly midway between the burst and the observer. 'l'he secondary gamma 
rays produced in the ground have an attenuation length considerably 
greater than the mean free path of the neutrons. 'Ibis greater length 
causes contributions from reactions (per unit ground surface area) 
beneath the burst to be more important than contributions from reactions 
very near the observer. However, gamma rays originating in the ground 
closer to the observer are less attenuated by the ground because of 
their higher angle of departure fran the ground. This complicated 
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behavior was approximated by the two pulses mentioned. '1'he approxi­
mation qives reasonable aqreement with the Monte Carlo data, but too 
much imp:>rtance should not be attached to the detailed structure of the 
time history approximation, expecially since the data time bins were 
one-third of an order of maqnitude wide. The second pulse of this two­
pulse structure is not observed in the data (and the driver) for radial 
Compton current. Also, the second pulse is not observed in the data 
(and the driver) for ionization rate if the burst heiqht is very near 
the surface (fiq. 4 and 7) or if the observer is very hiqh (fig. 13). 
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Figure 3. Theta Compton current for 1-m burst height, o-m 
observer height, and 1000-m ground range. 
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Figure S. Radial Compton current for 1-m burst height, 500-m 
observer height, and 1000~ ground range. 
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observer height, and 1000-m ground range. 
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heiqht, and 1000-m qround ranqe. 

10. CONCLUSIONS 

The NEMP neutron-induced IMP driver package represents the state of 
the art for predictinq EMP drivers fran near-surface bursts, allowing 
flexible representation of any weapon's neutron energy spectrum and 
choice of any burst height in the near-surface regime. The package 
consists of separate space- and time-dependent drivers for radial and 
theta Compton current and ionization rate, for hiqh- and low-enerqy 
reactions in the air and the ground, for nine source neutron enerqy 
bands, for any near-surface burst heiqht. 

'Ibis report has described the development of this IMP driver packaqe 
for neutron-induced sources, for use in the NEMP code for IMP environ­
ment prediction for near-surface nuclear bursts. '!be development was 
based on the concept of obtaininq a qlobal fit of certain well-chosen 
functionals to Monte carlo transport data over the entire set of volume 
detectors and time bins. 'ft\e qlobal fit obtained in this manner offered 
several advantaqes over fittinq with polynomials, includinq the 
effective elimination of Monte Carlo "noise" and the possibility of 
reduction of error below the level of Monte car lo statistical error. 
'1'he fit also involved far fewer deqrees of freedoa. '1'he qlobal fit was 
obtained by minimization of a penalty function representinq the badness 
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of fit. Because of the large amount of computer time involved, highly 
efficient minimization algorithms were elllployed. 'l'he difficulty of the 
minimization depended, amonq other things, on the variance of the Monte 
Carlo data, which averaqed about 20 to 30 percent. 'l'he burst height 
dependence of the fit parameters was explicitly obtained for burst 
heights from 1 to 250 m. Extrapolation methods were devised for burst 
heights qreater than 250 m. 

Olmparison of ionization from qamnla rays induced by a 14-MeV neutron 
source with experimental measurements gave qood aqreelllent. canparison 
with the LEMP 2 direct neutron ionization driver for 14-MeV neutrons 
revealed significant differences. Typical results were discussed for 
two burst heiqhts and two observer heights, for the 8.19- to 15.0-MeV 
source neutron energy band drivers. 
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APPENDIX A.--A 1WO-POINT QUADRATURE SCHEME 

Integratinq a driver functional over the entire volWMt of a volume 
detector can be very time-consuminq if Wlsophisticated quadrature 
methods are used. 'ft\e vol\De detector concerned is a square toroid, 
that is, a toroid with a square cross section in coordinates (x,z,+> • 
The toroid is bounded by X 1 , x2 , z 1 , and z2, where x is the qround ranqe 
from the coordinate center and z is the neiqht above the qround. The 
driver has azimuthal symmetry around the center of the toroid (x • 0) so 
that an inteqration in independent variable + is trivial. '!bus, an 
integral over detector volume 

becomes 

(X2 fZ2 1/2 
I= 2w .Jxi Jzi f(x,z>(x2 + z2) dx dz 

If f(x,z) describes a driver functional, the salient spatial gradients 
of f(x,z) are (1) in the vertical (z > 0) direction due to proximity of 
the qround and ( 2) in the radial direction from the burst due to 
qeometric and atmospheric attenuation. A particularly accurate Gaussian 
quadrature rule would use the qeometric and atmospheric attenuation as a 
weiqht function. 

our qoal is a Gaussian quadrature rule for the inteqral 

1X2 (z2 
J = 1 Jzl v(x,z)w(x,z1a) dx dz 

where v is a function of x and y and w is a weiqht function defined by 

w(x,z1a) = exp(-ar>/(1 + r2) 

1/2 
r • (x2 +(z - h)2] 

The burst heiqht is h. '!be advantaqe of this weiqht function rests on 
the fact that it represents the actual spatial dependence (for a 
suitable choice of a) better than a low-order power series would. 
Parameter a is essentially the atmospheric attenuation coefficient (the 
reciprocal of the attenuation lenqth) and is available for use durinq 
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APPENDIX A 

the calculation of a driver integral. Thus, we may exploit our know­
ledge of a to construct the quadrature based on weight function 
w(x,z1a). In computer program BIGFIT, we actually first construct a 
family of quadrature rules for a range of values a .• Then when a driver 
integral is being calculated, the ai nearest to a is determined, and its 
corresponding quadrature rule is used. In this way, the construction of 
the quadrature rules is kept out of the inner program loops. 

For the J integriil quadrature rule, we seek quadrature points 
(x

1 
,z1) and (x1 ,z2) 11>;ith weight coefficients w1 and w2 , respectively. 

We require exact integration of Taylor series terms ror xO (and zO), 
xl ,zl ,z2, and z3. This requirement yields the following conditions on 
x 1 ,z1,z2 ,w1, and w2 : 

w1 + ""2 =Moo 

w1x1 + w2x1 = M10 

w1z1 + w2z2 = Mo1 

w1z2 
l 

+ w2z2 • 
2 M02 I 

w1z3 
l + w2z~ = M03 I 

where 

dx dz 

Thia quadrature is separable in x and z and easy to obtain. Ci>viously, 

Define the polynomial 

or 

P • z2 - Az + B • 0 • 
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Multiply the preceding equations by A and B and add: 

w1(Az1) + w2<Az2) = AM01 

w1(z~) + w2{ z~} = M02 

w1z1(Az1) + w2z2<Az2) • AM02 

w1z1(z2) + w2z2{z2)• Mo3 
1 2 

Since P • o, we have 

AM01 + BMoo + Mo2 - o 

or solving for A and B, 

where 

A· (Mo3Moo - Mo2Mo1)/c , 

B - (M~2 - Mo1Mo3)/c 

C • M2 - MOOM02 01 • 

'l'herefore, 

z
1 

•(-A - (A2 - 68)112)/2 

z
2 

•(-A+ (A2 • 48)112)/2 • 
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APPENDIX A 

Then 

or 

suppose we seek to integrate 

K • 1X21Z2 µ(x,z) dx dz 

1 Z1 
I 

where µ(x,z) has dominant spatial variation w(x,z1a). 

and apply the quadrature rule developed to get 

We rewrite K as 

It is best to combine w(x1,z11a) with w1 and w(x 1 ,z21a) with w2 to 
obtain the modified rule 

.. 
It Ill Wl J.l(Xl ,zi) + "2"CX1 ,z2) , 

where 

"' 
"1 • w1/W(Xl ,z 11a) 
.. 
w2 • wlw(x1 ,z21a) • 

.. .. 
Thus, a unique quadrature rule (x 1 ,z1 ,z2,w1, and w2> was obtained 

for each combination of volume detector ana ai before coaaencin9 the 
descent algorithm to fit a driver functional to Monte carlo data. Then 
during the descent, the numerical integration of It-like integrals 
proceeded extremely rapidly. 
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APPENDIX s.--DESCENT ALGOIUTHMS USED 

This appendix lists the FORTMN version of the descent alqorithms 
used to search for a minimum of a function • 
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APPENDIX B 

c 
c 
c 

SUllOUTINf TALC,CFN,XeTOL1l1G1XDLD,STfP1IAL,M,lfl) 

-- IY MILLIAN T. MYATT, .a., 1971. 

C USIN' THE METHOD Of COMJU,ATE GIADIEITS, THIS SUllDUTINf SEARCHES FOii 
C TH£ MINIMUM Of THE SCALAI FUNCTION Fl , 'llfl A STAITll' PGINT I • 
C X IS A VfCTDI Of Lfl,TH M • Al ELEMENT OF X IS IUJT ALTEIED 
C DUllN' THE SEAICH If THE CDllESPOIDll' fLEIEIT Of TOL IS IDl-
C POSITIVE. DTHEIMISE, THE SEAICH CONTINUES UITIL THE fUICTIDll DOES 
C IDT DECIEASf IHfl X IS CHAN,ED IY AS MUCH AS TDL•STEP , IHflE THE 
C LAIGfST ELEMENT JN STEP JS UNITY. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

' c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

THE SEAICH MAY If AIOITED AfTEI AIDUT NFN EVALUATIONS Of THE 
fUICTIOI fN If lfN>O • DI AFTEI -Nfl 'IADIEllT EVILUATllJllS If 
Nfll<O • 

THE FUNCTION fM MUST IE DEtUIED lXTfHAl Ill THE ULllll5 PIDH&M. 
X 1 TDL 1 M , AND NFN MUST IE DEFINED MHEI THIS SUIROUTINE IS 
CALLED. THE SUllDUTINf IETUlNS THE MINIMUM LOCATION II X , THE 
MINIMUM FUNCTION VALUE JN VAL , AND THE IUMIEI Of FUICTIDI 
EVALUATIONS IN AISINfN) • NFN IS IETUINED IE,&TllE IF lHf SEAICH 
IS AIDITED AS DESClllED AIOYE. THE AllAYS I , ' , XDLD e AND 
STEP Of LEN,TH M Alf USED fDI INTEIM£DIATE lfSULTS. TOL AID M 
Alf IETUINED UNCHAN,ED. 

THE PaD,IAM CALLS THE SUllOUTINf QUAD TO LOCATE A MlllMUM ALOI' A 
'IVEN DllECTJDN. 

AN ELEMENT Of X MAY If COMPELLED TD IEMAll POSITIVE DUlll' THE 
SEAICH, IY USJN' THE TMD STATEMENTS CMAIKED MITH •ccccc•t IN THE 
PIDUAM IELDM I 

TDLU l•-TOLCIJ 
'D TD 5 

THE METHOD ESTIMATES THE FUNCTION 'IADIENT IT f lllTE DlffEIEICfS DIEi 
AN INTEIVAL TDL•SLASH • SLASH HAS IEEN SfT TO 0.01 II A DATA 
STATEMENT. IOUIOOff EllOIS MILL CAUSE POOi ESTIMATES FOi THE 
GIADlflT If TDL IS TDD SMALL DI If MACHINE PIECISIDI IS 
llSUFFICIENT. IDOUILE PIECISIDN IS IECDMMEIDED fOI CDMPUTEIS MITH 
DEFAULT SHOil PIECISIDN MDIDS.I 

DIMENSION XIMJ,TDLIMJ,llMl1GIMJ,XOLDCMl,STEPIMI 
DATA SLASH /0.01/ 

C INITIALIZE GIADIENT AND DllECTIDN AllAYS AID Dlllf.1 QUANTITIES. 
MUFlf•NFN 
NFN•O 
IPHS•O 

S CDITllUE 
DO 10 l•l1M 
Ill) •D.O 

10 51U•l.D 

c 
c 

VAL•fllXI 
lfl•NFl•l 

C MlllMllATIOI LOOP lf,INS HEif. CHECK FOi MAX fl EVALUATIONS. 
100 CDITllUE 
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IHSS• IPISS• l 
lfllPASS.5T.-ttllfl.AllD.MAlfl.LT.OI 50 TU 900 
lfllfl.,T.llAXfl.AID.llAIFl.5T.OJ 50 TD 900 

c 
c FllST. MOVE X TD IDLD. 

SUllDLD•O.O 
DD 110 l•l•M 
XDLDll)•llll 

110 SUllDLO•SUllDL.0•5111••2 
lflSUllDLD.fQ.0.01 50 TD 5 
flDLD•VAL 

c NfXT• 'ET 'IADIENT AID lfM SfAICH DlafCTllJll. 
SUll•O.O 
DD lZO l•l •M 
51 I) •O.O 
lflTDLlll.LE.O.OI 'D TD 120 
Xlll•XDLOlll•SLASH•TDLlll 
IAL•FIUI 
NFl•NFl•I 
XII I •XOLDI U 
'llt•IVAL-FIDLOt/SLASH 

uo SUll• SUM•' I I I .. z 
SUll•SUM/SUllDLD 
DO 130 Jsl .M 
1111•-.lll•SUll•llll 

uo STEPllJ•ll U 
c 
c SCALE STEP SO EICH fLfNEIT IS .Lf. J .O. 

SlYEsO.O 
DD 140 l•l •M 
TfllP•llSISTEPllll 
lfCTEMP.GT.SAYft SIVE•TfMP 

lftO CONTINUE 
lfUAVf.llf.O.OJ SAYE •I .O/SAVE 

c 
C TAKE TllAL STEP. 

DD 150 J•l ,M 
SlfPlll•STEPlll•TDLllJ•SAYE 

C LOCKUP PlllMETfl TENDING TD ZEIO. 

CtCCC 
CCC CC 
150 

lflSTEPllJ.,f.O.O.Dl.XDLDIJl.GT.TDlll)I 50 TD 150 
TDLI 11 •-TOLll I 
'D TO 5 
Xlll•XDLDlll+STEPllt 
HL•FICXI 
Nfl•NfN•l 
lfCYAL.,E.flDLDI GD TD 910 

C RlllRUll lllPIOVED. 00 SEAICH FOi llllllUll. 
CALL QUADIFN.M,OLOVAL.VAL,IOLD.STEP,X.NFNI 

CCCCC PllNT 97,YIL 
97 fOIMATC' NEV IAl•'•fZ0.11 

'D TD 100 
c 
c 
C flUSHED. 
too NFll•-NFN 

DD tOS I •t.M 
t05 TDLlll•AISITDLllll 

anua1 
tlO COIT lllUE 

IFllPASS.,T.51 50 TD tlS 
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APPENDIX B 

t TIT THlDMllG DUT I 110 PllA"fTEI If I• EllLY STA5ES Of MlllRIZ&Tlaa. 
DO 9H l•ltfl 
IFISTEPlll.£Q.O.OI GD TD 91' 
SAIE•STEPlll 
STEPIU•O.O 
XI I> •IOLDI U 
HL•fllll 
IN•lfl•l 
lflWAL.,E.F•DLDI 50 TO 91J 
till QUADlfN.R.DLDYIL•YAL.lDLDeSTEP1l1lfll 
1111•0.0 
Giii •o.o 
GD TD 100 

91J STfPlll•SIYE 
Xlll•IOLDCll•STEPCll 

914 COITlllVE 
915 COITllUE 
C IESTDIE X AID WAL. 

HL•FIOLD 
DD 920 l•l ,R 
TDLlll•AISITOLllll 

910 Xlll•IOLDlll 
HTUll 
EID 
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APPENDIX B 

SUlaDUTIME DUADIF•elPAIAl,flDLDtWAL,IDLDeSTfPelelfll 
c 
C ~ IY llLLlll T. WYITTe ..... 19111. 
c 
C THIS SUlaOUTlllE FllOS THE RllllUI Of THE fUllCTllll Fil I• TME DlaECllDll 
C STEPe 'IWEI f .. LD•fllllDLDle WIL•flllle l•IOLD•ST£Pe AID aPlaAll ITHE 
C Lfl,TH Of WfCTDaS le IDLD. AID STfPI. I llECESSl&f CDlllTllll IS THAT 
C fll < flDLD. lfle I CD .. Tfl fOI fUICTIOll CALLSe IS lllCllE•EllTfD fGa 
C lACH EllLUATllll Of fl. THE SUllOUTllE IETUlllS A llllllUR Ill Ill 
C Al,UREIT I SUCH THAT WAL•F•llJe AllD STEP SUOt THAT ST~•l-IGLD. 
c 
C THE AL,OllTHR USES IUIOIATIC llTEIPOL&TIOI ACCELEIATED IY A LD5Allllt­
C llC llSECTIDl-TYPE SEllCH. 
c 

DllEISIDI IDLDllPllllleSTfPllPAllll,lllPllAll 
C ICDUIT LJllJS THE NUllfl Of FUICTJDI fWALUATIOllS TD I .. RIEi 
C CDllEllflT FOi THIS APPLICITIOI. THE USfl IAY OIAl'f IT. 

ICDUNT•AM&lltJ.OeSllllTIFLDATIRP&llRlll 
IC•O 
SA•O. 
Sl•l .O 
FA•FNDLD 
fl•VAL 

C LOOK fDI I FC.H.n. 
10 SC•Sl•IO.O 

DD ZO l•l,IPA&al 
Xlll•XDLDlll•STEPIJJ•SC 

ZO COIT lllUf 
fC•fNUI 
Nfl•fllfl•l 
lflfC.,E.fll 'D TD ltQ 

C TH 15AH. 
FA•fl 
fl•fC 
SA•SI 
Sl•SC 
GD TD 10 

C lf,IN IODlflED DUAOIATIC llTEIPDLITIOI FOi RlllllVR. 
100 COIT llUE 

IC•IC•l 
lfllt.,T.ICDUITI 'D TD 110 
TflP•ISC-Sll/ISl-SAI 
IFITEIP.GT.~.01 GO TO 110 
JflTfRP.LT.0.251 'D TD 120 
lflfl.ED.Fl.Dl.fl.EQ.FCI 'O TD 110 
CA•llfA-flJ/ISA-Sll-lfl-fCl/ISl-SCll/ISA-SCI 
JflCA.fD.0.01 'D TD 110 
Cl•IFA-fll/ISA-Sll-CA•ISA•SIJ 
Sl•-Cl/U.O•CU 
GD TD UD 

110 CDITllUE 
c EITHfl CDIVEl,11' VflY WELL, DI PDDILY. USE LD5AllTHllC StaacH. 

TERP•SllTITEIPl-1.0 
Sl•Sl•ISl-SAl•TEIP 
GO TD UO 

120 TEIP•SQITll.O/TllPl-1.0 
Sl•Sl-ISC•SIJ•TEIP 

IJO COIT INUl 
111sx.11.s1.01.sx.Lt.sa.oa.sx.,1.sc1 5D TD 111 
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C EVALUATE FUNCTION AT INTflPOLATED POINT. 
DD lJS l•l.MPAIAM 
Xlll•XOLDlll•STEPlll•SX 

J JS COIT I NUE 
fl•ffllll 
lfl•lfl•l 
lflfX.LT.fll 'O TD 150 

C IDT lfM MINIMUM. 
IFISX.,T.Sll 'O TD 140 
SA•SX 
fl•fX 
'D TO 100 

1~0 St•SX 
ft•fX 
50 TO 100 

150 tDllTlllUE 
C IS NEM MINIMUM. 

lflSX.LT.Sll '0 TD 160 
Sl•SI 
F&•FI 
Sl•SX 
fl•fX 
'D TO 100 

160 St•SI 
ft•FI 
Sl•SX 
fl•fX 
50 TO 100 

110 COIT I NUf 
HL•fl 
DD 110 l•l1MP&IAM 
STEPlll•SlfPlll•SI 
XCll•XDLDCIJ•STEPCll 

110 CONTINUE 
t FINISHED. 
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AllllDllll'fllATOll 
mPSmB DOCUIDrATIOll CBm'BR 
ATTll DDC-'l'CA ( 12 COPlm) 
CM.- llTATIOll, BIJILDDIG 5 
ALIDMDRIA, VA 22314 

caMAMmR 
US AlllY RSCB Co 8ft> GP (BUR) 
ATTll L'l'C JAllB8 ... ..-DY, JR. 

CllUI', PlllllJICS & llATB llMll::H 
FIO 1'91 10111t 09510 

CClllllllllSR 
US AlllY Al9IMIBlft' llATBRIBL 

RBADDIBllS C<MIAllD 
A'l"l'll ml&AR-LBP..L, 'NCBMICAL LIBRARY 
ROClt 181.AllD, IL 61299 

C<IMMIJD 
OS AllCY 1118811.B • -lTIOllS 

CPTBR & SCHOOL 
A'l"l'll Aftlt-cTD-F 
llBD8'IOlll llftllll, AL 35809 

DlllllC'1"0R 
Ill AllCY llATDUL BYllTllUI 

AllAl.11119 llCTIVITY 

ATTll -y-
A'l'llf -Y-fO 
UBR!lSD 1'110911'G GIOUllD, llD 21005 

DI~ 

U9 AlllY BALLISTIC -BAk:H LABOllATOllY 
AT'ftl DRllllR-TIB-9 ( STilllO) 

AT'ftl DallllR-All, If. --
AT'N DNITB-BL 
ATTll ZllDlR-BLB 
ABllRDBBll l'llOVI1'G GIOUMD, m 21005 

O.S. All« ~ICll T9CllllOLO(;Y 
MD tsVICa I.UOllATORY 

Aftll DBLm'-llD 
FORT llOlltCX1l'H, MJ 07703 

TBlCllS INaTRtNllTS, IllC. 
•• o. llOlC 226015 

A'l"l'll r- -I.SllZ, 
DllLLAS, TX 75266 

TIL&t>Yla: BROIM BMGIRDRUG 
CllllllllGS -BAk:H MIUC 
A'Pl'll DR. BLVD L. PRillCB, 119-44 
1Hllft'8YILLB, AL 35807 

IMGltlZBRlllQ SOClll'l'I• L191WlY 
345 BAST 47'J'B 9'l'llDT 
ATTR llCQOISITIOllS llDAllftllWf 
... 'IOlllt, 1"l 10017 

Dom:TOR 
A-D ro.:m MDIOllIOLOGY llmlAk:B 
ltlftITvn 

Dlraml llUCt.aAR llGmlCY 
llATIOIUIL MVU. llBDJCAL CPTBR 
ATTR mBAll:B PROQIM CDOIUllllATDIG 

OPFICBR 
• ..,...... ,., 20014 

DISTRIBVTION 

ASSISTAll'f 'IO TllB SS::Rll'l'.HY or ml'-B 
ATOIUC IDllllGY 
ATTll IDCO!IVB ASSillTAll'f 
WASHDIG'f01', DC 20301 

DillllC'l"OR 
llUlllSI AllVAllCBD RSCB PR0J AGBllCY 
All:BITET BUILDDIG 
ATTH TIO 
1400 WIISOll BLVD. 
AJILDIGl'Oll, VA 22209 

DIUCTOR 
D._B CIVIL PRIPAIBllllBSS AGBllCY 
ASSISTAll'f DillllC'l"OR rat RaBA.:B 
ATTB AllllDI OPFICBR 
ATTB RB (.0) 
ATTB IO (SB) 
WASBIR<1f011, DC 20301 

llBFBllSB COllll!llllCATIOllS lltGDIDRDIG 
CBllTD 

ATTH CODI! R720, C. ll'l'AllSBBRRY 

"""" com R123, TBCll LIB 
ATTB CODE R400 
1860 WIBRLI AllllRW 
RBll'l'Oll, VA 22090 

DIUCTOJI 
ml'-B COlllOlllCATIOllll AGBllCY 
ATTR CC'l'C Cl 12 
ATTll CODll C313 
lfASHillQfOll, DC 20305 

DillllC'1"0R 
Dll'BllSB lHTllLLICBllCB AGBllCY 
ATTll RD8-3A 
ATTll RD8-3A4, l'OllPOllIO l'LAZA 
WASRlllGl'Oll, DC 20301 

DIUCTOR 
Dlll'BllSB llOCLIAR AGllllCY 
ATTll MTll 
A'l"l'll DDBT 
ATTll RUV 
ATTR TlTL 
A'l'Tll 8TVL 
ATT!ll llLIS 
lfAllBillGTOll, DC 20305 

CCRL\lfDD 
FIBLD COlllAllD 
Diii'- llOCLBAR AGBMCY 
A'l"l'll rcPR 
A'l"l'll rc&IM, J. •ITH 

"""" rcuc 
ltIRTLAMD An, "' 87115 

DIUCTOll 
Ilft'DHltYICI IO:t.&AR WBAPOm S::llOOL 
ATTR TTY 
ltIRTLAllD Ant, "' 171'5 

JOillT CHI.. f1I STAPP 
1'1'1'11 .:r-3 
WUlllllGl'Oll, DC 20301 

45 

DlllllC'l"OR 
JOillT llTRATBGIC 'a..-r l'LA9DIG 

STAFF, .JCS 

OPrUl"I' ""' ATN JSA8 
ATTR JPST 
ATTR llRI-STlllPO LIBMltY 
CllAllA, • 69113 

CBIBF 
Ll'VBRllOltB DIYI9IOll 
FllU> C<MIAllD DD 
~or....-z 

LAllRBllCll LI- LUOMTOllY 
P.O. BOX 808 
ATTll FCPltL 
LI-ORB, CA 94550 

llATIOllAL COIMUllICATIOll8 8'111T8l 
OFFICB or TllB -CIBlt 
DIPAlt'l'MBlft' or DIFllllSB 
A'1"l'll llC8""8, CllAIWlll D. BOOllClll 
lfAllHillQfOll, DC 20305 

DllUICTOR 
llATIOllAL SICURITY AGBllCY 
DBPAll'l'llllft or Dll"-B 
ATTll R-52 , 0. VAii QIJllTllll 
ATTB S232, D. VlllCllft' 
n. -DB, MD 20755 

lllDBIR SBCY or Dll" rat RICH • -
DBPAR'l'llBll'f or ml'BllSB 
ATTll G. BARSB 
ATTN 11588 (OS) 
lfASHillQ'l'ON DC 20301 

CCllllAllDIR 
MD 8YS'l'llll OCMtlUID 
DBPAR'l'llSlft' or THI ARCY 
P.O. BOX 1500 
ATTB MDIC-M>LIB 
lllll'l'SVILLB, AL 35807 

CQMWIDD 
llRADCOll 'NCBBICAL SOPl'Olt'l' ACTIVITY 
DIPAR'l'llSlft' or THI ARCY 

"""" mr.cs-11:, " CQIBll 
A'l'lll DSLll'l'-IR, S. lllJllTBlt 
PORT llCIBllOUl'H, MJ 07703 

CC191A-
08 AIMY AlllOll CBW1'Bll 
Aftll TEIBllCAL LIBMllY 
P011T mo11, n 40121 

C<RWIDD 
08 AMY ca.-..c 8GRQ DITAL 

AGlllCY 

"""" ccc....-s Aftll CCC-CSO-Sm 
n lltlllClltlCA, Ill 85613 

c~ 

08 AMY ~ICAT?Om ~ 
C<lmAT DBftlD"'811f Dl'flSICll 
A'Pl'll A'NI-clMID 

"· llllllCllUCA, Ill 15613 
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c:aur 
US AlllY caeallICATIOllll 818 llGSllCY 
Aftll CCII-~ CCll-1111-SV 
POM' ~ • .., 07703 

~ CIPPICD 
US AMY C<IMlllICATIOllll llS8 & 
Dn CC»mlUll> 

A'l"l'll llaCl'lt•A'l'C 
Aftll Dll:lll-'l'D8•8SI 
POM' .._Olrl'H, IU 07703 

DIVIS!OR lllGIMUR 
US AMY DGIHID DIV llUllTSVILU 
P.O. llOll[ 1600, Wl8'l' STATION 
A'Pl'H llRDBO-SR 
Aftll ii. T, llOLT 
llQlftSVILLI, AL 35807 

US ARtY Ill'l'llL THRUT .IMI.18!8 
D&'1'lll:JMml'l 

llOCll 2201, llUIG A 
QLIMQl!OR KALL BTATIOM 
Aftll .. 2200, llUIG A 
QLil!IQrOR, VA 22212 

C~IR 

US AMY IKTBLLIGBHCS & II.: alD 
ULDCCTOR HALL STATlOH 
4000 ULINOl'Oll BLVD 
ilftll '1'9CHllICAL LIBRARY 
A'l"l'll '1'9CH DIPO Fie 
ULil'GTOH, VA 22212 

COl9llUlllBR 
US UllY llISSU.& RISlillCH 

C DS11ZIOl'lllSll'l' CCJllllAllD 
il'l"l'M DRClll•PB•lil, WALi.AC& o. WMlllBR 
il'l"l'M DIClll•l'8•8G, WILLIJlll 8, .JOllR80R 
il'l'l'll IJRDII-TSI> 
A'l'l'll DRllflI•BAA 
ll8D8'fOn AllSllMAL, AL 35809 

ll8 AMY lllJCLDll 5 CIDllICAL AGae:Y 
7500 UCJL!Clt -D 
BUILDillG 20 73 
AT'l'll COL A. rarJl1' 
A'l'l'll Dll. J, 8&RBllllB'l' 
SPllillGPISl.I>, VA 22150 

~ 
ll8 UllY '1'18T ARD 8YALIJ1.TIOM CCMIAMO 
A'l"J'll lllUlft•FA 
AllDPlnlC l'llOnlfG GllOUllD, llD 21005 

CCllllllllDJlll 
ll8 AMY TMillillG AllD 

DOCTRllS CCJllllAllD 
A'l'l'll A'fOltI-OP-811 
FOll'I' llOllllOS, w. 23651 

CCllWl1JD 
llllIT& MllDI 1118811.S Mtm 
DSM.._., ar TD AMY 
A'l'l'll ftlNS-'l'll•All, J, QllllA 
llHI'l'll 111108 llillILS MIJGS, .. 88002 

f. 

~ ....... .;-..'.:.. -. 

DlSTR18UTlON (Cont'd) 

CIPPlCSR-Dl-CHll-
CIVIL lllCDISlllDG LUOM'fOllY 
laVAL CXAllhidJCTIOM llA'ft'ALIOll Clllft8R 
A'l'l'R COOi L08A ( LillllAJIY) 
A'l'l'R C0DB L08A 
llOlll' llUSlllllS, CA 930'1 

CCllllAllDP 
llAVAL ADl S!SftllS ~ 
A'l'l'R AIR•350I' 
HABllIMmOll, DC 21360 

COl9!AllDIR 
llAVAL m.E'fllOllIC 8Y8'1'llUI CXl9IAllD 
A'!"ftl 11S 117•215 
HASHillQl'OR, DC 20360 

CQllWUllR 

RAVAL OClilll SYS'l'DIS CBlft'B1l 
A'l'TN C01B 015, Co FL&'l'CHSR 
A'l'l'R RISlillCH LDIRARY 
A'l'l'R C01B 72,0, s. H. LICll'l'IUUI 
SAii DIBGO, CA 92152 

CQlllAlllDillG CIPPICIR 
RAVAL OIUAIAllClt S'l'ATIOll 
Aftll S'l'llllDARDIZATIOR DIV 
INDIAll RlilD, llD 206'0 

SUPIRltrtlllQJllltr (COIS 142" 
laVAL l'Oll'l'GllADUATll SCHOOL 
A'ftll C01S 1424 
llOR!'ltRltY, CA 93940 

DlRllC!Oll 
llAVAL RltSlilJCH LABORATORY 
Aftll COllB 4104, mlAllUllL L. BIWICATO 
Aftll CXXlS 2627, llOllIS Ro l'OL8H 
A'l"N COllB 6623, RICllUI> L. S'1'ATLD 
A'l"N CODS 662' 
HASHillQfOR, DC 20375 

COIRAllDP 
llAVAL SHIP DGINDJtllfG Cltll'l'l:ll 
Dll'IUl'lll&Wl' OP Tll8 llAVY 
Aftll CODS 6174D2, -AllD P, DOPl'Y 
HASHI1lQl'()ll, DC 20362 

CClllWIDCll 
llAVAL SURPllC& llDPORll Cltll'l'lill 
A'l"N COOS F32, Bllltlll II. MTDUllll 
A'l"1'11 L. Ll811LLO, CODS HM3 
A'l"1'11 CODS HA511lH, RI 130•108 
HHIT8 aut, SILVSR SPll.ING, 11D 20910 

CCJIWIDIR 
laftl. SVUllCB llDPOll8 CBlft'B1l 
DallLGlllll LUOMRO'l'Y 

""" CXXlS Dl'-56 
DMl.GUll, VA 22448 

~ 
DYAL lllAIOlll CSlftD 
A'l'l'll CODB SU, nr:ll Lta 
ClllllA IAQ, CA 93555 
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~OPJl'JCD 
llAVAL VDl'Olm llVALlaTUll PICILl'TY 
ICllft'Ullm Ala fOllC8 ... 
A'l"1'11 COllS AT-6 
AU1uauaan, • 11111 

CIPPICB OP ... 9111. .. DIOI 
A'l"1'll com a1 
AllLlllGl'Oll, VA 22217 

Dim:'!Oa 
ll'l'llA'l'llGIC 8111'1'1118 1'llOaC'I' QnICB 
laVY ~ 
A'l"l'9 lllP-2701, JOllll H, PITI~ 
""" llllP-2342, llIClllllU> L. cxn..u 
A'l"1'11 ....... 3, '19CH Ll8 

""" llllP-27334 
A'l"l'9 •P-230, D. GOLD 
HABllDIQrOll, DC 20376 

CXllllUlllal 
A-UHCAL 8ftTBll8 DIVISIOll, ArSC 
A'l"l'9 AllD-ft•U 
A'l"1'11 DnV 
Hlliml'l'.PAT'!BJllKM An, (II 45333 

AD l"ON:B "tB:aICAL APPLICATia. 
Cltll'l'lll 

A'l"l'9 TPS, 11. ll::mlDllll 
PATllICJt Ara, rL 32925 

Ar..,.-. IABORATOllY, ArSC 
A'l'l'll lftll 
A'l"l'9 R'1' 
A'l"1'11 IL, CA1lL g, lllUM, 

""" II.ft 
A'l"l'9 SUL 
A'l"l'9 CA 
A'l"l'9 SJ.A, J, p, CAS'l'ILID 
A'l"l'9 ILP 
A'l"1'11 IL'l', If, MGB 
A'l'l'll 1118 
UM'LAllD Al'll, 111 87117 

DillE'l'Oll 
AIR UllIVD81TY LDlllAR'f 
.. _ ar 'l'll8 Aill POw::s 
A'l"l'9 AllL-UIB-70-250 
~ Anl, AL 36112 

RlilDllUAlft'ltU 
a.acTllOlllC lllftlll8 IS918IOll/Y8D 
DDM'llllllft' OP 'l'll8 Alli POaCS 
A'l"1'11 ftM 
lllltmeall ""'· • 01731 

CCl9IAllDBll 
POUIQlt fte9)1.0GY DIVISIOll, APIC 
A'l"l'9 RlCD LIBRARY 
A'l'N ft'Dp, 9, L. au.AID 
lnUGft-A'l"l'DIOlll Al'll, Cll 45433 

CXllllWlllSR 
OGlml ALC/lllSDDS 
nnr.lll'lmlr OP Tm AIR PCllCS 
A'l"1'11 oo-AU:/1911T11, p, w. 8111ll'9L 
Aftll MllBDO, WO IClllllAll 
A'l"1'11 1111.1 tt. 8LllCDUlll 
llIU. -.. ur euM 
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c---... Alli llSWLOlllllfl' C:-.. AHC 
A'l'lll 'l'llLD 
caJPl'US Aft, ft 13"1 

CCl9lllnD 
llC.-0 Alli LOGill'l'ICS CllfnR 
..,..._ ar TIS AD PO.::S 
A'l'lll ..:118, B. &. lmllAll'l'llO 
A'l'lll 1911M, J • Wo 1111118 
A'l'lll-, p, R. -R 
~ Aft, CA 95652 

811SO/U 
AIR l'OES 8ft'l'lll8 COl8WID 
fm! orPICB IOI 92960 
~Ar ~ Clllft'Blt 
I lftllLLIGBHCBI 

- nm LOS 1U1GBLB8, CA 90009 

Slla>/IM 
AD l'OllCB BYSTlllS COIMA1'D 
IH~) --·MAJ Ho BARAR 
A'l'nl -· CAPf R. I. LAlfRBllCB 
1IOR'l'Oll APB, CA 92409 

BAllBO/YA 
AIR l'OllCB BYSTlllS COllWID 
fm! OPPICB llOI 92960 
wau.DlfAY l'OSTAL CBR'1'D 
A'l"l'R YAIC 
LOS AllGllLIB, CA 90009 

STRATllGIC AIR CClllUIRD/XPPB 
A'l"l'R MRl-ll'l'DIPO LIBllART 
A'l"l'R DC. 
A'l"rll calllft Bo llA'l'ZD 
AT'!R DPS, MAJ BRIAR G. B'l'l:PllBll 
orP111"1' APB, • 681 13 

!IBPAR'Bllllft' ar SllBRQY 
ALlllJlllllBRQUR Ol'SllATIORS r:IPICB 
p,o, BOX 5400 
AT'!R DOC COR POR 'nCH LIBRARr 
A'l'TR 0-TIORAL 8APBTY DIV 
ALIUQUBllQUB, .. 97i15 

IJllIVBRllITT ar CALUORRIA 
LAWRBllCB LIVBMORB J.ABOMTORT 
Po 0. BOX 801 
Aftll DOC COR POR 'nCllKICAL 

I1'P0111ATIOH DSP1' 
Aftll DOC COR POR 1.-46, To DORICH 
AT'l'W DOC COit P<ll L-545, 0. -
Aftll DOC COit POR L-156, lo IULLSR 
Aftll DOC COR PCll L-10, Ro IRUGD 
Aftll DOC COR POR Bo s, CUAYAR 
LIVDllOll&, CA 94550 

LOS lUNIOS SCDll'HPIC LUOllA'l'OltT 
P.O. llOI 1MJ 
Aftll DOC COR PCll BRUCB Wo .-L 
Aftll DOC COit POii C~ llBlft'CM 
LOS AIMOB, • 87545 

DISTR?BUTIOll (Cont'd) 

BUDIA i.um&'!Oalllll 
p.o. - 5800 
A'l'lll DOR COR POR Co B. Vl'l"l'ITCS 
A'l'lllllORCORPatL Lo PAUia 
Aftll DOC COR Pat BUIBR P. lalllllAll 
AJaUQUDQUB. .. 87115 

CB1m1AL Dl'l'SLLIGBll:B AG1111CY 
A'l'lll IRD/SI, .. SG48, HQ BLDG 

POR CISI/UD/BWB 
WUHUcn'OR, IX: 20505 

-IBill'l'MTOR 
DD'-B a.cTllIC _.. -IR 
DBPAll'!lllllft' ar TIS U'l'l:RIOll 
IR'l'l:RIOR IOU'l'H BLDG, 312 
AT'l'll L. 0 'HSIU. 
WUBIBGTOR, IX: 20240 

DBPAll'!lllllft' ar TMHS_.,ATIOH 
rm>BRAL AVIATION ADHUISTRA'l'IOR 
llDDQOARTDS SE DIV, ASB-300 
800 IBDllPlllDllllCB AVDllB, at 
A'l"l'R SE DIV ASB-300 
WUHIHG'fORo IX: 20591 

ABROSPACll CORPORATION 
P.O. BOX 92957 
A'1"l'H c. B. PBAJlLSTClll 
A'l'!ll IRVIllG H. GARPllllDL 
AT'l'll JULIAR RBUHB­
AT'l'll LIBRARr 
AT'l'll CllAJILllS GUBRllOll 
LOS AllGSLBll, CA 90009 

AGIABIAR ASSOCIATBB 
250 llORTB RASH ll'1'llD'1' 
AT'l'll LIBRARY 
BL Sml!IDO, CA 90245 

AllCO USBAR:ll IO SYS'l'lllS GNllJP 
201 UJWELL S'l'RD'1' 
A'l'lll W. LBPBBVICH 
WIUIIHC1l'ON1 Ill 01887 

BA'1"l'l:LUI lllMORIAL IMll'l'ITU'l'I: 
505 UllG AVQUll 
AT'l'll -8R1' II. BALZU 
A'l'lll llllJGllRB Ro ?ACK 
COI.IMBUS, OH 43201 

8111 CORPDRA'l'tOR 
7915 .JOllBS BMRCB DRIVB 
A'l'TR COIU'ORA'l'll LIBRARY 
llCLBAH, VII 22101 

- CORPDRA'l'tOH 
p,o, llOI 9274 
ALBUQUBRGUll :tlft'IRRATIORAL 
A'l"l'R LD 
ALBUQUBRgUB, .. 87119 

BlllDIX COllPOltA'l'IOllo 'I'• 
llllBAR:H LUOM'l'OllDI DIVIBIOH 
BlllDIX Cllft'Bll 
Aftll IWI PM!ftt 
SOl1l'lll'IBLDo HI 48075 
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BDDIX OOUOMTtoB 
lllVIGATIOB Alm> COll'l'llllL a.ouP 
A'l'lll DSP1' 6401 
'l'l'l'l:lalORO, 1U 07608 

llCSIHG COllPAllr 
P.O. &al 3707 
Aftll -AllD Wo 1IICll:LSU 
A'l'lll 0. B. ISALL 
A'l"l'll laVID -.t 
A'l"l'll B. C, llAllMllUI 
A'l"l'll lllft' 'nCB LIB 
8BA'l"l'LB, WA 98124 

BOC8-AI.18 AllD DllIIll'Oll, me. 
106 Al'Pla -
A'l"l'll. ... J,~ 
ATTR ftCll LD 
Till'l'Oll PALLB, llJ 07724 

BIJllJIOOGlm COlllORATIOB 
PIDIRAL AllD SftCIAL SYS'1'l:Hll ClllOUP 
CIR'1'RAL AVB Alm llOUl'll 252 
p,o. 1101 517 
ATTR AllGlllD J, -DI.ID 
PAOLI, I'll 19301 

CALSPA!f OOlll'OIUITtoB 
p,o. - 400 
ATTR 'nCB LIBRARY 
BU!'PAID, BY 14225 

CHARLA 8'1'AR1t DRAPP LAllORA'POH IBC• 
555 ncBllOLOGT BQtaRB 
Aftll a.ftK nR'l'IG 
A'l"l'R TIC H8 74 
CAllBRIDGE, Ill 02139 

CIBCUlll'l'I ILE'rNMIC8 COllPORATIOB 
2630 ~IllOllD .al> 
A'l"l'R IDU llAIKlllD 
CIRC IRRATI, OB 4524' 

C<llPU'l'lll 8CDllCIB COUOMTIOB 
6565 ARLillGl'Oll BLVD 
ATTR IWIOM 8RIGG8 
PALL& CllUICR, VII 22046 

COllPU'l'Bll 8CilllCIB COUOM'l'IOB 
1400 BAR llA'l'SO BLVD, • 
ATTR RICllAllD Bo DICIUIAU'I' 
ATTR ALVIB 8CBIPP 
ALllUgUllRQUi:, .. 87108 

COR'l'llOL laTA CCXIPOMTIOR 

P,O. - 0 
ATTR JIClt _. 
llUllBAPOLl8, lM 55440 

CUfLIR-RllllllBR1 me, 
AU. DIVIBIOR 
caw: -D 
ATTR BllWI> XARl'llf 
DllR ••• ft 11729 

DlllllOOD l11DU8ftll8, UC 
1009 B.....,.r DllIVI, • 
ATTR ftCll LD 
ATTR L. WllrHB laVl8 
AtllUgUDQW, .. 87106 
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MDIJOOD lltllOBTRilll, me. 
1100 GUlllDCm AftWJI 
Aftll It. 18 
LOB llllGll.a8, CA 90024 

11-s~. lllC 
GUllHVILLI: DIVI8IOll 
1'.0. - 1056 
A'l"J'll .lDLB'J'A MOOal: 
GUllHVILLI:. Tl 75401 

l:Fl'E'N 'rllCllllOLOGY, IllC • 
5383 llOLLlllTD A111:11UI: 
ATl'll s. ctm 
llAlft'A llUllAM, CA 93111 

llGr.G WASHJIK11'0N AllAJ.Tl'ICAL 
SDVICl:S CDftl:R, DIC. 

P.O. - 10218 
ATl'll c, GltSS 
AUIUQUSRQllS, wt 87114 

IXXOll llUCLSAR CCllPllMY, DIC. 
UHAICB llMD 'l'llCBllOLOGY Cl:ll'l'l:ll 
3955 GllORCa llASH:tllGtOR &Y 
A'ftM OR, A. 11, TRJVltLl'IB:::S 
RICIDAMD, llA 99352 

PAllClllLD C-M a1ltl l'll!ITIUllh'l' COO 
'"4 l:LLIS S'l'RIUIT 
ATl'll sa:: COii roa DAVID It. MYIRS 
llOUll'l'ADI Yil:W, CA 94040 

l'OIU> UROSPJICS • cx.IURlCATIOMS CORP 
3939 HBIAll WAY 
ATTM 'l'llC8"1CAL LIBRARY 
PALO ALTO, CA 94303 

l'OIU> Alll08PJICll • COMU!llCATIOllS 
OPllMTIORS 

POllD • JMBORllll JIOAllS 
A'nM QR C. A'l'l'IHGSR 
ATTM II. a. JOllCBLS'l', JR. 
...,_, BUCH, CA 926153 

FIWIKLill DISTITU'l'I, Tiii 
20'ftl ITRAT IUIO PAUllAY 
A'l'l'll IUIMlllC R, 'ftlOIU'SOll 
PllILAIJSLPllIA, PA 19103 

GllllDAL D'lllMIC8 COllP 
~ICS OIVISIO!e 
p,o, .. 11125 
A'l'l'll Mell LD 
IAR Ol811>, CA 9213B 

~ DYRMICI COllPOllATIOll 
1Rft1t-01VISIOll UlllCAEH LIBllAll'I 
UAlln llSIA 
p,o, IOX 80847 
A'l'l'll UllAICll LISllAll'l 
SAii 01800, CA 911:13 

GllRlllAL ILETRIC CO.-TIMIO 
CD'l'llCR POii AWAllCID B'l'UOill 
116 HATI llftllft' I IO DIWID QQ I 
M'tW llUUC 
A'l'l'll m!DSll Ro ll1l'llSRPOllD 
A'l'l'll lfILLlM llCllAICaa 
llllft'A IAMAM, CA 93'02 

DISTRIBU'l'ION (Cont'd) 

GDUAL u..c'l'RIC CCllPARY 
Ulll:WPllCS ~ICS IYITmE 
FllllllCB llOIU> 
A'l"N CllAllL&I Ito !DIBOii 
Ul'ICA, RY 13503 

GPUAL u..c'l'RIC CCllPllMY 
p.o. - sooo 
A'l'l'll 'l'llCR LIB 
BlllGlllllft'Oll, llY 13902 

GKHSRAL u..c'l'RIC CO, -'l'lllJO 
ALllDRDlllA OPrlCll 
llllfJ'IMafOll llUILDDIG, llUITI 300 
2560 llUftIMOl'at AllllllUll 
A'l'lll DUIAC 
ALllXAllDRIA, YA 22303 

G11N111AL RllSllAICll CCIU'ORATIOll 
SAllTA llARllAllA 
P.O. Ball 6770 
A'l'l'll 'l'llCR DIPO O!TICI 
SAllTA 1111.RllAM, CA 93111 

GllOllGtA DISTl'rll'n or 'l'lllC8llOLOGY 
GllORGIA TICll RllSIAICH lllSTlTUTll 
A'l'l'N R. CURRY 
ATUllTA, GA 30332 

~OllGIA IllSTITUl'll or 'l'lllC8llOLOGY 
Ol'FICll or CONTNCT AClllHISTMTlOR 
A'l'l'N RIIS & Ba:: COORD FOii llUGlf DlllHY 
ATLAllTA, GA 30332 

GR!MIAN UROSPACll CORPORATION 
80U'1'll OYSTD 1111.Y ~ 
A'l'l'R lt-01 35 
llllTRPAGll, HY 11714 

C11'S SYLVANIA DIC. 
~lCB BYll'l'IMS GRP-l!ASTlllM DIV 
77 A STQllT 

Aft'll CllARLSS A· 'l'llOllHRILL, LIBRARIAll 
A'l'l'R UIORDARD Lo BLAISDllLL 
lllllDRM, "" 02194 

G'l'll llYLYl'.MIA, IMC, 
119 I STUllT 
A'l"l'll Cl1ARL88 11, IWt8llOl"l'Cll 
A'l"l'll DAVlD D, l'LOOD 
AT'l'll DllL Po lllTCROlt 
A'l"l'll R & Y GllOUJI, MARIO Ao llUlllFOllA 
A'l"l'll J, llllUlRCM 
HDDllM •IGllTll, MA 02194 

HARRIS COllJIOMTIOll 
HAllRIS SDllCOROUCTOll DlVISIOll 
P.O. BOX •3 
A'l"l'll Y PUS & llGll PllQIS DIV 
llllUIOllRHS, PL 32901 

BUllLT!ft COllJIORATIOll 
tuLAlltl 'RCr\I> 
A'l"l'll TICR lRFO CTR, II. WAITS 
GIUlllMLAlftl, HY 11740 
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llOlllYllSLL IllCOUORATSD 
AYIQlllCS DIYISIOlf 
2600 RlllGaWAY PAllSllAY 
AftH 81.IC Liii 
ATTll lllCIUU.D R. .JOllll80N 
lt~POLlS, .. 55413 

-.!lfllLL DCDR-.'l'SD 
AYlOllICS DIYISlOR 
13350 u,9, llIGllVA'l 19 mMB 
ATTll 11.8 725-5, llTllCSY L GRAIF 
AftH If, I llTDIAllT 
ST, PllTllJtSllOllG, PL 33733 

llUGBllS AbCRAPT CC11PAMY 
Clllft'lllllIA Alll> ~ 
A'l'l'R ilOHlll B, SDIGLITAltY 
Aftll CTOC: 6/1110 
A'l'l'N lCIHllB'l'll R. 1111.LDR 
CULllBR Cl'rY, CA 90230 

IlT Rl:SMICB DlftlTUl'll 
l!La::TRCllAG COMPATAllILlTY AHAL CTR 
llORTlf SllllBRH 
AT'ftl M!<».T 
ARMAIOLlS, !ID 21402 

rrr RllSMICR IHSTlTUTll 
10 nsT l5TB STRll'1' 
A'l"l'M IRYlMG II. MDIDBL 
A'l'l'N .:JllClt 11. BRIDGll8 
CHICAGO, II. 60616 

DllTlTUl'llC FOR llBPllMSI llllALYlllS 
400 AMY-llAVY DRIVI 
A'l'l'N 'l'llCll 1111"0 HRVIClill 
ARLllfG'fOll, VA 22202 

IHTL TllL • 'l'IUGRAPB COIUIORATlOll 
500 llASRIHC1l'Oll AVlllUll 
A'l'l'N 'l'llCllllICAL LIBMRY 
Aftll ALllDHDlll To RICllARlll!Oa 
HOrU:Y, lU 07110 

IRT CORJIORATIOll 

•• o. - 81087 
Aftll C. II, WILLIMS 
Aftll ISllNIS SlflPT 
SAii DlllGO, CA 921311 

JA!COR 
Mlft'A llAllllARA FM:lLITY 
p.o. - 2008 
AT'l'R II. Ao MIJAllD 
MllTA 8All8AM, CA 93120 

JA1COll 
1401 Clllll1'0 mt. MU 
AT'l'R &ltll: 1', 1llMA8 
A'l"l'll RALN 11, ftABL 
D& MAii. CA 92014 

JA'ICCIR 
205 I Wll'l'lllO ...,...,, IUl'1'I 500 
AT'l'R LD 
lll&DRmtA, ft 2UN 
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QllAll ICISIED CORPOllATIOll 

1!>00 Gr.- <Jr T• OODll llOAD 
A'1'1'11 AYDT P. DIDGllS 

Aftll •· F08Tlll RICH 

A'1'1'11 llA14'S1I ll. -
A'1'1'11 P- H. S•LTOll 
A'1'1'11 .lllllRY Io LllBKLL 
Aftll NIL TRM:Y 

Aftll - STARlt 
COLORADO SPllillGS, CO 80907 

Llft<M S'l!l'rlMll, DIC• 
llA'lll SYS'l'DB DlVISIOll 
8000 llOOllLllY AVBMIJE 
A'l'ftll lllC GP 
Aftll MIM8-61 
Vllill WYS, CA 91•09 

LIT'l'Oll SYSTllMS, DIC. 
AllBCOll DIVISION 
5115 CALVIR'l' llOAD 
Aftll J • SKAGGS 
COLLllGll Plllllt, MD 207.0 

LOCIOmllD MISSLIS NII> SPACll 
COllPllNY, DIC 

P.O. - 504 
ATTN Lo -SI 
ATTN SMUU. I. TAIMIJ'l'Y 
A'l'l'll Ho ll. 'NA YN 
Aftll GBORGll r. llBATll 
ATTN UllJIUIIll T • 1WIURA 
SUNllYVALll, CA 94086 

LOCICllllBD MISSILIS AND SPACE 
CtllPAllY, IMC. 

1251 llMOVER S'l'Uft 
Aftll TBCll 11ll'O C'1'R D/COLL 
PALO ALTO, CA 94304 

M.I,T. Ll!ICOUI LABORATORY 

P.O. - 73 
Aftll r.S<lllA LOUGllLIN 
L&XlNarolt, MA. 02173 

MR'l'lll MRISTTA CORPORATIOll 
ORLllllDO DIVIS IOll 
P.O. llOI 5837 
A'l'l'll MOllll Co GRIPFITR 
ORJ.ARDO, FL 3280 5 

~ DOUGLAS CORPORATIOll 
POll'1' OPP1Cll llOI 516 
Aftll'l'CM lllmSR 
ST. LOUIS, MO 63166 

llCDORDLL DOUCL\S CORl'ORATIOll 
5301 llOLllA AYllfUI 
A'1'1'11 8'l'AllUIY ac.-IDllR 
ATTN TECH LIBRARY SERVICES 
llUll'l't1'0l'OM HACH, CA 92W7 

MISIIOM RDD1'Cll COUORATIOM 
PoOo D11AWD 719 
A'"" _, a.JllP 
A'Pl'll WlLLillll Co llAR'l' 
NPl'W Co IDllCMIRll 
llUftA !IARMM, CA 93102 

DISTRIBUTION (Cont'd) 

MlSSIOll RlllllARCR CORl'ORA'l'lOll 
Ill SYS'l'llll APPLICATIOllS DIVISION 
1400 SAR MA'rllO III.VD, SE, SUI'l'E A 
Aftll DAVID Eo MllRllfE'l'llBR 
Aftll Lo No llXONllClt 
AUIUgullRQUS, IM 87108 

MISSION RlllllARCR CORl'OllATION 
-SAN DillClD 

P.O. SOX 1209 
Aftll Vo A. J. VllN Llll'l' 
IA JOLLA, CA 92038 

MITRI CORPORATIOll, THE 
p.o. sox 208 
ATTH Mo r. FlftGERALD 
BllDPOllD, MA 01730 

MORDll!f SYSTllMS1 IMC. 
HllLU S'1'Rllll'l' 
A'l"l'N 'l'BCllNICAL LIBRARY 
RORWALlt, Cf 06856 

NORTHROP RlllllARCR 'l'llCllNOLOGY CBll'l'llR 
OMll UllllARCR PARlt 
ATTN LIBRARY 

llOll'l'llllOP CORPOR'l'ION 
llUCTRONIC DIVISIOll 
2301 WllST 120'1'H S'1'RE1!'1' 
ATTN LBW SMITH 
ATTN RAD Erf'llC'l'S GRP 
lllllf'l'llORNE, CA 90250 

PHYSICS IN'l'llRllATIONAL COllPANY 
2700 MDCBI> S'rRSft 
ATTN DOC COii 
SAR LllA!IDRO, CA 9"577 

RoloD ASSOCIATBI> 
P.O. 'BOX 9695 
A'l"1'1f So ct.AY ROGllllS 
A'l"l'M RICllllRD Ro 9CRAlllHR 
AT'l'W DOC COii 
A'l"l'll Mo GllOYlllR 
AT'l'W Co MACllOMAU> 
MARillA DBL RllY, CA 90291 

MD AISOCIATD 
1•01 •IJ.llON BLVD 
BU1'1'11 500 
A'1'1'11J.~ 

AJU.lllOl'Oll, 911 22209 

MRI> COUOIUITION 
1700 Miii ITllD'1' 
A'1'1'11 LIB-0 
A'1'1'11 Wo llOIUBT 
-A llOOCA, CA 90406 

RA.,.... CCJdlln 
llAllNIW. Mall 
Aftll Gll.-..r L JOBI 
HllPClm>, .. 017JO 

MnmDll CCllHlll 
528 ~ '°"' mao 
Aftll ......, Lo PYIC9D 
IUDIUll1'. .. 01776 
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RCA CORIORATIOll 
~ SYS!'mB DIVISION 
AB'l'RO lllUICTROllICS 
P.O. llOI 800, LOCUllT COIUIBR 
SAS'1' WINDSOR '1"0llllSBIP 
PRillCllTOlf, NJ 085'0 

RCA CORIORATIOR 
DAVID SANIOFr RDllARCH CllllfrlllR 
PoOo BOX 432 
A'l"l'N ACORITY DBP'f, Lo llDIICH 
PllINCB'!ON, NJ 085'0 

RCA CORPORATION 
CAllDllll COllPL&ll 
rllCllft' t. CXJOPSR SftUTS 
AT'l'll OLIVE WHI'l'EBllAD 
AT'l'll R. W. '!OSTRClt 
CNIDB!I, llJ 08012 

aoc:DllllLt. Dl'1'llRllATIOllAL CORPORATION 
P.O. BOlt 3105 
A'l'l'll N. J. 'RIJDilll 
AT'l'll J. Lo NOllROB 
AT'l'll V. J. MICHllL 
AT'l'll D/243-068, 031-cA31 
ANAHEIM, CA 92803 

ROCDlllLL IllTDllATIOllAL CORPORATION 
8PAClll DIVISION 
12214 SOl11'B IAUllOOD BOULEVARD 
AT'l'R B. Ill. WRITll 
IOllllllY, CA 90241 

ROCDlllLt. Dl'J'llRRATIOllAL CORl'OllATIOll 
815 IAPAlll B'l'Rllllll'l' 
AT'l'R B-1, DIV TIC (BM*) 
11L SllGGllDO, CA 90245 

ROCDlllLL Dl'J'llRRATIOMAL CORPORA'l'IOll 

p.o. - 369 
AT'l'll r. Ao SllAW 
CLDllPillLD, U'1' 84015 

8A-llUI AllllOCIATllB, DIC. 
95 CAMI. S'1'11l1111'1' 
A'ITll '-6270, Ro G. D88PATBY, SR P S 
llAllRUA, Ill 03060 

SCillllClll APPLICATIOllS, IRCo 
p.oo BOlt 2'17 
A'ITll HlllDSR1Clt Mo tDCHE 
aSRDI.ST, CA 94701 

ICIIMCll APPLICA'l'IOllS, IRCo 
PoO• BOlt 2351 
A'ft'll Ro PAtsnalOlC 
IA .JOLI.A, CA 92038 

ICillllClll o\Plll.ICA'l'IOlll, DIC. 
llUll'NVtr.Llll DIVIIIOll 
2'09 Wo CLDftOll AVWUK 
8UITll 700 
A'l"l'll -.I. Ro ll!Rll 
llUll'NVILLll, AL 35805 

ICU.:111 APl'LICA'tIOl9, IRC. 

"" ....,,.. DltI'ft 
A'l"l'll WILLINI Lo Cl!Mllft 
llCLAll, 911 22101 
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DISTRIBUTION (Cont'd) 

Sl1IGllR c<MPAllY 
A'l'TM• SEOllrrY 1111.llAGllR 

POR 'ftlCB DIPO C'l'R 
1150 MC BUDS AYllllUB 
LITl'LB PALLS, llJ 07424 

SPBIUIY MMD COllPOMTION 
SPBRRY MIC-A'VB ~ICS 
P.O. BOX 4648 
A'l'TM llAllGlllft CORT 
CLllAJlfATSR, PL 33518 

SPl:RRY MMD CORPOMTIOll 
SPl:RRY DIVISION 
ltllllCUS AVBHUll 
Aftlll 'nCll LIB 
GllSAT S:S:, \CY 11020 

SPl:llllY MMD CORPORATION 
SftRllY PLIGll'I' SYS'nll8 

P.O. - 211,, 
AT'flll 0. - SC­
PllOllllill, AZ 85036 

SPlU CQQOM'l'lOll 
P.O. BOX D 
AT'l'll .JDllll lie UGILtM 
AT'l'll ll)QD G. Llftt.S 
.-<llll>, .. 01730 

SRI Ill'l'lllllATIOllAL 
333 llAVSMllOCO ll'llftUS 
AT'l'll llR'r1Ql t.1111 1111.,._ 
fllllt.O llUllt, CA 94025 

S'lftlllll, SCDllCI DD IOP'l'llAR&, lllC. 
•• o. - 1620 
llftll ...... 11. llll.llOlll 
U. .JOLLA, CA 92038 

ftllAll Illl'ftUllSll'l'S, INC. 
P.O. - 6015 
Aftll ftCll LIB 
llT'l'll ..-..0 J. ""1lllS 
Diii.LU, ft 75265 

'1'181 ........ lo SNCS S11 GllOUP 
OS SPllCS PAlllt 
llftlr O, L AIWll 
llftlr II. L PLDU::ll 
ll'l"l'll L. II. l!llallOLill 
llftll L Ho llOLLOlllY 
A'l"l'll 11, <a-llO 
ll8DOllDO BDCB, CA 90278 

5() 

ftXAS 'l'ICH lllIVllllSlTY 
P.O. - 5404 NORTH COLUGll STATION 
Aftlll TRAVIS L. SIMPSON 
LUBBOCS:, ft 79417 

llllTl:D TllCHllOLOGil:S CORP 
HMILTON STAllDARD DIVISION 
BMDLSY llffBRllATIOllAL AIRPOll'I' 
llftlll CHIIP BI.IC Dl:SIGll 
llIMDSOR UlClltS, C'l' 06069 

lll:STillGllOUSS BLS:'l'RIC COllPOllA'l'IOll 
llDVllNCBD &HSllCY S'ISTl:MS DIV 
P.O. - 101164 
Aftlll 'ftlCR LIB 
PIT'l'SBORGB, PA 152 36 

U8 AJICY llUC'l'RONICS lll:SBAllCR 
lo DllVl:LOMBlll' COl9WID 

A'l"l'll 'l'ICHllICAL DlllBC'l'Cll, DllDl:L-cT 

BARRY DIJIMOMD LABOMTOllIIS 
AT'l'll CO/TD/TSO/DIVISION DIRllC'l'ORS 
AT'l'll ll8COllD COPY, 81200 
A'l'N llllL LIBRARY 81100 ( 3 COPil:S ) 
AT'l'll Rill. LIBRARY (llOODBRll>Gll) 81100 
llftlll TllClllllCAL lll:l'ORTS SRAM:H, 81300 
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