
/ *o—*no o:: HARRY DIAMOPC LABS
~~~wi;: A coMPuTER

IJNCLASSIF
I I ____________

~ g4DoI S _________________________________________________________________________________

_  

I

Sit-An! I
END I

DATE
FILMED

6,’77 I
I



I .0 ~ ~

1. 1 ~~~
.

• _ _ _

.25 11111~•~ fflD~

I



- -



~ I
-~~ 

-.
~~- Jr

*

~-~~~~e

-‘ 
~~~~~~~~ 

:~
4
~~~

_ 
- -

• - .~~~~~~~~~~~ :- ~~~
- - 

~~

-

-~~~~~
•- -. 

• -
~
‘ -• - - , - • -

r -‘ -
~~~~ . 

•
.~

•
~~~~~~~— : ~~ 

- .~ -

~
.-
~~

:- 

~~ 

-

~

4 .

a-



— _ _ _ _ _  •--- - - .

UNCLASSIFIED
SEC uRITY CLASSIFICAT ION OF THIS PAGE (Wh~~’ DM. .,. ~~

R~~~~DT IW1IMEUTATIAU DA ~~E READ INSTRUCTIONS
1 BEFORE COMPLETING FORM

REPORT NUMSER 2. GOVT ACCESSION NO 3. RECIPIENVS CATALOG MuMSER

~
I i_ 1_ HDL-TR- li~fl I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4. T ITLE (aid SubIIihi) . 
- - - TYPE OF REPORT I PERIOD COVERED

f~~4~ 
A Computer Code for Fitting 

~~‘\ ec~~il~~~~ ~e ~~t.-~~~~ ~~~‘~.!8tms that Facilitates the CalcuIa- ‘. P

L tion of the Fourier Transform~ 
r j  4. PERFORMING ORG. REPORT NUMSER

~~~~~ +HOR(.) S. CONTRA CT OR GRANT NUMSER(.)

r~ Michael/’Clodfelter M .__~~’5fl 
-

S. PERF ORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM El EMENT. PROJECT , TASK
AREA & WORK UNIT NUMSERSHarry Diamond Laboratories

2800 Powder Mill Road Program Ele: 6,27.04H
Adelphi, MD 20783 Work Unit: k3

II. CONTROLLING OFFICE NAM E AND ADDRESS ~2. RE

Director c1~ Apri.ö 77~~ -.~~~

Defense Nuclear Aqency ~~ NUMUE OF PAGES -

Washing ton , DC 2O3 05 .4s..-
14. MONItORING AGENCY NAME A ADDRESS(SI dIN.,.., : ft... Cait..fIIn 4 Otfi..) II. SECURITY CLASS.

Unclassified

Ii. . DECLAS$IFICATION /D OWNGR AO INO
SCHEDULE

~S. DISTRISUTION STATEMENT (of diJ• RipoFf)

Approved for public release; distribution un]J.mited.

fl DISTRISUtION STA ~~ENENT (of 0. .b.Noc a.I...d hi E1..k 20, If dIff., it ft.. . R.p.dI)

IS. SUPPLEMENTARY NOTES

HDL Project: E266E3~DRCMS Code: 697.P.GO22l1453
This stud~’-~~as sponsored by the Defense Nuclear Agency undersubtask R99QAxEAO94, Work Unit 63, Nuclear Weapons Effects Program.

IS. KEY WORDS (Cailffiu . a’,.,.... .Id. If .. c. .. y aid Sd..ISIV I~ Stock m boF)

Electromagnetic pulse (EMP)
Fourier transform

AS TRA CI (~~~~~~~ a’~~ a’ - ..__._ p fd~~ E~ Ay St..k .&.r)

‘1 The computer code EMPFIT provides a method to fit an electro-
magnetic pulse, as well as other waveforms, with as little as
15 to 30 points. The code EMPFIT allows the user to fit a smooth• curve to the data under consideration and to calculate the Fourier
transform. An examination of EMPFIT’s capabilities is given along
with th. procedures for using the code.

00 I~~~~~’!PI W3 E547100 0? S NOV UI& OSASI ETE uiici.~ssiri~~1 $ECUMI?Y c~~M5,1CATION OF ThIS PoSE (Na’ boF. ~~~~~~~

~~~~~~~~~~ 

- 
. — -



- • . .- . • -

CONTENTS
Page

I. INTRODUCTION 5
2. CURVE FITTING THEORY 5

3. PROBLEMS AND ERRORS ENCOUNTERE D IN CODING EM PFIT 7

4. DISCUSSION OF RESULTS 9

5. OUTPUT OPTIONS 19

6. DESCRIPTION OF EMPFIT AND ITS SUBROUTINES 20

7. DATA INPUT PREPARATION 21

8. CONTROL CARDS FOR EMPFIT 23

LITERATURE CITED

APPENDICES
A —SAMPLE RUN AND LISTING OF EMPFIT

B—SAMPLE INPUT DATA 39

DISTRIBUTION 41

FIGURES
I Curve that does not follow data points 10

2 Solution to problem where curve does not follow data points II

3 Curve that does not follow data points 12

4 Solution to problem where curve does not follow data points 13

5 Curve that does not follow data points 13

6 Solution to problem where curve does not follow data points 14

7 Curve that does not follow data points 14

8 Solution to problem where curve does not follow data points 15

9 Solution to problem of steeply rising waveform IS

tO Curve that does not approach zero nicely 16

3

- .—..— -. .•. —.-- —-- — .•.- - .—————- — .... _-..-_m ...-_ - 
_ L



I
I

II Curve that does not approach zero nicely 16

12 Solution to problem where curve does not approach zero nicety 17

13 Front of waveform differs significantly from rest of curve 17

14 Solution to problem where front of waveform differs significantly from rest of curve IS

IS End of waveform does not approach zero 18

16 Solution to problem where end of waveform does not approach zero 19

A-I Sample plot from EMPFIT 25

A-2 Sample plot from EMPFIT 26

TABLE
1. Common problems and solutions when running EMPFIT 12

_s$1~~ ,~l _____

h A  k~Iss
IX hs?l hs~hs, 0

a
weanII ..  

.. 

H
—-.•.-

~ 

-•. 
- . . .- .--.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ -



1. INTRODUCTION

The computer code EMPFIT was written to give a method for approximating the output
waveform of an electromagnetic (EMP) pulse with a relatively simple function that smooths out
small numerical variations, but is easily differentiated and Foutier transformed. In development ,
EMPFIT was coded from the theoretical work of Daniel F. Higgins.’ Also, the Fourier transform
code used in EMPFIT was written by W. Talmadge Wyatt of the Harry Diamond Laboratories
(HDL). As can be seen in appendix A . EMPEIT produces excellent results , but some care must
be exercised when choosing particular input parameters needed to run the code. This aspect is
dealt with fully in section 4.

A quite useful code, EMPFIT requires only a minimal number of input data points to find a
smooth fit to a waveform over several decades in time. Normally, digitization of a waveform
requires from 60 to 500 digitized points or more, depending on the wanted degree of accuracy
and refinement, but EMPFIT allows one to describe the waveform with as little as IS to 30
points. This aspect makes EMPFIT most attractive where th~ user desires a smooth curve
through data points and a “nic&’ Fourier transform (that is, low noise , smoothness). Thus, this
advantage makes EMPFIT a very useful tool in analyzing and describing EMP waveforms , as
well as other data that require smooth curves and nice Fourier transforms.

Regarding the operational aspects of EMPFIT. the code was written for a Control Data
Corporation (CDC) 6600 computer system at the Mobility Equipment Research and Develop-
ment Command (MERADCOM), Fort Belvoir, VA , using standard FORTRAN IV. The code is
run by using the SCOPE 3.4.3 control language. A Houston Instruments Complot Plotter along
with the appropriate software is used in EMPFIT to obtain plots at the HDL Woodbridge
Research Facility (WRF) . Listings of EMPFIT and the control cards necessary to run the code
are given in later sections.

In the following sections, the general theory behind EMPFIT is summarized along with
some problems and errors encountered while coding EMPFIT. A detailed discussion of the
results is included, as well as numerous examples of common problems and solutions to the most
recurrent problems. The output options of EMPFZT are numerated, a brief description of the
subroutines of the code is given, and a detailed section on preparing data cards to run EMPFIT
is presented. In the appendices, a sample run and examples of input data are given.

2. CURVE rri EING THEORY

A general, short description of the theory1 for EMPI~IT is now given. Let the input data
points (:,,j) for 1 ~ I ~ N be given that describe the general shape of any waveform f (t) that we
wish to fit. We can approximate 1(t) for t ~ t1 by an exponential that varies as e~, and for t �
we can approximate f (t) by an exponential that varies as e~~. For any time interval t1 S t ~ t~ + I
where I S I s N — I , we fit the data points with the function

f (t) j+, (t — t1) ~ J~
(t
~+, — t) 

(I)
‘1+1 _ t I

+ 1(81 + B~+,)( : — t1)(t — 
~~~ + C1(t — t1)(:1~1 — O~ + D1+1(:1+, — t)(t —

Daniel F. Higgins. A Method for Fitting EMP Waveforms that Facilitates Calculation of the Time Denvitive and
Fourier Tran sform , Defense Nuclear Agency Report DNA 32311 (November 1973).
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where

_ _ _ _  _ _ _  
I ), f o r2 �i~~ N — l , (2)

— t1 tf — t~_ 1 ~~ 
— 

‘I

—~f~” + ~f} ’1 (“ 6)
f o r 2 � i~~ N — I , (3)

(‘~+~ 
— tj’(t1~ , —

— 

~ir~ 
( 6)

for 2~~ i~~N— l. (4)
(‘~ 

— t4_ 1)’( t1÷, —

A brief, general description concerning the fit of equation (1) is as follows: the first term in
equation (I) is just a linear fit between the ith and (1 + l)st data points; the second term is the
quadratic correction based on an average curvature (Ba); the third and fourth terms of equation
(I) are used to insure that the first and second derivatives are continuous at the data points. The
values ~f~” and &11” are given by

~~~ = 11+1 ‘ —~~~~ ~‘‘~~ + 1(B~ + ~~~~~~ — t~) (5)
11+1 — tI If — If_ l

— 1(B~ + B~
_
~) t, —

= B~+~ 
— B~_ ,. (6

The exponential funcIio~is fitted to the front and rear of the data points ‘1,, f )  are
1(t) = A,e”t + A,e~

w , for t � t,, (7)

1(t) Aie .at + A4e~~’, for I ~ ‘v. (8)
where

A1 = (f ~ 
— A,e’~~) e~~’, (9)

k1 +k , (t1
6

t
1)

A, (10)

[~
a (ft — I

t)  +

(II)
- ti — t i

(12)
A, — [ IN — A,e ] e ’1”, (13)

k, — 
*4 (t

N _ t N_ I)

(14)[
~ 

+ (‘ _ t
N.

i)]
~~~~~

— 
1N 1N-I 

— l(BN + BN_ ,) (I N — tN_ I) — $fN. (15)
~N tN...I

(l6~
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The special parametric values for a and (3 are discussed in section 4. The following special values
for B,, 8N. C1. and I.)~ can now be given as

___  
I ), (17)

12 — t i 1,— t i

_ _ _ _ _  
I ), ( 18)

‘N — 
N —t  ‘N — 

‘N—i

~ -3a~ [ k, + *, 
~

t’ ~i)/(~~z ( f t  ~~li) )]
Ci = 

6(1, — ‘ (19)

*4 — 3(32 — 
*4 (I

N — t
N_i)/(~~ + ~~2 (IN 

2 ))]
(20)

6(IN —

Using the above coefficients, we can evaluate f(t) at any time z. The function given in equation
(I) is continuous, passes through the data points, and has continuous first and second
derivatives.

3. PROBLEMS AND ERRORS ENCOUNTERED IN CODING EMPFIT

In the process of coding EMPFIT from the theoretical work , several typographical errors
were found in Higgins’ report ,’ which are enumerated below.
Higgins’ equation (4) should read

_ _ _ _ _  
I )

1N — 1N—I 1N — N—i

instead of

_ _ _ _ _  
I )

~1N — tN— l 1N —

Higgins’ equation (20) should read

A, = (J~ 
—

instead of

A, — — A4e_ tmN)e~N.
Higgins’ equation (2 Ia) should read

— aEf(t) + A,e’~ }

instead of

di a

Daniel F. Higgins. A Method fo r Fining EMP Waveforms that Facilitates Calculation of the Time Derivative and
Fourier Traniform, Defrnse Nuclear Agency Report DNA 32311 (November 1973).
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Higgins’ equation (2 Ic) should read

df(i) 
— —~~f( :) + A4e’ M J

instead of

~~~~ 
f ( t ) A4e ’~’

di (3 $

Higgins’ equation (34) should read
= — ( l 8 C ~ + 6DN+I)(IN+i — 

~~) — (6C,._, + l8DN)(IN — 
‘N_ i)

instead of

= —(ISCN + 6DN+i)( I N+i — IN) — (6C., + 18D5)(1N —

Also, the following corrections were supplied by Mission Research Corp.
Higgins’ equation (2) should read

B = (IN+1 -I. I. -IN-i)( l
N 

— 
~. 

— ,~~, 
~~~~ 

—

instead o(

B = (f ~+~ I. 
~~~~~~~~~~~~~~• 

‘0+1 — 0 ‘N — tN t  ‘N+i IN)

Higgins’ equation (7) should read

— IN+1 — IN IN — 1N1 
— 4(B5 + BN+ i)(tN+i 

— t~) — 1(B5 + BN_ ,)( t N&flutI — ______

— 
~‘N ‘N — 

‘N—i

instead of

~~ ~~ -
~~ _ &_ k t  + 4(B~ + B~+~)( t~+~ 

— 1N) — l(BN + B~_ ,) (i~ 
— tN i).

~N+i 
— 1N ‘N — tIU.. t

Higgins’ equation (12) should read

— 3a’ + *, (“ “) / (a ’  (~j~”) + a)]
C, - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6(1, — I,)’

instead of

ks + 3a ’[ k ; (t~ 
~~“) /(a’(”~~~”) + a)]6

Ci - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6(t,— t ~)’
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Higgins’ equation (16 ) should read

-k 4 — 3~~ 
- A (I

N 

6 )/(
~ 

+ (32 (1
N 1%

1) ,, = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6(1,,,
instead of

— I~_~\ /1 /1% — 1N— ik4 + 3 ~~[ k 3 - k 4 ( -  
6 2

DN = 
6(1,,, — tN - i )2

There was also encountered a considerable amount of difficulty in employing the Fourier
transform as calculated by Higgins.1 This trouble, which was mentioned by Higgins,’ occurred
when computing some complex exponential terms in the Fourier transform. As it turns out, there
was encountered some high-order cancellation, which involved the exponentials e~” written as
(cos WI0 + I Sin w10) in Higgins’ equation (36). This round-off problem occurs since the CDC 6600
series computer has only 14-digit accuracy in single precision, and information in the sixth and
higher-order terms is lost when the cosine and sine are evaluated, and it is just these terms that
are required to find the Fourier transform. Even when carrying 28-digit accuracy in double-
precision calculations, the high-order cancellation is still evident. Although Higgins’ dealt with
this problem his report did not provide adequate information to solve this difficulty. Instead of
generating the necessary coding to handle the problem, the employment of an existing Fourier
transform routine was decided upon. As can be seen by the various plots in appendix A, this
Fourier transform code gives very nice results.

4. DISCUSSION OF RESULTS

Several troublesome difficulties encountered when running EMPFIT must be overcome to
run the code effectively. First , care must be taken when choosing the data points to describe the
waveform of interest. It has been noticed that the spacing of the points is somewhat arbitrary,
with the guideline that the density of the data points should be greatest where the function being
fitted varies most rapidly. This result can be seen in figures I and 2. Notice how figure 2 shows
data points being taken where the slope varies the greatest. Figure I is an example of poorly
chosen data pairs, in that not enough points were taken.

Another important aspect to note is that the values of a and $ in equations (7) and (8) are
very critical in the goodness of fit to the data points at the front and rear of the waveform. For
waveforms that start at about I shake (I shake = 110 ’ s) an~l end at about 1000 shakes, some
good values for a and (3 are

a l.2•lO’ ,

(3=S.0’ I0~.
These values are variable and change according to the particular data points of interest, but these
figures have been found to be the best in fitting the exponential functions (7) and (8) to the ends
of the waveform. It is important that the last few data points used to describe the end of a

‘ Daniel F. Higgins. A Method for Fitting EMP Waveforms that Facilitates Calculation of the Time Derivative and
Fourier Tran sform . Defense Nuclear Agency Report DNA 32311 (November 1973).
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Figure I. Curve that does not follow data points.

waveform should be decreasing toward zero so that the exponential function (8) fits a curve to
the last data point that asymptotically approaches zero. If a value for a is desired other than the
one recommended above, then a good guideline to follow is to choose a such that

It — I,

This has been found generally to give reasonable values of a and facilitate a good fit to the front
of the waveform.

A third troublesome point that happens occasionally is the fitting of the peak amplitude
value. It sometimes occurs that the peak amplitude data point is overshot by the curve being
fitted to the data pairs. Then it has been found that the peak amplitude point is matched only if
the data points are chosen very judiciously. A rule of thumb to alleviate this problem is to
choose the closest two points on both sides of the peak value to have corresponding time-change
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Figure 2. Solution to problem where curve does not follow data points.

- • separations and approximately the same amplitude value. This correspondence matches the
average-curvature term B on the opposite sides of the peak amplitude value, except that the
slopes are the same but have opposite signs. Hence, the curve going through these points goes
through the peak amplitude value, and the slopes on either side of the peak value are the same.
but are opposite in sign.

One final remark about fitting various types of waveforms concerns fitting a very steeply
rising waveform. A useful procedure is to choose as the first data point the peak amplitude
value. Then with a suitable choice of a, the fitting is done appropriately, as can be seen in figure
9 (p. 15).

These four problems and other frequent problems are summarized in table I. This table
outlines specific problems and gives corresponding solutions. It also refers specifically to figures
I to 16 , which show the problems and solutions. Examples of correct plots from EMPFIT can be
seen in figures A-I and A-2.
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Figure 3. Curve that does not follow data points.

TABLE I.
Common Problems and Solutions When Running EMPFIT

Problem Solution Figure
Curve does not follow general outline Add more data çoints to descnbe trace 1, 2, 3, 4, 5,

of data points more fUlly 6,7,8
Waveform is steeply rising Pick peak amplitude value as first data 9

point and then choose a accordingly
End of waveform is not smooth and Decrease value o(~~one order o(mag- 10,11 , 12

approaches zero with too great a mtude and add more points to de-
slope scnbe trace more fUlly

Front of waveform differs markedly in Decrease value of a one order of mag- 13, 14
sign and form from rest of waveform nitude

End of waveform does not approach Increase maximum time to be plotted IS, 16
zero (TMAX)

Peak amplitude value I. overshot Pick closest points on either side of —

peak amplitude value to have equal
lime-change steps and approxi-
mately same amplitude values
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Figure 8. Solution to problem where curve does not follow data points.
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Figure 16. Solution to problem where end of waveform does not approach zero.

S. OUTPUT OPTIONS

The following options are available when running EMPFIT. The specific places where the
card entries are made are documented in section 7.

a. Multiple runs
b. Plot titles and axes information (supplied in program)

( I )  I vs E5—time versus electric field strength—radial
(2) 1 vs E~—time versus electric field strength—vertical
(3) 1 vs Be—lime versus magnetic induction—azimuthal
(4) 1 vs J,1—.time versus current density—radial
(5) 1 vs J~—time versus current density—vertical
(6) 1 vs i—time versus air conductivity

c. Number of points calculated between input data points
d. Maximum time to be calculated

‘9
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e. Fourier transform—yes or no
I) Starting frequency

(2) Maximum frequency to be calculated
f. Ptots—yes or no

(I) Linear
Log og Ava ilable on curve fit plots only; Fourier transform plots are

Abscissa (log) always log-log
Ordinate (linear)

(4) Minimum value of ordinate to be plotted (does not plot data points below this
value)—.—useful w hen plotting linear or semilog and range of values is very large

(5) Curve fit plots—three plots may be obtained:
(a) Data points (plotted with X’s) and curve through data points
(b) Curve only
(C) Both (a) and (b)

(6) Plot and axes labels—may be entered by user if information supplied by program is

not sufficient

6. DESCRIPTION OF EMPFIT AND ITS SUBROUTINES
As shown in appendix A, EMPFIT consists of a main program and 16 subroutines. A brief

documentation of EMPFIT and its subroutines follows.
EMPFIT Main program: controls the running of the program and determines the number

of runs that the program makes by reading in a run parameter card.
INPUT]’ Subroutine: reads in all the input data, except plot arid axes labels, if desired by

the user.
CURFIT Subroutine: calculates the curve fit between the input data points.
FORT Subroutine: calls the Fourier transform subroutine FLINE, determines the

delta frequency, and separates the Fourier transform into its real and imaginary
components.

OTPUT Subroutine: performs all of the output operations and also calls COLMNS;
prints out the input data points, the curve fit data pairs and, if wanted, the
Fourier transform data points.

COLMNS Subroutine: outputs the information of OTPUT in columns.
PLOTT Subroutine: performs all of the plotting calculations and calls the plotting

package ANAPAC for plotting on the Houston Instruments Complot Plotter on
the Mohawk Data Systems remote batch terminal.

ANOTAT Subroutine: contains all the plot labels and titles (sect. 5) necessary to get the
curve fit and Fourier transform plots.

Al A3 Subroutine: calculates the constants Al and A3 of equation (7) necessary in
fitting the exponential to the front of the input data points, calculates also C1 of
equation (19).

A2A4 Subroutine: calculates the constants A2 and A4 of equation (8), which are used
in the fitting of the exponential to the end of the input data points; calculates
also D,, of equation (20).

20
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FLINE Subroutine: calculates the Fourier transform of the curve fit data points.
BN Function subroutine: calculates the coefficients B~ of equations 2), (17), and

(IS).

CN Function subroutine: calculates the coefficients C, of equation (3).
DN Function subroutine: calculates the coefficients D, of equation (4) .
DELFI Function subroutine: calculates equation (5).
DELF2 Function subroutine: calculates equation (6) .
ENTITL Subroutine: reads in the plot label and axes information if requested by the

user.

7. DATA INPUT PREPARATION
Input data cards for EMPFIT are prepared in the following manner. Examples of input card

decks appear in appendix B.
Column Variable Format Explanation

Card I: Multiple run card
8-10 NRUN 13 Number of runs

Card 2: Plot parameter card
10 IDENT II Identifies data to be read in

IDENT = I T V S E,~
- ~~2 T V S EV

- 
-

- 
- 

.

.
.

-
. = 3  Tv s B~= 4  T V S J~

= 5  T v s J~
= 6  Tvs a

20 • IFFI’ II Fourier transform?
lFF~ = O  Yes

~~1 No

t 30 IPLOT II Plots?
IPLOT = 0 Yes

= 1  No
40 ILNLOG 11 Plots in linear, log-log, or semilog?

ILNLOG - I Linear
= 2 Log-log
= 3 Semilog

Abscissa (log)
Ordinate (linear)

Note: Fourier transform plots are always log.
log.
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Column Variable Format Explanation

41— 50 ORDMIN ElO.3 Minimum value of ordinate to be plotted (all
points below this value are not plotted on linear
or semilog plots)

60 ICURV II Curve fit plots
ICURV = 0 One plot of data points and curve

fit

= I One plot of curve fit only

= 2 Two plots—one plot of data
points and curve fit , one p lot of

curve fit only
70 lOT II Enter own plot and axes labels?

JOT = 0 Use plot and axes labels supplied in
program

= I Enter own labels on cards 5, 6, 7

Card 3: Tit le card
1—80 TITLE 8AlO Title or subtitle

Card 4: Fitting parameter card

l-.7 — - — Blank

8—JO IPTS 13 Number of data points read in

11—17 — — Blank
18—20 MPTS 13 Number of points calculated between input data

points

21—30 TMAX EI0.3 Maximum time to be calculated in curve fit
calculations

31-40 A LPHA El0.3 Used to fit fit) = A1e~ + A,e~ to front of
waveform (good starting value: a I .2E +8)

41—50 BETA El0.3 Used to fit fit) = A2e~~ + A4e Ut to end of
waveform (good starting value: ~ = 5.OE+4)

51-60 OSTART El0.3 Frequency to start Fourier transform calcula-
tions

61—70 OMAX ElO.3 Maximum frequency to be calculated
Note: Cards 5, 6, and 7 are used only if lOT =
on card 2. If lOT = 0. skip to card S.

Card 5: Abscissa label card
I—tO XT1TLE A lO X label; start in column I

22
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Column Variable Format Explanation

Card 6: Ordinate label c ard
1—20 YTITLE 2A10 Y label; start in column I; on output , ordinate

label is only in A lO , A2 format instead of 2A lO.

Card 7: Plot label card
1—40 ATITLE 4A lO Plot label; start in column I

Card 8: Data card
1—10 T El0.3 Time value of first point

I l—20 F ElO.3 Amplitude of first point

Card 9: Data card
1—10 T ElO.3 Time value of second point

11—20 F ElO.3 Amplitude of second point

Note: Card 8, card 9, . . . are repeated with
respect to the number of input points indicated
on card 4, IP1’S.

Note: Card 2 to card 8, card 9, . . . are repeated
according to the number of times identified on
CARD I , NRUN.

S. CONTROL CARDS FOR EMPFIT

The follow ing SCOPE 3.4.3 control cards are necessary to run EMPF!T on the CDC 6600 at
MERADCOM. All the underl ined entries in the list are variable an4 must be entered for each
user.

EM_ — — .

TASK (TNEM _ _ _, PW , TRTS) [User ’s name]

AUACH, AGO, BINEMPFIT , ID = EM7I602.

AUACH, LIBA , ANAPAC , ID = EM71605. MR = 1.

LIBRARY (LIBA)

MAP (PAR])

AGO.
7/8/9
[Data)

_ _ _ _ _ _ _  _ .~__1___ . :‘ - - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - — —--~~~~~~~~ _____:
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APPENDIX A
SAMPLE RUN AND LISTING OF EMPFIT

This appendix shows a sample run of EMPFIT and lists its main program and subroutines.
Figures A-I and A-2 are samples of correct plots.

~~GN E T I C  INOUCT1r ,-R ’4iT~~L

10’ 
. ‘

l ’O~ 
— .

TIME ISEC)

Figure A-I. Sample plot from EMPFJT.
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F)~U~~[E R N~ F~~PM ~F PIPC.NETIC

FREQUENCY (HZ)

Figure A-2. Sample plot from EMPFIT.

•IOGfl , (NP~ IT V.174 0.1.1 fl N 4.S.410 lanan a 1) 43 .00

I 300U*N tUPPITl IU PUt ,aITPVT, T~PfI.I..vT.?* 34.0uTPv1 .taPt7I (NPPIT 1
CONNOUI*l IOIU’ ,IPFt .Tl?LIllSI,IPIO7 .IIlLS4.O~~~ lI VOPPiT 3
If*~ I3 ,$0 J  ~~lm f * PPIT a

10 P0IN*T l1J .I)I INPPIT 3
S J .O INPPIT a

00 00 L~ 1.MUl (UPPIl 7
• C* L L INPUTT INPPI? a

(AU . CUIPIT lupp I ,  a- I I F ( I P P T . 1 O . I 3  GO T O OS INPII? 10
I) (*tt. P ONT ISP,,, ii

00 COL t  00 U1 INPPII Ii
S P I I P L O T . 1 Q . I I  GO 70 30 .u.’u 13

INPPU *4
I P l J . , Q . I ,  W S I t t I a,a3I 1NPPII IS

4 ~ * POaNATII7NP N t a l l  JON PL DT I I  INPPII  Ia
C A L L  PL OIT 13P017 I t

30 (05* 100 1 * 5 P I I V  II
ISO 1NPF II  IS

f 26
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5 •~~~~‘ I S 3  5 P 3 ~ i4 l t4  O P T . )  *TPI  4 .4 ’423 I . / ) b / 7 b

S~ N~ 7~3 t I 0 4  IN PU T)
3 3~~P~~) I P I S P U T )
4 ~f l P 3 S F A /  lOIN) • I P F T ,T I T ~~l l * Q I . l P I C t ,  IL N I (G ,0100 Ih  7 P U T T
(P~ 0 4 4 l , #  T I * C O I . F I  IO0I. It P a$.II T * . T T ) I 0 0 0 ) . PI  1 ) 0 00) I 4 P U T T
~ LSS~ N I 3 I  T001 . I I P T S . N P T S , I P T S . ’I* IPI S . O P T I  I~) P U ? T  ~
~~~~~~~~ 0 10N .O S 0 0 0 T ,ONa0 .O 0) ( . * I ) 0 0 3 ) .P T T I 007 I  - ,~~~t t

(700 41( .#  1(005
(00004/0/ lOT I’•• ~~
O ) P I 4 S I ,. 0 T I T t l I ) 0 ) . , T l t L l ( ) 0 I. *t I T L I I 1 ~3 I  3~~’~~) t
O A T S  ‘ ) T L ( / I G ~~).  / P ~T T  I I
I I S O T S , * 0 1  lOll. ) . I F F T . I P I TT , I L N L C G .OIOPI’ I . I C U N V . III ~~ - 3 3  I.

I~ P 0 0 0 0 T I P . I 9 0 . l* l . I l 0. ) . i I 0 0 . I l I )  . P~J T T  I
~~~~~~~~~~~ I T I T L l I l  1 . 1.1 . 1 )  I ,~ ~t

l~ l 2 4 S & T I ~~A I0I  •,~ ‘ ‘ I
l I * O t S .,0 I I P T S . MPT I , TS a l , I I 0 0 0 . I TT O , 7 4 1 * I T . O S ’ U l

T O P 4 I N A ) l 7 I , I 3 . 1 O . l 3 , S * ) O . ~~) .~~~~i I
S P ) S . I P T S , I ,.~~~T r
I I I  17T . 2 . 0)  (.0 T 0~ 35 ) .‘~~ I I
( ILL  1 S T I T L I* . I T I T I O. YT I T L I ,A T T T L * I

.0 IS DO. I .0 , NP T $  ) ,~P’~J V 3  1
NIS O I S .4 0 )  T 4 I l . P I ) I I , p j I 1  ?~

‘.0 113106T ) j ) I0 . ) I  I . r~~ T 3  ~~.40 (041)47 *  • 3 P..
N)TUSII ISP  3 3  0

/ S  IPS O I I

S I* NOUT INI (UNFIT 74/74 OPT .1 P70 4.444*0 301*41)4 *1. 45 .0 0

ION•OUTIUI CUSP)! (UNFIT 0
• INTRIN OPTS (UNFIT

(00000/5/ t l I000, PI150I,&LPNI,NNT$,TTIISSOI.PP()500 I (UNF IT 4

4 (00000/U tNA).NPtS.S PTS,IP7$.N*IPTS.OPTI (UNFIT S
5 (00000/1/ A ) ,0 0 , a),U,C*,CN0l .Ol,00N (U NF IT  4

(UNFIt 7
1.) (UNFIT I
T l I ) ’ .SPTIlI ( UNFIT S
POl l ’ S.  (UNFIT *0

T O 0T( I I .T l l l  C U S P ) )  II
FF111.0. (P/SP IT 12
T)N P T I . l $ .TNA I  ( UNFIT  IT
CALL At A ) l * l ,* ) ,Cl I  (01,10 *4
(SLL 5044150,M, DNS I (UNFIT IS

15 10 H . t * J I — 7 ( J — I l  (UNFIT 14
0lL. ’* , ISP,S.lI C U S P ) )  I?

.0  T T I I I • 7 T ) l — * I . 0 0 1 .  (UNF IT  IN
I P I T T I I ) . L T IT I J )— O I L / 0 0 0 . I I  GO To io ( U N F I T  IS

4 I F ( T T U , . G I . V ( NPT S I I  GO TO 00 (UI FJT J O
0 0 T T ) I ) . T l J J  t u t r i *  i’

P F I I I . F l J I  ( UN F IT  1/
1.1.1  ( U N F I T  2 .

4 0 J ’ J• I  00 1FI )  24

• (.0 TO IC ( p O O P ) T  US
iS  *0 (007)000 ( UNFIT  24

I N I T T I I ) . G T . T I J I I  00 00 00 C U N P I T  /7
0101.aLPua.v700 ( UNFIT  0$
aNLa .i..aOGI ( P / S P I T  OS
PPIII .AI .1IPI$NGlI .A ) . I IF ISNGZI ( U N FIT  *0

10 1.1.) ( P /S l IT  ~)
• GO tO 00 (UN FIT I.

30 I F I T T I I I . L t .T I N P T ) I l  GO TO 40 ( UN F IT 3 ’
A00 3 .— SN?A STT III Cu ~ F lt  ‘4
£NG4 ’2 . PA501 (USF IT I’

13 Fp IJ) .Ai•f)P05500).44 05TFONNG4) (UNFIT *4
IF *TT I II.Gl. T SS2) 00 00 50 (UNFIT I?
1.1.1 (UNFIT SI

B GO TO JO (UNFIT IS
40 (001110 1 (UNFIT 40

f 40 O T . T T I I )— T l J — I I  (UN F IT 41
DT N.T l J I — T I I I I  ( U N F I T  Si
N TNI .T IJ I—TIJ — *l (UN F I T
D TPI .TT III—1541 lU sh ) 44
)IIJ.NI IPT*I 50 TO 15 (UNF IT 45

43 (SIt *l*4IU .V .NI (UN PIT 44
GO TO $0 (UNFIT 47

70 5.551/) (UNFIT 11*
NO PI .IFIJI’ST.PIJ—I I•*TNIIDTS* (UNFIT ‘.0

Fl..3.4N.IJ—II.SNIJII’S T~ STPI (UN PIT so
- • 55 P) . C5 IJ—) ) •5 t 0 IS T 5 ~ ’)) (UN F IT SI

Pl.S.505 .IOT505I (UNFIT Si
V F I I I.PI .POOPV. P4  CUSP) )  SI
1.1.)  (UNFIT  54
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II*NOUTIN( (UNFIT 74/)4 OPT. I PTS 4.4.4)0 10/15/74 * 0 .43 .2 0

GO TO 00 
CUOFIT 15‘0 CONTI NUe 
(UNFIT so$11011.1 
CUSF IT 57OPT00555PT) 
(UNFIT S~L.O 
CUNPIT S~00 *00 I.0.NPT$ 
C US FT T ao40 L•L4I 
CUN FIT 41TIL* .TIII 
CUI F0T aJF ILI.FOII 
LUN P IT i3100 COUTINUO 
(UNFIT 44NN TUN S 
(UNFIT 45OS ISO 
(UNFIT 44

I
II*NOUTIUN FONT 74/74 OPT.I FIN 4.0.4)0 Il/IOnS 11.45.00

I IUSNOUTIN) POS T 
PON T 1SOIL IPPT 
PONT 0l OT ION S OPTS POST a(ONPtII PT 
PONT SS (00000/i/ TIIONI .POIONI .*LPI .A,NNTI .,T)I500I,FP1155 1 FONT 4(00505/Cl TSIl .NPTl .IPO5, IPTS.0*IPT* .OPT$ PONT(11010515/ •NLP ,SIT*NT.OS*I,OSNGOSISSS I P110550 1 PONT NC ONION/,/ £O.1l.*1.M.(I.C I.5l.~~~ PONT(00500/Fl NPPT(I510I. I*FT(IONSI.IONIIIONOI FONT *0IS 0411 TOPIIO.li)l55*i 
POS T T IOU IAIII’5$?UT 
FONT IlSILP~ I00II/5$TINT ISSI*./IsPfl.I)I FONT I)50 IS J.I.OPIS 
FON T ISCO Lt FL(USIPTIJI.151UIJ)p?SpI.171p1,*p,11 PONT UsI, SNNAu,II..,500JIs,Ntp 
PONT I~*0 CONTINvI 
PON T 17OS NO 4•1.OP?$ PON T *•PON T IS
PON T is00 ‘5~~”T04*~~*.IPP1*JI..1 PONT 11&ISSI JI.$Nt(I50O 
PONT ii• 00 COUTINIJO 
POS T J*NNTt*u 
PONT JaN UN 
VOl T j

~
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I~SN O T  IN) 0TFUT 74/74 OPT.) PIN 4 .4 420 Il/ Ia/la I 5.45./I

I S UNNOUT ONI OTPU T OIPU ! J
IST I~~ I OPTS OTF UT S
(00P110 Ft OTPUT P.
(0000111*/ lOO N ! . I F P T . T I T I N T I * ) . I P L O T .II.U100.0NDPIS 0TPUT S

S (0050$/NI T ( I O O I . F I I O O I , I I F N* . l ) 7 S ,TTI I 000 I .FFI I000 I OTPUT a
000UOS/C , T510 ,NPT I . SFII , I P T I , SA * F T I ,OP T )  OTP UT 7
(005311/0 / O NLF , OS T SN T ,OSI* ,OSNGA(I000) . F T I * 0 0 0 )  O TP UT N
(OJIS0N/14J 101 OTP UT S
01 5545104 *TITL)lI0) . I T I T L ) I I O I  .IIIT LN(I0 I.V T I T L I ( I O )  OTFUT 10

ID OATS IT I TLN /I O •I H ,.FT ITL N/1 0 . I U / .IT ITL O/l O ’lH l.71) TL0/I0 ’L’l I UI FUT II
I F II O T . I 0 . I I  (.0 TO S IOTF IP T *2
(*1. 1 *461* 1 (11111 l ,T T I T I C  .4! III) ,GI OT PUT 5 3
GO TO 7 OIPUT *4

S CSLL III T I T L I O . X T I T L O . V T I T L ( .* T I T L I I  UTFUT IS
(3 7 I N I T O ) 4 . ) O I  - CTPUT to

15 F011114ISPII OTP UT * 1
NSI T *I4.O OI IT I T L N III.I .I . II .J TFUT IN

JO FCSN *TIII.54 *OI LP TPUT I’
IN )T )14.IOI I A T I T L N I I I , I . I .S T  (JTFU0 JO

TO FO S5*TI/ ./,40 . (.)NINVUT 011* — .4* 1* 1 UT PUT UI
SNIT))4, ’.QI OLPN * ,10TA .l 510 .IPTI.SFTS UTFUT 22

4 i~ *1~$NU T I/,/,5I, 7N *LFKI . .IF1II .T.5I .&UNIT* . .IF (*l. 3 .S0 . O TFU T / 1
) 3 ) O N S I ( 5 p J M  T IP)  TO Il C I L C U L A T N O .  • I P N I I.3 ./ , $ I,  UT F UT ~‘.
/2 975751 IN OF INPUT COTS F0I l . T 5 .  • )3 ~~55 , f i TF u l  00

24 O SSPINU SNN O OP POINTS (A LCU LSICO •ITNUN IN PUT OATS POINTS. ,1 3I OT PU ) /4
.NIT5(a,S QI I T I T L I I I .V TI T LO) II .V T I T L I )2I • * T I T L N I I I . T T I T L N * I )  • h IPpO ) 27

I T T I T L I I J I . O T I T L O I I I ,T T I T L I I I I . Y T I I L . l (2 I  IJTF UT 24
So FON I*TI/./.Il * .*lO, 41 .A15.Al ,UIIOO ,5& C.o0.SlQ ,5/ II OT FUT US

NNI 0)I4 ,4Ol L ,TPU T IC
35 40 F0IN*TUIIl * .211I N— II I O TFUT SI

CA LL C OI.$USU.IP?S.T ,FI OTFUT Il
W N IIO(4, N OI IPTI (PTPUT 33

SO FO SJATI I.ISI. *N HNUONIN OF P01501 • .131 (JTFUT 14
N *I 7OI4.N0I ~‘T PU7

ss ,o FONNA TI/,/,40,2J N (IINVO FIT CAL (UI.*TlOU$I t TP U T 34
$N IINI4,NSI 050514 (TP .J T It

43 FONS*T6/,/,5 *.4154I5INUN VNL U I OF 0IOINAT I TO IF FLQTT)O. • OT FU ) ~I* IPIGI.)I ITPUT 34
INIT NI o,SOI * T I T L O ) I I , IT IT L O ) l I . Y T I T L O I J I  . * T I T L I I I I . T T I T I l  I I )  • GTP U T 46

40 IYTITLI)JI,I T I T L0I * I. IT ITLO)II, V TITL(IOI U TF U T SI
NIT1TIO.OO) 0TPUT S~(ALL COLNS SI).SA *FT3, TT .FF I UTP U T 41
NNI TO)4,I0) SIOFTU UT N U P ‘.4
IF II FFT .IQ .1I •ITUSU OTPU 0 45

45 (411. 450T *1)OI ITLO.V1I1t$.IIITLO.03 OTFUT ‘.5
W N ITUS .IOO I IJTPUT 47

*00 PON$ITI/,/.4I.)O$P0I*ItS INI$ SP010 (ILCU LA T IONSI fi TFU l 4$
NN ITIII.IlOI OST*IT ,01LF .ONAI ((OPAl 45

110 F0451TI/./.55,i1#$TOITTNG PNESJIICICIISUI&I. .*P$11.).U. fiTFUl 50
SO II7NSIIIO P* (SUNUCT . •*P0II.).I.~ S, 0TPUT SI

Z)OIONAII500 PNONUNU C S TO N I CALCU IITNO. ,*P$II .3) O !PUT Si
• IN IT014. *OOI NTI TLI(II.V TI TLIIII .*T ITL 0II I .YT TTLEIII DTPUI 33

100 PO NST /,/,011NI,*10,ItI.110.TSI,/.0)1 1.4ON5AL.1O ,SNlN40150tl . OTPUT 34

SUSSOUT IS I OT FU I 74~74 OPT.I FTN 4.04420 *0 /14 /74  *0 . 43 .20

0*011 OTPUT 55
0% WSI TCO4,IOOI OTFUT 34

• 1)0 FON SITIJ( *1l,flI Ia—II I OTFU T 07
($1.1 C01541IJ, OPTS.00000 ,FT I DTPUT SN
NNITC)4.IOI OPTS OTFUT 3$
I1TUSS OTPUT 40

40 ISO OTPUT 41• (
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S~~~P I l - I I’ .l I p O N S  70 /14  D P T . I  P 14 4 .4.620 1 2 / I a / t O  15 .45 .4

I SUN 000)I5I CQI 5U5)(,IPTS.I.V I COL O N S /
(3001.10 PT (0(050 1
015111104 1 1 * 1 ,011 1 COI NUS
(00504/6/  II L F ,01T*NT .051I.ON1GAII000 I .FIII00 0I (01500 5

S ) P I L . I S .T I  ~0 TO So COLONS
)4( .IFTI// (0108% 1
) 4 .S O DI IP T S.Z l  (SINUS
I(Ot . IS( . I
) P I II .T l .OI  (.0 TO II (•J1040 11

*0 PI ). .P 4 .II GO TO 50 (uLUSS II
. 1177  P . / 6 1  )0500 * I3) . P I )  IP,O*(.I1)’I4( ,,FT(I•I4 ( .1.1. INC I ( (04 . I.

/0- • I O A ’ ) p ) I I I . I P I I * . I , ) ) . I F P I I . I . i* . IF I* I . I I I  )~~I5 l .S  I T
.4 T •~ ( .LN8 S I’.

PC . U I T )  4 , 2 0 )  )OSNGI I I ) .P T I  II,05l 1.III.I(O(I .1 3 1  I. I (O ( I . I I, IN( 5 (0 1585 IS
1’ • I I T I I O , 2 Q )  OS N G S I I C U L I . VTII( O t l (.1041 4

(.1’ T O. 0). p - I _ S 3  II.. . I 4( .SFTS/i ( 1 ( 0 4 9  II
)S.13 )4FT$,3I (~~1fl40 IS
I C 0 L . I P I ( • l  I U LUPSS  00

14 I P I I S . lU.0I  GO T~I SO (OL ~~4S / 1
I I I I S .lQ .II GO TO 70 (61.543 P~
IP(IN .PQ.PI GO TO 00 O rl IOPSO

SI a N I T N I 4.O0l ) T I l I  ,01 I I .OII*IN(I. V I I • I 4(I, III•i’II(I.TIIOO•ISU . (0(0I9 iS
11 .1,1 4(1 (1(551 23

24 41 FC N5IT I , I I* 0 ,1P011.3,) I , IFNII .OII  (01557 24
1.1 TO SO (~~L •8 S 2)

PU IN IT$54.40I (X)II.?IIp, III.IC 01I.l)I.I (OLI, 1)I.j .I(OL—I I. (31(500 20
IV I I . Z • I ( O L — I I ,I.I,IN( I (71041 / 4

N N ITI IO.OOI  I ) IC O L I , V I I (OL I  ( 0 4 0 4 0  10
50 (.0 TO 40 (01.50% SI

NO IUIT010,40I l0i)I ,?III,It I .IC 01I ,IlI.ICOLI ,15I.J.ICOGI , ((45119 Ii
11OI .Z ~ I(OL), I ’l.Il( I (01545 13

NN ITNIO, 00I I I I (3 I . I ,? I I C OLI .Z l0• ICOt I . V ) l • ICOL I  (0(54 1 14
NO (OUTIUUO (0151% 33

53 NNTU U N (01545 38
• 0*0 (01055 I)

ISN O U T I N I  P IOTT 74/74 OPT .I PTN 4.4.620 12/ Ia /lI *0.44.20

I IUNN OU T IN1 FI OIT PLOTT
SOIL 1FF ! PLOT? 3
1411011 OPTS PLOT)
(OSP LN X F T PLOTT S

S (05000/A/ IIN ST ,IPFT . TT TL I(I *I,IPL O T .ILILOG, 0 10515 P1011 a
• I (00 0011/NI Tll00), F )IOO I.AL FN * ,NITA .TTII000I,FPSI000 I PLOT? S¶ ( 05505/C/ TSA I.NPTS .NF TG .IFT1.5**PT0.OPTS P1001 N

4 - 
( 011005/OF 00LF ,OSIINI.ON*I ,00Ct*OI0001,PIII005I PIOTT N
(05505/IF *I,iU,10.A4 .(t .CN 5l ,01,55N PLOT) IN
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1.3351*03 1.3411—0 7 6.0111—C l 0,3101*05 -2.0100—Cl —1.3731—03
I.4S4(.03 1.0551—C l 3.54)0-01 5 .3*31*04 —2 .5551—0 0 1 .5011—ON
).3S2**~~3 1.0921—0 * 3.3431—07 1.7061.05 — L I P O l — O S  1.521 ,—Il
l.s04..0S 1.4120—0 7 4.3471—01 5.1530*04 1./ ISO -OS I.QS.F— ,
0.5101*03 1.4501—S I 4.4241—01 9.3211*05 1.0441 01 S.;b&~ - 09
1.1470.03 1.3410—Cl 4.55*1—0? 1 .0071.07 1.2300—C O — 7 . 1 3 4 1 - 0 0
1.1)11.03 1.0401—0 7 4.0530—C l 1.0341.07 —3.1011—01 —l.325 ~ -II1.524 0.03 S.1151—C l 1.9740—01 0.1031.07 -1 .35 11—C l -J.7l71-05
1.01)1.03 7.6201—00 1.5441—07 1.1541.07 -7.4030—0 5 5.’I’l— I .
2.0070.53 4 .3575—00 1.70)1—07 0 .2051*07 3.1111—0 5 9.007~~-~~*
1.2031.0) 1.3451—0 0 5.6161—0? 1.2*4147 0.3430—09 — 0.~~I91— ~ S
2.5560501 3.4351-01 0.3530— 07 1.5251.07 —2.5741—Il —7. 2701— 04
1.4130.03 4.5005—0 0 3.6240-07 1.0*41.07 —3 .115*—OS -0 .7410-13
1.3251.03 4.4131—C O 5.5420-01 5.6041507 —5.1355—ID 4.3075-05
2,3431.05 4.7*31—CO 3 .2791—07 1.314 1*0 7 3 .3 ) 5 5 1 - 05  S . 4 I l , - I~1.764*403 4.3101—00 1.2145—01 1.3171*01 -4.4551-lI -/.7511-1*
2.0571.03 4.1211—00 0.3031—C) 1.0414*07 -2.0204—03 7. 711.-I’.
1.0311.53 3.0535-05 5.5375—07 0.7550*07 0.4250—0 3 0.23)1 —05
1.17)1*03 3.6451.00 1.0300—01 1.1131*07 3.0011—10 —1.0300—05
3.0 1*0 .03 5 .00 71—C l 3.5530 -01 1 .5041.07 —0.1300-0 *  5 . 7 3 2 0 - 0 0
0.47*1.0) 6.3470 -0* 2. l f l l—O P 1.5920 .07 1.0111—15 I -- So’ —~iV
l .407 N•03 7.0440—O S 3.1145—OP 3.0131*07 1.3430-13 -0.5031-0
3.0541003 7 .720 1—O S 2.7131—01 2 .0524*07 —0.5501—03 1. ’ P11-OS
5.5041.51 1.4831 —Il 2.6431—67 3.20)0*01 0.4*10-43 7.4151-10
4.1650.04 3.0611-50 2.3141—0? 1.1500*07 —0.1750—10 -1.1111- 01
4.3470.03 3.6031-00 1.4720—01 1.3501.01 —3.1 05 5 — 0 0 0.0041-0’
4.3540.61 1.0460—0 7 1.5101—07 1 .4171.0 7 5.5310-10 -ld330-lC ,
4.7750.04 3.1511—0 1 1.1011-4) 0.1050.07 —4.1431—lI — 8 .3140 11
‘.MI150’ I .r,u -C 1 1.1*71.1, 3 .6605.51 0.3 *03—10 ~.31QO - 71
~.l0S0A03 0.2670 —07 1.0300—Il 3.0000*07 1.1031—10 — 5 .3500- lI
3.4175.03 1.3340 -0 7 1.5345—03

SUIS IA OP P 00 5 7 5  • 0 7 7  37
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APPENDIX B
SAMPLE iNPUT DATA

This appendix shows examples of inpu t card decks of EMPFIT.

2 3 4 5 5 7

2 1—1.000 1.03 2
0535030*141 I I I

45 0 1.5001—02 l . Z 0 0 0 * C 9  5 .0000.0* 1.0001.00 3.0005.01
0 .2a3 1— O 1- --4 .5S) l ’ O O
I .0 1 5 1 — 0 7 — O . l l40 .OI
1 .50*0—07 .4 .3035.01
1 .1710- 03-O .46N0.02
O .57S1—07- . . 7141. O3
3.15 11—07 -7 .1751.02
2 .4431—07—I.Sl 6l.03
2 . 33 5 1 — 0 1 — 3 . 3 3 4 1 .3 1
3 .530 1—01—5. 557 5* 3 )
5 .0055—07—2 .1.10 1*04
3.1171—01—4.3061*04
4.0000— 1.1— 3 .1411.05
4,3501—1. 1 1.3501.02
3 .S750— 07 5.ISII*0 l
4.5431—01 4.S5Zl.05
7.3075—07 4.0050*00
0.045 5— 0 1 4.70115 03
5.5730—07 4 .107 1*03
5.7505— 07 4.3241*03
0.1011—00 5.4520*03
1 .3531 05 1. 6531*01
0 . 7311—OS 1. 10 30* 02
I .090 5 0a —4 .5255 * 0*
* .000I—06-3.3701 .03
l.3150—05 6 .02 C0*03
3 .ICOI—4l —4 .  735 1.01
3 .0001 C5 -1.6470 . 05
4.3010 01 l .2220 *04
3 .1451-OS- l . I ’ . ?C ’ 04
0 . 1 0 3 0 — 0 5 — l . l 2 0 1 ’ 0 6
0 . 2 1 1 1 — 0 3 — l . 1 1 3 1 . 0 4
0 .5ll5— 05-0.1161 04
0 . 03 1 0 — 1 . 1 4 0 1 ,0 4
I .) 3 1 1— 0 S — I . l 1 I l . 0 4
2.3300—Oi—I.2940*?4
3 .11*1— CS— I .3125*14
3 7345—03 1 *711.1.

O .I000-01.-1.643 1.OA
0 .1001—C0—1. 4700*04
l . 1001—C.4 — I .3551 ’ 04
2 .3331-I16-l . )431•04

F- 3 .4 3 3 1- 04 - I . 0001*04
4 .2005 — 0 4 — S  .3300 .03
3.000I—Oo — 4 . 400I’ 03
5.S030 34 1.0300.01
5 .0 G51— ~.4 - F .~.001.O3
l .3000—13— 0 .2301 .0i

I 2 5 • 5 4 7 5

4 0**

I 1-1 .333 1*35
l,~~7 3 1 1 * 3 * 5 3 3 7

1* 4 1.3330 ~~~ I .23 ) 3 .70 •_) 330.76 I.sO)l.)5 4.3331 ~S7
51 0 0  0111
5 t h  5
1155 0 ( / 5  (1011

3 .5 0~~~ - 3 5  1. 0 2 7 1 — 0 5
0 . 2 5 , 0 — C l  0 . 2 5 7 1 — 04
3 . S 3 S ~~-)7  9 . 5610 36
I.7SJ .~~77 1. 7 * 7 1 - 3 4
5 . * S) l - ) ~• ~ _~~O~~5 — 3 7  1 . 23 0 1 — 3 4
0 . 3 1 0 5 - 3 ?  5. 4511—33
1 . 5 3 1 5 — ) ?  1.,3S1— 35
~ .39)’-3? 5.7335—3 3
I.I3Ei- ). I_ bill—O S
l.31~~l -35  1 .2101—33  _________

l . 033’ -)S 0.5305-34
5.63/1 — 73 4.0420 31
I . 2 3 5 5 25 0 _ ISIS—OS
5 . 3 ) 5 5 - 3 *  1. 3530-51 EDIIG p

~ag rrxj.~~
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D I S T R I B U T I O N

CEFYNSE Oc1CVMESITATION CENTE R DIRECTO R JE DEFENSE RESEARCH DEE Cl/IKE OF STAFF F~ R ?.SCH 0EV 6

CA/ST ROM STATION , BI -I LDIF1 ; S F. INEEPCNC DEPAR TMENT OF THE ARMY

ALEXA ND RIA , VA 223 1 4 DEPART MENT OF DEFENSE WA SHINGTON . DC 20310

ATTN DDC -TCA ( 12  COPIES) WASHINGTON . DC 20 301 ADIN DAI-SA-CSM N , LTC 0.  OGDEN

A I~rN OD/SOSS
COMMANDE R COMMANDER

U S A  PSCH 6 STI) OP (E UR F COl-SISANDEP P ICAT INNY ARSENAL

BOx 65 FIELD COMMAND DOVE R. NJ 0790 1

FPO NEW Y~ RX 09 510 DEFENSE NUCLEAR AGENCY ATTN SAPPA-ND -D— B • EDWARD .7 - lOANER

ATTN 1.TC JAMES H .  KENNEDY . .15. ICIRTLAND AFB . NM 87115 ATTN PAUL HA RRIS

CS/lEE.  PHYSICS I MATH BRANCH ATTN FCP R ATTN SARPA-ND -D C-2
A TTN FCSI4-F3 , COP SI-IITH ATTN SARPA-ND -W

CON/WIDE R ATTN SARPA-ND -DA-4

US A 50SY MATERIEL DEVEWPMENT DIRECTOR ATTN SP.RPA-T74 . 95~RTOH V ERAS/E S

I READINESS COMMAND INTERSERV ICE NUCLEAR WEAPONS SCHOOL ATTN TECHNICAl. LIBRARY

SOd EI SENHINOE R AVENU E KIRTLAND AFB , NM 87115 ATTN HYMAN POSTE RS/AX

ALEXANDRIA, VA 2233 3 ATTN TECH LII
ATTN DR%R24-I’L, HQ TECH LIBRARY ioTTS0 DOCUMENT CONTROL COMMANDER

TRAS AMA

COMMANDER DIRECTOR WH ITE SANDS MISSILE RANGE , NW 8900 2

CSA ARMAMEN T COMMAND JOINT STRATEGIC TANDET PLANNING ATTN ATAA -EAC . FRANCIS N.  WINANS

RC)CE ISLAND . 10. 61203. STAFF , JCS

ATTN CIPSAR-AS? . FUZE DIV OFfl1DT AFB COMMANDER

ATTN DRSAR-Rt)F • SYS DEV DIV - PUZES OMAHA , NB 68113 US ARMY ARM O R CENTER
ATTN SE INED LIBRARY FORT 1F300X , HE 40 121

COMMAN DER ATTN JSAS ATTN TECHNICAL LIBRARY

USA M ISSILE I MUNITIONS CENTER ATTN SPOT

~ SCHOOL CHIEF

REDSTONE ARSENAL . AL 35909 CHIEF US A RMY COMMUNI CAT ION S SYSTEMS AGENCY

ATTN ATSX-CTD-F LIVE R/lORE DIVISION , FIELD COMMAND DNA FO RT HONO5)tJT1I , NJ Q7~~C ) 3

o.AWRENCr LIVE RMORE LABORATORY ATTN SCCS4 A/)-SV (L I P . R A R Y F

COMMANDER 151 CHIEF P.O . BOX 808
US EUROPEAN COMMAND, .JCS LIVERMORE - CA 94550 CCI4I4ANDEP

APO NEW YORE 09120 ATTN FCP RL US ARMY COMPUTE R SYSTEMS COMMAND

ATTN TECHNICAL LiBRARY FORT BELVOIR, A 22060
NATIONAL COMMUNICAT IONS SYSTEM ATTN T~~ NN ICAL LIBRARY

DIRECTOR OFF I CE OF THE MANAGER
DEFENSE ADVANCED RSCH PRO.7 AGENCY WASHINGTON . DC 20305 COMMANDER

ARCHITECT BUILDING A n N  NCS-TS, CHARLES 0. b OSON US AR/IY ELECTRONICS C OMMAND

1400 3(11.5071 BLVD . FORT MON3IOUTH • NJ 07 703

ARLING TON, VA 22209 NATIONAL COMPVNICATIONS SYSTEM ATTN DASEL-CT-HDK, AB RAMAM F - COHEN

ATTN AD/EIPO GEORGE H - HALMEIER OFFICE OF THE MANAGER AT~ s ORSEL-CE - T - PR! IFFE R

ATTN TECHNICAL LIBRARY WASHINGTON • DC 20 105 ATTN DRSEL-TL - ND • GE RMART K - GALL.E

ATTN NCS-TS , CHARLES 0.  bOSON ATTN DPSEL-GG-TD • 31. R - WE RE

DIRECTOR ATTN DRSEL TL ENV , HANS A BOMFE

DEFENSE CIVIL PREPAREDNESS AGENCY DIRECTOR ATTN DRSEL-TL-ME , M W P00SERANTZ

ASS ISTANT DIRECTOR FOR RESEARCH NAT IONAL SECU RI TY AGENCY ATTN DRSEL TL IR , ROBERT A .  FRE IR E RO

WASNII9GTC*l, tiC 20303. FT - GEORGE 0. NEADE - ND 20755 ATTN DRSEL WL-D

ATTN ES (AN D) . ROOM IC 535 ATTN 0. 0. VAN l~J NTEN-R 425 A 1TN DR EL-NL D

ATTN ALOIIN OFFICER ATTN TECHNICAL LIBRARY
ATTN RZ( !O ) COMMANDER-IN -CHIEF

OJCS/3-6 US ARMY EUROPE A/ID SEVENTH ARMY

DEFENSE COMMUNICATI ON ENG INEE R CENTER THE PENTAGON APO NEW YORE 09403

1860 WIEHLZ AVENUE WASHINGTON . DC 20303. (HEIDEL bERG)

PESTON , VA 22090 (C000IUNICATIONS-EI.ECTPGNICS( ATTN TECHNICAL LIBRARY

ATTN CODE p720 , C. STAN SBERRY ATTN .1-6 , ESD— 2
ATTN CODE R400 D I R ECTOR

A~ 11I CODE R124C , TECH LII DIRECTOR US A RMY MATE RIAL SYS ANALYSIS AGCY

5051) ADVANCED TECH CTR ABERDEEN PROVING G ROUND , 140 21005

DIRECTOR HUNTSV I LLE OFFICE ATTN TECHN IC-AL LIBRARY

r DEFENSE C0085US0ICAT1001S AGENCY 10 BOX 3500 ATTN DPXSY-CC - MR. DONALD R. RANTS/EL

WASHINGTON • DC 20305 HUNTSVILLE • AL 35807
ATTN CODE 540. 5 ATTN TECH LIB - ON/lANDER

ATTN CCTC/C6l2 , F RANK LIN 0. N/SORE IS AN/SE MISS ILE CO*14A3*D

ATTN CODE 930 , MONTE I.  BIJP.GETE, SR. COMMANDER REDSTONE ARSENAL , AL 35009
9341) SYSTEM CON/lAND kil N DRSMI -RF - 1 • 3010K CJSEEN

DIRECTOR 10 BOX 1500 ATTN DROPIS-I.CEX, HONARI) II. 3(EHRIKS EN

DEFENSE NUCLE AR AGENCY HUNTSV I LLE , AL 35807 ATTN DR PM-PE -EA , WALLACE C’ - WAGNER

WASHINGTON , DC 20305 ATTN TECHNICAL LIBRARY ATTN DRS I-RGP .  V ICTOR W. P11W!

A1T30 PATH ATTN B094SC-TEN , HOAR .7. HURST

AITN DOSE COMMANDER

AT 331 RAZV 
US AR-MY MOB ILIT Y EQUIPME NT P & 0 (‘ENTER

ATTN 0771. TECH LIBRARY FORT 0ZLVOIP, VA 22060

A1’131 81’SI A~~ HIVES ATTN s’TSFI-MW . .1004W W . BOND, I P .

ATTN SSVL ATTN TF,CN3IICAX- LI BRA RY

4 1 
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D I S T R I B U T I O N  (Cori t ’d)

- - ‘S~Ao: I- R COMM ANDIII - ; OFFICE R AS - ;E1PHYSICS LABORATORY - AFSC
I S  ARMY ~I ’CLEAR P.GENCY NAVAL IN TELLIGENC E SUPPORT ( :ENTEP HANSCOM RI’S , MA 017 31
F-~ WT BL ISS. TX 79916 43 0 1 SUI TLAND ROAD , BLDG 5 ATTN 3.  EMERY CORN IER

ATTN AT— N - W . LTC LEONARD A. SLUGA WASHINGTON , DC 2039 0
ATTN TECH LIB ATTN TECHNICAL LIBRARY AF WE APCNC LABORATORY , P.FSC
ATTN COL. DFV ERILL VIRT LAND AFR Nil 87117

CC E E P I N ’ ~ENDENT ATTN EL , M S . JOHN {A R RAH
Colt-SANDER NAVAL POSTG RADUATE SCHOOL ATTN DYE , DONAII) C - WU NSC 3
T.CS ARMY SECURITY AGENCY MONT ERE Y,  CA 93940 ATTN SAT
A SL IN- ;T ON HALL STATION ATTN CODE 2124 , TECH RP’r S LIBRARIAN ATTN ELA
4000 ARLINGTON BLVD ATTN ELC
ARLINGTON , VA 22 2 12 DIRECTO R ATTN FLP , CARL F. BAUM

ATTN TECHN I CAL LIBRARY NAVAL RESEARCH LABORATORY ATTN EL
WASHING TON , DC 20375 ATTN SP.Z

COMMAN DE R ATTN CODE 663 1, J AME S C. RITEE R ATTN RUt
US ARMY TEST AND EVALUATION COMMAND A TTN CODE 7706, JAY P - BORIS ATTN EL?. - 3-  P - CASTILI.O
ABERDEEN PROVING GROUND, ND 2100 5 ATTN CODE 4004 • EMANUAL L. BRANCATO ATTN EL (LIBRARY)

ATTN DRSTE-EL . RI CHARD T . KOI.CHIN ATTN CODE 202 7 , TECH 0.13
ATTN DR STE-NB . P R. .AUASSO ATTN CODE 2627 , DORIS R . FOLEN AFTAC
A~~C’i TECHNICAL LIBRARY ATTN CODE 7701, JACX 0. BROWN P A T R I C E  ASS , Ft 32925

ATTN TECH LI B
COMMAN DER COMMAND ER
US ARMY TRA INING AND DOCTRINE COMMAND NAVAL SEA SYSTEMS C-GM/SAND HEADQUARTERS
FOR T W)N ROE , VA 236 5 1 NAVY DEPARTME NT A I R  FCPC E SYSTR7-SS COMI-IACIL

ATTN TECH LIB RARY WASHING TON , DC 20362 ANDR EWS ASS
ATTN SEA-9931 , R ILEY B. LANE WASHIN GTON. DC 20331

COMMANDER ATTN TECHNICAL L I B R A R Y
WHIT E SANDS M ISSILE RANGE COMMANDER
WHI TE SANDS MISSILE RANGE - NM 88002 NAVAL SURFACE WEAPONS CENTER CCSMMANDER

ATTN TECHN ICAL LIBRARY WHIT E OR/C , SILVER SPRING , MI) 2)9 10 AIR “NI’ .’ERS ITY
ATTN STEWS-TE-N’T , AT TN CODE 43 1, EDWIN B. DEAN MAXWE LL ASS. AL ‘- 1 12

MR.  MARVIN P. SQ UIREs ATTN CODE WEll, TECH LID ATTN A l L  LSF-’O—25 0
ATTN STEWS-TE-AN • A. DE LA PAZ ATTN CODE 311.501, NAVY N/iC PRGMS OFF

ATTN CODE 43 1, EDWIN R .  RATHBURN C OMMANDER
CHIEF OF NAVAL OPERA TIONS ATTN CODE WASO , JOHN H.  MALLOY ASD
NAVY DEPARTMENT ATTN CODE 223 , 1.. LIBELLO WPAFB . - ‘FF 4 54 ) 3
WASH INGTON, DC 20350 ATTN CODE WR4 3 ATTN ES/STy

ATTN CODE 604C3 , ROB ERT PIACES I ATTN AS D -YN-K X
COMMANDER

CH IEF OF NAVAL RESEARCH NAVAL SURFACE WEAPONS CENTE R HEADQUARTERS
DEPARTMENT OF THE NAVY DANLOREN LABORATORY ELECTRONIC SYSTEMS DIVISION - (AF SC>
ARLINGTON, VA 222 17 DANLOREN , VA 22448 HANSCON 1.50, Ml. 01731

ATTN TECHNICAL LIBRARY ATTN TECHNICAL LIBRARY ATTN YWE I
ATTN COD E 464,  p. GRACEN JOINER ATTN CODE FUR , ROBERT A. AMADORI ATTN TECHNICAL LIBRARY
ATTN CODE 427  ATTN XRT , LTC JOHN M - .YASINSEI
ATTN CODE 464. THOMAS P. QUINN COMMANDING OFFICE R ATTN YSEV

NAVAL WEAPONS EVALUATION F AC ILITY
COMMANDER KIRTI.AN D AIR FORCE BASE COMMANDER
NAVA L A lP  SYSTEMS COMMAND “DUQUERQUE , NM 87 117 FORE I GN TECHNO LOGY DIVISION , AFSC0 . HEADC* - ARTE RS ATTN LAWRE NCE B - OLIVE R WR IGNT-PA DI’E RSOPI P50 , OH 454 33
WASHINGTON , DC 23.360 ATTN CODE ATG , MR - STANLEY ATTN TD-B’TA , LIBRARY

ATTN TECH 0.18 ATTN ETET, CAPT RICHA RD C. HUSEMANN
ATTN AIR -3 50F , LCDR HUGO HART COMMANDING OFFICER

NAVAL WEAPONS SUPPORT CENTE R HQ USAF / RI)
CON/SANDER CRANE , IN 47522 WASHING TON , DC 20330
NAVAL ELECTRONIC SYSTDSS COMMAND ATTN TECHNICAL LIBRARY ATTN ROQPN
HEADQ UARTERS ATTN CODE 7024, lAMES BA/WEE

4 WASHINGTON , DC 20360 COMMANDE R
A TTN TECH LII DIRECTOR OGDEN AIR LOGISTICS CENTE R
ATTN PME-117-T STRATEGIC SYSTEMS P~~~JEC7 OFFICE HILL AFR UT 8440 1
ATTN PI~~ 117-21 NAVY DEPARTMENT ATTN TECH j IB
ATTN pM7117-215A , GUNTER BRUNNART WASHING TON . DC 20376 ATTN N/SEWN . ROBERT JOFFS

ATTN SP2701, JOHN W PITSEN B ER GER
COMMANDER ATTN NS P-2342,  RICHARD L. COLEMAN COMMANDER
NAVAL ELECTRONICS LABORATORY CENTE R ATT N NSP-4 3 TECH LIB ROME A I R  DEVELOPMENT CENTER, AFSC
SAN DIEGO , CA 92152 ATTN NSP -230 , DAVID -5)1.0 OR 1EE ISS A SS,  NY 13440

ATTN CODE 2400 , S. N. LICHTMAN ATTN EHTLD, DCC LIBRARY
ATTN COD! 2200 1,

Vt RUE E.  HI  WED RAND CON/SANDER SAMSO,’I)Y
ATTN CODE 3100 , !. 1, MCCCWH ADi )M/XPD POST OFFICE BOX 92960
ATTN TECHNICAL LIBRARY EWE ASS, CO 00912 3( PC . CYW A Y POSTAL CF.WEER

ATTN XPQDQ , MA.I C - EIICH LOS AH0ET~ES , CA 90009
ATTN XPDQ TECHNOI.OGY)

ATTN r Y S  MAJ CARRY A .  DA RD A
I
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D I S T R I B U T I O N  (Cont ’d)

~l.MS ’ WN AE RONUTRON IC POOL) CORPORATION CHA RLES STARE DRAPER LABORATORY INC .
NOR TON ASS, CA 92409 AEROSPACE & C0J-*IUNICATIONS OPS 68 ALBANY STREET
(MINCY TDSAPI ( AE RONU TRONIC DIVISION CAMBRIDGE , MA 02139

ATTN it-JUN - CAPT 9. STEWART FORD & JAISEORSE ROADS ATTN TECH 1,10
ATTN RJUNH - N.B.C M - SARAN NEWPORT BEACH , CA 92 663 ATTN KE NNETH FERT IC

ATTN F . R. POHCELET , JR.
SAMSO/ SIC ATTN KEN C. ATTINGE R COMPUTER SCIENCES CORPORATION
POS T OFFICE BOX 92960 ATTN TECH INFO SECTION P.0 ,  BOX 530
NGRLIBIAY POSTAL CENTER 6565 ARLING TON BLVD
LOS ANGELES - CA 90009 AEROSPACE CORPORAT ION FALLS CNU~~ H, VA 2204 6
(SPACE CON/I SYSTEMS ) P0 BOX 92957 ATTN TECH LEN

ATTN SKY . PETER H. STADLE R LOS ANGELES, CA 90009
ATTN C. B. PEARLSTON C )MPIJ TER SCIENCES ~ RPCP.AT ION

CON/iANDFR IN CHIEF ATTN IRV I NG N. GARFUNEE L 201 LA ‘ETA DRIVE , NE
STRATE GIC A I R  CON/SAND A TTN JULIAN REINHE IME P ALBUQUERQUE , NM 87108
‘P’Fi ’T’T BIB, NB 68113 ATTN LIBRAR Y A TTN RICHARD H.  DIC IQI ALT

ATTN NR 1-STINFO LIBRARY ATTN MELVIN J. B !RUSTEIPJ ATTN ALVIN SC-flIEr
A TTN OFF - F RAME N . BOUSHA ATTN S. P. BOWE R
A TTN XPF S. MM BRIAN STE RNA/S ATTN NOR/SAN D. STOCJIWELL CUTLER-HA/USE ? - INC .

ATTN SAL KRI SHAN A lL  DIVISION
DIV I SI ON OF MILITARY APPLICA TION COMAC ROAD
‘S rwp ROT RS CH ~ DEl/ AlBUM RATI’ELLE MENG RIAL INSTITUTE DEER PARE , NY 117 29

NASH I WIT’C*J, DC 20545 505 KING A’.tNUE ATTN CENTRA L TECH FILES, ANN ANTHONY
A TTN :~~ -‘ - E~ P CLASS TECH LID COLWSBUS, OH 43201

ATTN TECHNICAL LIBRARY DIKEW000 CORPORATION , TilE
- 1009 BRADRURY DRIVE . SE

i~B A~.AI~~B L I.  :~ BOIl CORPORATION , THE UNIVE RSITY RESEARCH PARE
W BOB “~~~ ~92O ALINE AVE ALBIJQVERQIJE, NM 87106
‘4)1 ALA/*7A , MM 85544 VIENNA, VA 22180 ATTN TECH LID

AlTO TECh 3.”. ATTN TECHN ICAL LIBRARY ATTN I.. WAYNE DAVIS
ATTN T. H. NEIGHBO RS ATTN K. LEE

:i~’ & I . ~~ I s’ Tf l rTI r IC  LABORATORY
P C - ~~x 1A6 I 0DM CORPORATION, THE FG&C , INC -
I.O~ ALAI~~~ , MM 8’544 P0 BOX 9274 ALBUQUERQUE DIVISION

A FrO DOC CONTROL. POP REPORTS LIBRARY ALBUQUERQUE INTERNATIONAL P0 BOX 10218
ATTN DCC CON FOR ARTHUR FREED ALBUQUERQUE, NM 87119 ALBUQUE RQUE, NM 87 114
ATTN 0CC CON FOB ATTN TECH LID ATTN ‘TECHN ICAL LIBRARY

RI CHARD L. WAKEFIElD
BOEING C(~ 4PAN’Y,  THE ESL , INC .

SANDIA lABORATORIES PC BOX 3707 495 JAVA DRIVE
PC BOX 5800 SEATTLE , WA 98124 SUNNYVALE , CA 94086
ALBUQUERQUE . NIl 87115 ATTN HOWA RD W. WICELEIN, MS 17— 11 ATTN TECHNICAL LIBRARY

ATTN DCC COW FOP ORO 935L ATTN D. F. ISBELL
~~. t. ~~~~~~ ATTN DAVID DYE , MS 87’ 75 FtP AND MA TH PHYSICS CONSULTANTS

ATTN DIV 5231 , JAMES H .  RENEEN ATTN DAVID IZMLE P. 0. BOX 66331
ATTN DOC COW FOP GERALD W. BARR, 1114 A TTN AEROSPACE LIBRARY LOS ANGELES , CA 90066
ATTN DCC COW FOP 3141 SANDIA P.PT COLT. ATTN THOMAS N - JORDAN

- - ATTN DCC CON FOR ELME R F. HA RTMAN BOOS-ALLEN AND HAMILTON , INC .
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