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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 Fourier 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, EMPFIT 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 15 to 30
points. This aspect makes EMPFIT most attractive where the user desires a smooth curve
through data points and a **nice’’ 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 EMPFIT 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 FITTING THEORY

A general, short description of the theory' for EMPEIT is now given. Let the input data
points (4, f;) for 1 < i < N be given that describe the general shape of any waveform f(r) that we
wish to fit. We can approximate f(r) for ¢ < 1, by an exponential that varies as ¢*, and for t = ¢,
we can approximate f(r) by an exponential that varies as e~®. For any time interval t, <t < t,+1
where 1 = i < N — 1, we fit the data points with the function

S (0= t) + fir(tiyy = 1)
liey = &
+ 4By + By )t = 1)t = ti4,) + Cilt = 1)ty = 1 + Dyyy (84, = Ot = 1,)%,

f) = (1

! Daniel F. Higgins, A Method for Fitting EMP Waveforms that Facilitates Calculation of the Time Derivative and
Fourier Transform, Defense Nuclear Agency Report DNA 3231T (November 1973).




where

B.=("‘_f‘-ﬁ~ﬁ“')( : ) for2<i=N-1, )
iy =4 4~ 0/ Ny —
| AR
- 1 2) ;'.)
A+ anp (A=

C = . for2=i=N-1, 3
! ey — 6 (tay — ty) o s

~AfiV - Aﬂ:l( 6" ')

(t = 4y Pty — 12y)

A brief, general description concerning the fit of equation (1) is as follows: the first term in
equation (1) is just a linear fit between the ith and (i + 1)st data points; the second term is the
quadratic correction based on an average curvature (B,); the third and fourth terms of equation
(1) are used to insure that the first and second derivatives are continuous at the data points. The
values Af{" and Af® are given by

D =

) for2=isN-1. 4)

Affh = o ﬁ ~Joes + §B; + B )ty — 1) (5)
’Nl =ik &= Ty
= B, + Bt — 1),
Aff" = B, - B,_,. (6)
The exponential functious fitted to the front and rear of the data points (t, f;) are
f(r) = Aje™ + Aze™, fort=u, )
f() = Age™ + A, fort = 1y, (8)
where
A, = (fi — Age*™ e, )
-4
A st ( . ) (10)
, =
'. i ’l "
[a” ( 3 ) + a]e“" .
b=E=hs b+ B - 1) - o, an
k,-B,+B,—a'f,, (12)
A, = [fy — A ], (13)
ty — 1,
k‘ k‘ (N N~- l)
3 (149)
[ﬁ + ﬁ' 'N ')]t""'
ky = — f;'v- = ¥By + By_ )ty = ty-,) — Bfy, (15)
' = Iywy
ke = Bfy — (By + By_,). (16)
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The special parametric values for a and B are discussed in section 4. The following special values
for B,, By, C,, and Dy can now be given as

o - (- o))

L —1 h, — 4
B, = (—Bf~ —{: :{:::)(,N _l,,,_,)' .
s (520 (0 (2532) - )
€ 6t — 1,0 : i
k-3 [l -k (2) (8 + £ (2522))]
Dy = 6ty — 1y, : -

Using the above coefficients, we can evaluate f() at any time 1. The function given in equation
(1) 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
() L)

v = vy

instead of

o (A ).

Iv = v/ \ty =ty
Higgins' equation (20) should read
A, = (fy — A )l
instead of
Ay = (fy — Ae )bty
Higgins' equation (21a) should read

?’d{f(l)*w{,e“]

instead of

GO 10, A
dt a a

' Daniel F. Higgins, A Method for Fitting EMP Waveforms that Facilitates Calculation of the Time Derivative and
Fourier Transform, Defense Nuclear Agency Report DNA 3231T (November 1973).
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Higgins' equation (21c) should read

%(:Q = —BLf(1) + A,e ™)

instead of

GO _ ) A

di B B

Higgins’ equation (34) should read

A.’;“’ - _“8Cn ;o 6Du¢l)(‘nﬂ Tt 'u) s (6Cl—l ;. ISDI)(’I iy ’u—l)
instead of

A-fllal i _“scn * 6Du+l)(‘n<n e 'n) ™ (6Cu-| * 18D,,)(I,. 5 ’.+|)~

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

e
a-(fuch fob) L)

iy — 1y b =ty
Higgins® equation (7) should read

instead of

Af(u =fl+| _.fn __j; _.fl—l

5 ‘(Bu v Bnn)('uﬂ e 'n) g }(B,, 3 Bn-—x)('u S ln—l)

sy — Iy Iy = thy

instead of

afpalenh _Bth g B e - ) - KB+ B - 1)

T

Higgins’ equation (12) should read

-3 [+ () /(@ (252) + o)

e 6(ty — 1,0
instead of
sl (58 (45 o)
: 6(1, — 1,)? ;
[
i — R T —— ———




e

Higgins® equation (16) should read

—k, — 3B [k, ks (L"—-;'L')/(ﬂ’“ L (5_;2&_.))]

O = 6(ty — 1y f
instead of
ty — Iy ty — ty_
k4+3ﬁz[k3_k4<h 6Nl>/(ﬂ+ﬂ’(‘~ 2.\!1))]
R 6(ty — ty-y)* s

There was also encountered a considerable amount of difficulty in employing the Fourier
transform as calculated by Higgins.! 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 ¢'“ written as
(cos wt, + isin wt,) 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 1 and 2. Notice how figure 2 shows
data points being taken where the slope varies the greatest. Figure 1 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 B 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 1 shake (1 shake = 1:10~® s) and end at about 1000 shakes, some
good values for a and B are

a = 1.2-10%,
B = 5.0-10".

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 Transform, Defense Nuciear Agency Report DNA 3231T (November [973).
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Figure 1. 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 « is desired other than the
one recommended above, then a good guideline to follow is to choose a such that

b

-4
Hh -1 af.
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

10
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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
1 to 16, which show the problems and solutions. Examples of correct plots from EMPFIT can be
seen in figures A-1 and A-2.
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Figure 3. Curve that does not follow data points.

TABLE 1.

Common Problems and Solutions When Running EMPFIT

Problem

Solution

Figure

Curve does not follow general outline
of data points
Waveform is steeply rising

End of waveform is not smooth and
approaches zero with too great a
slope

Front of waveform differs markedly in
sign and form from rest of waveform

End of waveform does not approach

zero
Peak amplitude value is overshot

Add more data points to describe trace
more fully

Pick peak amplitude value as first data
point and then choose a accordingly

Decrease value of 8 one order of mag-
nitude and add more points to de-
scribe trace more fully

Decrease value of a one order of mag-
nitude

Increase maximum time to be plotted
(TMAX)

Pick closest points on either side of —

peak amplitude value to have equal
time-change steps and approxi-
mately same amplitude values

lI 2' 3' " 5‘
6,78
9

10, 11, 12

13, 14

15, 16

12
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Figure 5. Curve that does not follow data points.
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Figure 6. Solution to problem where curve does not follow data points.
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Figure 7. Curve that does not follow data points.
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Figure 11. Curve that does not approach zero nicely.
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Figure 13. Front of waveform differs significantly from rest of curve.
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Figure 14. Solution to problem where front of waveform differs significantly from rest of
curve.
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Figure 16. Solution to problem where end of waveform does not approach zero.

5. OUTPUT OPTIONS

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

4 a. Multiple runs
’ b. Plot titles and axes information (supplied in program)
(1) T vs Eg—time versus electric field strength—radial
(2) T vs E\—time versus electric field strength—vertical
(3) T vs B4—time versus magnetic induction—azimuthal
(4) T vs Jp—time versus current density—radial
(5) T vs Jy—time versus current density—vertical
(6) T vs o—time versus air conductivity
¢. Number of points calculated between input data points
d. Maximum time to be calculated

19




e. Fourier transform—yes or no
(1) Starting frequency
(2) Maximum frequency to be calculated
f. Plots—yes or no
(1) Linear
(2) Log-log
(3) Semilog
Abscissa (log)
Ordinate (linear)
(4) Minimum value of ordinate to be plotted (does not plot data points below this
value)—useful when 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

Available on curve fit plots only; Fourier transform plots are
always log-log

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.

INPUTT Subroutine: reads in all the input data, except plot and 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.

AlA3 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 C, of
equation (19).

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

20




FLINE
BN

CN
DN
DELFI
DELF2

Subroutine: calculates the Fourier transform of the curve fit data points.

Function subroutine: calculates the coefficients B, of equations (2), (17), and
(18).

Function subroutine: calculates the coefficients C, of equation (3).
Function subroutine: calculates the coefficients D, of equation (4).
Function subroutine: calculates equation (5).

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.

Columin

Variable Format Explanation

Card |: Multiple run card

8-10

Card 2: Plot parameter card

10

20

S s -

NRUN I3 Number of runs

IDENT Il Identifies data to be read in

IDENT T vs Eg
T vs Ey
T vs B,
T Vs JR
T vs Jy
Tvs o

| s A T
AN B W -

¥ IFFT I1 Fourier transform?

IFFT = 0 Yes
=1 No

IPLOT Il Plots?

IPLOT =0 Yes
=1 No

ILNLOG Il Plots in linear, log-log, or semilog?

ILNLOG =1 Linear
=2 Log-log
=3 Semilog
Abscissa (log)
Ordinate (linear)

Note: Fourier transform plots are always log:
log.

21




Column Variable Format Explanation

41-50 ORDMIN E10.3 Minimum value of ordinate to be plotted (all
points below this value are not plotted on linear
or semilog plots)

60 ICURV Il Curve fit plots

ICURV = 0 One plot of data points and curve
fit

=1 One plot of curve fit only

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

70 10T Il Enter own plot and axes labels?

IOT = 0 Use plot and axes labels supplied in
program

= 1 Enter own labels on cards 5, 6, 7
Card 3: Title card
1-80 TITLE 8A10 Title or subtitie

Card 4: Fitting parameter card

1-7 — _ - Blank

8-10 IPTS I3 Number of data points read in

11-17 —_ — Blank

18-20 MPTS I3 Number of points calculated between input data
points

21-30 TMAX E10.3 Maximum time to be calculated in curve fit
calculations

3140 ALPHA E10.3 Used to fit flt) = A,e™ + Aye®™ to front of
waveform (good starting value: a = 1.2E+8)

41-50 BETA E10.3 Used to fit flt) = Ae™ + A,e™® to end of
waveform (good starting value: g8 = 5.0E+4)

51-60 OSTART E10.3 Frequency to start Fourier transform calcula-
tions

61-70 OMAX E10.3 Maximum frequency to be calculated

Note: Cards S, 6, and 7 are used only if IOT = 1
on card 2. If IOT = 0, skip to card 8.

Card 5: Abscissa label card
1-10 XTITLE Al0 X label; start in column 1|

22




8. CONTROL CARDS FOR EMPFIT

i
.

Column Variable Format Explanation

Card 6: Ordinate label card

1-20 YTITLE 2A10 Y label; start in column 1; on output, ordinate
label is only in A10, A2 format instead of 2A10.

Card 7: Plot label card
1-40 ATITLE 4A10 Plot label; start in column 1

Card 8: Data card
1-10 T E10.3 Time value of first point
11-20 F E10.3 Amplitude of first point

Card 9: Data card

1-10 T E10.3 Time value of second point
11-20 F E10.3 Amplitude of second point
Note: Card 8, card 9, ... are repeated with

respect to the number of input points indicated
on card 4, [PTS.

Note: Card 2 to card 8, card 9, . . . are repeated
according to the number of times identified on
CARD 1, NRUN.

The following SCOPE 3.4.3 control cards are necessary to run EMPFIT on the CDC 6600 at
MERADCOM. All the underlined entries in the list are variable an1 must be entered for each
user.
EM__ _.

TASK (TNEM_ _ _ ___,PW_ _ _ _ _ , TRTS) [User's name)
ATTACH, AGO, BINEMPFIT, ID = EM71602.

ATTACH, LIBA, ANAPAC, ID = EM71605, MR = 1.
LIBRARY (LIBA)

MAP (PART)

AGO.

7/8/9

[Data]

0/6/7/8/9
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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-1 and A-2 are samples of correct piots.

MAGNETIC INQUCTICw-RZIMUTHAL

%
|

It
e e

-150 -125

107 1T0‘ 15‘ 10
TIME (SEC)

Figure A-1. Sample piot from EMPFIT.
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APPENDIX A

FOURIER TRANSFORM OF MACNETIC INOUCTION-RZIMUTHAL

L

2
) ’ oy HISCEES SR
100 o 10° 10’
FREQUENCY (HZ)
Figure A-2. Sample plot from EMPFIT.

PROGRAN ENPFIT LLTA LY ortTe) FTR &.84420 12716776 13,45,20
PROGRAR ENPFITCINPUT ,OUTPUT ,TAPES=INPUT, TAPEA=OUTPUT,TAPET) ENPFIT 2
CONMON/A/ TOENT (IFFT,TITLECL0),IPLOT, ILNLOG,ORDNEN ENPFIT 3
READIS,10) NAUN ERPFIT .

10 FORMATI?X,13) ENPRIT s
J=0 ENPFIT [
00 30 L=1,NRUN ENPFIT 7
CALL IWPUTT ERPPILT .
CALL CumFpY ERPFIT *
TFUIFFT . EQ.1) GO TD 20 EnPFIY 10
CALL FORTY EnPFLT 1
20 CALL OTPuY emprLY 12
IFLIPLOT.EG.L) GO YO 30 ERPEIY 1
degel ERPFLY 14
1F0J.EQ.1) WRITE(S,25%) ENPFLY 15
25 FORMAT(ITWPA THIS JOB PLOTS) ERPFLT 16
caLL rLory ENPFLY n
30 CONTINUE ENpPFILY 11
Eno ENPFIT 19

26
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SUBRDUTINE INPUTTY LAYaLY LRS! FIN 4.64420 1716778
1 SUBRGUT INE INPUTT INFUTT
CONPLER FTY INPUTT
COMMONZAZ TOENT (IFFY, TITLECLOD,IPLGT, ILNLCG,ORDNIN INPur Yy
COMMONZn/ TELI00) FLLOO) JALPHA BETA,TT(1000),FFL1000) INPUTT
S CUNMONZC/ THAX NPIS MPTS, IPTS MAXPTS,OPTS INPUTT
COMMON/U/ DELF,OSTART ,0NAX,ONEGAL1002),FT(1000) INPUTT
COMMONZG/ TCURY INouTT
1 CONROAN/H/ 1O INFUTY
i DIMENSTIN XTITLECIO), YTITLECLG) ATITLELLD) INPUTT
3 L DATA TITLEZLG® AN / 14pute
f READ(S, 400 IDENT, IFFT,IPLOT,ILNLCG,ORDMIN, ICURY,ICT teurt
i 10 FORMAT(AE9XeT1) 61023, 209K,11)) 1Ne Tt
! READ(S,20) (TITLECLID,1=1,8) Ivpurt
20 FORMAT(:A10) INeUTT
§s READIS 300 IPYS MPTS, THAX ALOHA,BETA,OSTART ,O%Ax twpurt
30 FORMATEZX, 13, 7X,13,5610.3) INPUTT
NPTS=IPTSe) INTFIA]
1#0107,£6.0) GO TC 3% LUt
CALL ENTITUCL XTYITUE,YTITLE ,ATITLED taputd
i 35 DL SJ 1s2,NPTS 1NPUTY
READ(S,60) TUI),FLI) INPUTT
40 FURMAT(2E10.3) 14PuTY
50 CONTINGE InEoTT
RETURN INbUTT
5 END 14purs
SUBROUTINE CURFRT /7% OPTel FIN 4.64420 12218/78
1 SUSROUTINE CURFIT CuRFIT
INTEGER OPTS CURFIT
: CONRON/8/ uum.uloon.Aum.uu.nunn.nuoool CURFIT
B COMMON/C/ THAX,NPTS JHPTS, IPTS NARPTS,0PT CuRFIT
! s COMNON/E/ ALoA24A3,A4,C1,CANL D2, NN CURFIT
1e2 CURFIT
=2 CURFIT
Tel)e.0eT(2) CURFIT
FLl)=0. CURFIT
10 TTLLIeT 1) CURFILT
FF(1)=0. CuRFIT
TINPTSe1) sTHAX CURFIT
CALL ALA3LAL,A3,C1) CURFIT
CALL A2A6(A2,A4,0NN) CURFIT
15 10 WMeT(I=TCJ4=1) CuRFIT
DEL*H/(MPTSe1) CURFIT
Q0 TTUI)STTUE=1)+DEL CuRFIT
] TFATTEI)LLT.ET4J)-DEL/100.)) GO YO 30 CuRFlY
i IFCTTCII.GT.T(NPTSI) GO TO SO CuRFIT
! 20 TN =T (d) CuRFIT
FEULISFLJ) CURFLT
15101 CURFIT
4“0 Jyeyol CURFIT
60 10 10 CURFIT
25 30 CONTINUE CURFIT
IFLTTOED.GT.T(2)) 6O TO 50 CORFLT
ARGL=ALPHASTT (L) CURFIT
ARG2#2 ., °ARG1 CURFIT
FEOLIALOEXPLARGL ) *ADOEXP (ARG2) CURFIT
30 CURFIT
CuRFLT
s0 11.LT.TINPTS)) GO TO 60 CURFIT
e ~BETASTTI(1) CURFIT
ARGA=2, *ARGY CuRFIt
3 FELI)SAZOERPIARCD) sAGOF RP (ARGS) CuRFIr
IFCTTCI).CE.THAX) GO 1D %0 CuRFpY
I=lel CURFILY
G0 T0 20 CURFIT
0 CONTINUE CURFIT
5 «0 OT=TTLII=TLI~1) cuRelt
{ DINST (4)=TT(1) CuRELT
i OTNNST L) =T(J=1) CURFIT
> i DYPRSTT(I)=TLI) CURFIT
IFLI.NENPTS) GO TO 7O CuRFLt
. CALL AZASIU,Y,0) CURFIT
! G0 Y0 80 CURFIT
70 DeOM(J) CuRFLY
80 PLe(FIJ)oDToF(J=1)*DTH) /O THN CURFIT
P2e SO (BNII-1)+BN(J))00TOOTP) CURPIY
s0 PICNLI-119DTO(DTHO®Y) CURFIT
T CuRFIT
cureit
CuRrlt
27
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SUBROUTINE CURFIT T8

s "0

100

SUBROUTINE FORT

0PTel FTN 4.604020

€0 10 20
CONTINvE
RAXPTS e}
OPTSemaxPTS
L=0

00 100 Ie2,nrTS$
LeLey

TiLdete )
Fillertn)
CONTINVE
RETURN

EnD

T/ OPTe) FTR 4.64420

SUBROUTINE rORY
REAL [PFY

Do FU100),ALPHA ,BETA,TT(1000),FF(1000)
NPTS APTS, [PTS ,MARPTS,OPTS
OSTART ,ONAX,ONEGAI 2000 ) ,FT (1000 )

OREGA(1)=0STARY

DELP+(ORAX/OSTART )oo(],/(0PYS~1))

00 10 Jei ,0PTS

CALL FLINEIPT(J),ONECALI) oTOP T, TT oFF,0PTS)
OREGA( 101 )oONEGALJ) OELP

CONTInue

00 20 Jei,0078
RPFTLII-REM(PTLI))
IPPTLI oA IRAGCPTLSN )
ARGSRIFT( J)0020 IPFT LI 002
TABS(J)=S0RT(ARG)
CconTinve

RETURN

En0

28
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CuRFlY
cunrFIt
CURFIT
CURFIT
CurerY
CuRFiT
CuRFrY
CURFIT
CuRFl Y
CURFIT
CURFIY

127167

13.45.20

13.45.20

Sevenswn




SUBROUTINE OTPUT T%/76  0OPTel FIN &.64420 12718778

1 SUBROUTINE OTPUT oreyr
INTEGER OPTS oreur

COMPLEX FT oreur

COMMONZAZ IDENT L IFFT,TITLELID),1PLOT, ILNLDG,DRONIN oreur

s COMMONZB/ TUJ00),F(100) JALPHA BETA,TT(1000),FF(1000) oreur
COMMON/C/ TRAX,NPTS MPTS, IPTS MAXPYS,0PTS oreyr

COMMON/0D/ DELF,OSTART ,ONAX,OMEGAC1000),FT(1000) areur

COMMON/H/ 107 oTeur

OIMENSION ATJTLECIO),FTITLECION XTITLECLO ), YTITLECIO) oreur

10 DATA ATITLE/ZJO®NH /o FTITLE/IO®IH / XTITLE /10®1H /,¥YTITLE/LO®LY /  UTPUT
IF(IOT.EG.1) GO TO 5 oreur

CALL ANCTATCXTITUE,YUITLE ,ATITLE,O) 01PUY

G0 T0 7 oreur

S CALL ENTITLOO,XTITUE,YTITLE,ATITLE) oTeuY

15 7 WRITE(6,10) oreur
10 FORMAT(LIWL) areyt

WRITE(®,20) (TRTLECE) 0=1,8) ureyr

20 FORMAT(1X,8A10) uTPuUT

WRITE(S,30) (ATITLE(I),I=1,5) oreuT

20 30 FORMAT(/,/,6X,13MINPUT DATA - ,5A101 wreyt
WRITE(6,40) ALPHA ,BETA, THAK,IPTS NPTS utPuT

40 FURMATUZ o/ 9XsTHALPHA® 1PELL .3, SX,6MBETA® ,1PELL.3,5X, GTPUT

13IMMAXINUN TIRE TO BE CALCULATED® ,1PE1L.3,/,9X, utPUT

229MNUMBER OF INPUT DATA POINTS= ,13,5X, areut

25 3SSHNUMBER OF POINTS CALCULATED BETWEEN INPUT DATA POINTS= ,i3) 0TPUT
WRITE(6450) XTITLECH) JYTITLECD) JYTITLEC2) JXTITLECD) ,¥YYITLECD), oTPuT

AYTITLECQ) oXTITLECR) (YTITLECL) ,YTUITLEC2) uTPUT

S0 FORMAT(/,/,11%,A10,4X,A00,A2,2(20X,A00,4X,A10,A2)) oTPuT

WRITE(S,60) utpur

30 60 FORMAT(3(11X,2501n-))) CTPUT
CALL COLNNS(3,IPTS,T,F) oTPUT

WRITE(S,80) IPTS GTPUT

80 FORWAT(/,15X,19HNUNBER OF POINTS = ,13) oreur

WRITE(6,90) oreur

35 90 FORMAT(/,/,6X,22HCURVE FIT CALCULATIONS) oreuT
TEL6,95) (10 LTPyT

95 RATU/,/7,9X AIHNININUN VALUE OF OROINATE TO BE PLOTTED= , orPuT

11PELL,3) CTPUT

WRITE(O,50) XTETLECH) oYTITLECL) oY TITLE(R) JXTITLECD) G YTITLELL), oTPuUT

40 AYTITLEC2) XTITLECD) (YTITLECL) JVTITLEC2) uTPUT
WRITELS,80) oreur

CALL COLMNS(3,MAXPTS,TT FF) oreur

WRITE(6,80) WAXPTS L

IF(IFFT.EQ.1)  RETURN oTeut

s CALL ANDTATEXTITLE,YTITLE ATITLE, ) oTPuT
WRITE(6,100) uTPUT

100 FORMAT(/,/,0X,30MFOURIER TRANSFORM CALCULATIONS) oTPuT

WRITE(S,110) OSTARY ,DELF,ONAX L

110 FORNAY Fo9K o ATHSTARTING FREQUENCYIMERTZ )= ,1PEL1.3,5X, orTePuY

50 T17THOELTA FREQUENCY= ,1PEL1.3,/,9X, oreur
236HRAXIRUR FREQUENCY TO BE CALCULATED= ,1PERL.3) oreur

WRITE(S,120) XTETLECL)oYTRVLECL) o XVITLEC D, YTITLE(D) oTPUY

120 FORMATL/Z 4/ 20020, A0, 01K A0, XD 4/, 20 20K, ANREAL o TX O INAGINARY, oTPuY

SUBROUTINE OTPUT 74/76  0PTs) FTN 4.64620 12/16/78
1) oreur

5s WRITE(6,130) orPur
130 FORMAT2(11X,3001NH=))) areuY

CALL COLANS(2,0PTS,ONEGA,FT) oTeur

WRITE(6,80) OPTS oreur

RETURN oreur

60 END oreur
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SUBROUTINE CULmNS 14/ 0PYe) FIN 4.60420 12716776 13.65.00
i SUBROUTINE COLMNSIL (KPTS, X, V) COLMNS 2
COMPLER FT [GICTT 3
DIMENSION XE1),YL1) COLANS .
COMMON/0/ DELF,DSTART ,ONAX ,ONEGAL 1000 ) ,FT (1000) COLANS s
D 1F(L.EQ.3) GO0 TO &0 CoLmNs 6
INCoRPTS/2 COLNNS ?
IX=RODIKPTS,2) COLRNS )
1COL=INCe] {OLMNS D)
1FLIK.€Q.0) GO TO 10 COLANS 19
10 1FCIn.FC. 1) GO 10 30 CuLmus 1
10 WRITE(®,20) (DMEGALT) FTI1) ,OMECALISING FTEIoINC) I1,INC) CLLMNS 1e
i 20 FLRMAT(ZUNIR,IPERL. 3, 3N, IPELL .3, 20,1PE L. ) COLmNS 11
¢ 0 TU 90 COLLWNS 14
1 30 WRITE(6,20) C(ONEGALT) FT(I),ONEGALIOICOL) FTEISICOL),I*1,1NC) COLmNS 15
15 WRITE(6,20) OMEGACICOL) FTEICOL) COLMNS 1s
A (T CoLmNs 1
WC INC*RFTS/) COLmNS e
INsMOT (KPTS,3) COLmNS 19
1COL=INCe] CULMNS 20
20 1FLIR.EQG.0) GO TO SO COLANS 21
IFCIRLEG.L) GO TO 10 CoLuNs 22
IF(IX.EG.2) GO TO ‘i
S0 wRITE(6,80) (llll.Hll.l(hlll().'(l‘ll(l N(Te20INC), Y(1e200INC), 24
10=1,INCH 2%
5 60 FORMAT(3(1IX,1PELL.3,3X,1PELL.D)) 26
0 Y0 90 P2
70 WRITE(S,60) (XCI) YCI) XCReICOL),YUIOLCOL ), RUTS20ICOL-1), 2
1V(10201C0L=1),1%1,1NC 9
WRITE(6,60) XCICOL), YCICOL) 30
30 G0 10 %0 3
80 WRITE(G,60) (XCE) ,VEI) RCTOICOL),YEIOLICOL ) XUETo201COL), 3
IVEIe2°1C0L ), 0=, INC) 3
WRITE(S,60) XCICOL)YIICOL) ,X(2°0C0OL) JVE2°1COL) "
90 CONTINUE 3
3 RETURN 3
£80 coLmNs M
SUBRDUTINE PLOTT 76/74  OPTe) FTR 4.64420 12/16/76  13.65.20
1 SUBROUTINE PLOTT PLOTY 2
REAL IPFY PLOTY 3
INTEGER OPTS rLom .
COMPLEX FTY sLorY s
5 CONMON/A/ IDENT G IFFT,TITLE(LO), IPLOT o ILNLOGC ,ORDNIN PLOTY Iy
CORRON/B/ TUL00),FL100) ,ALPHABETA,TT(1000),FF(1000) PLOTT 1
CORRON/C/ TRAX MPTYS APTS, IPTS RAXPTS,0PTS pLOTY .
COMNON/D/ DELF,OSTARY ,OnA rLory .
CONNON/E/ AL A2,43,A4,C1,CNR1,D2,08N rLOTY 10
10 COMNON/F/ RPETLI000),IPFT(1000),2485(1000) PLOTY
CUMMON/G/ TCURY PLOTY
COMmON/W/ 10T sLOTY
DIRENSION FTITLECIO) ,ATITLECIO) XTITLECLIO),YTITLE(LO) PLoTy
OATA FTITLE/ZIO®LIN /7 ATITLE/ZLO®IN /oXYITLEZL10®LIH / VTITLEZLO®IN / eLorY
1% IFLILNLOG.EQ.2) 6O TO 2 pLoTY
L=C pLOTY
00 1 I=1,MAXPTS pLOTY
IF(FF(L1).LT.ORDNIN) GO TO 1L PLoTY
Letol pLov?
20 TTEL)=TTL D) rLorny
FELLISFF(TD) et
1 CONTINUVE PLOTY
RARPTS =L PLOTY
0 10 & PLoTY
25 2 COnTimuE PLuTT
00 3 1) ,MARPTS rLomt
TF(FFCL).LT.ORDNIN) TT(1)=0. PLOTY
3 CONTINUVE eLoTr
. CONTINUE PLery
30 IFLIOT.EQ.)) GO Y pLUTY
AL noununu ""L! JATITLE,0) PLOTY
¢o Y0 7 PLOTY
s caLL tulvuo.lnul.nuu.nm.u pLOTY
7 IFCICURVE .EQ.1) 6O TD @ PLOTY
3 CALL DRAWA(L,T7,1,2,6,8 l'l'Ll."l'll TITLELTITLE) PLOTY
CALL ORAwaL2, ~ Sy=2410,7 0.) PLOTY
CALL DRAWGCL2, LILOGRARPYS,0,10,TT7,¢F 0 PLert
CALL DN u:.v.lt-u.o.o nl"s.l'.".a. 0. rLoTY
IFCLICURY.EQ.O0) GO TO 9 man
40 L] CONTINUVE pLOTY
CALL 'IIIMI.?-I.J.Q.I.IV"H .V'I'l(.ﬂl'll.ll'tl' Lo
CALL DRAWAI(2, L 0c pYS, 0,17 ) rLOTY
CALL D ron
L CONYINVE PLOTY
(3] IFLIFFTLEQ.1) RETURN rLoTY
CALL ANOTATEXTITLE, YTITLELFTITLE, L) rLovY
00 10 J&,? rLoTY
KeJ=3 LY
10 "l'l!l‘l-l"'lllll PLOTY
S0 CALL (7,2 PLOTY
| CALL DRAWSL2,7, rorr
! CALL DRAWGID, 7,2, rLoTY
RETURN sorr

e
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SUBROUTINE PLOTT e/ 0PTe) FTIN 4.60620 12/16/76  13.65,20
(LT pLOTY 58

SUBRDUTINE ANJTAT Ta/7  OPTs) FIN 4.80820 12/16/78  13.65.20

R s - o RN R R o s e breille

1 SUBRQUT INE llﬂ'l"l'lul "l'll.l'l'lh ¢
COMMON/A/ TDERMT IFFT, VIHHIOU.I’IN llltm.nlo!ll 3
OINENSION ATITLECIO ), XTITLECION,YTITLECIO) “
00 S I=1,0 s
3 s ATITLECL)=)0m 6
f XTITLECT) =10m 7
YTITLECL) =10M ]
s CONTINUE 9
1FLI2.EG.1) GO YO 20 10
10 XTVITLECL) =1OMTINE (SEC) 11
GO TO €10,20,30,40,50,60),10€NT 1
10 AVITLECL) =1OMELECTRIC F 1
ATITLE(2)~10MIELD STREN 14
ATITLE(Y) = 10MGTH-RADI AL ANOTAT 15
18 YTITLECL) ~ONE-RADIAL ANCTAT 1t
RETURN ANLTAT 17
20 ATITLECL)=10MELECTRIC F ANCTAT 1+
ATITLECZ)=10MIELD STREN ANCTAT 1
ATITLELS) =10MGCTH-VERT IC ANOTAT 20
20 ATITLELG) »2mAL ANLTAT 21
YTITLECL) = LONE=-VERT JCAL ANCTAT 22
RETURN ANLTAT 2
S0 ATITLECII=IOWMAGNETIC | ANLTAT 24
ATITLE(Z) *LOMNOUCTION-4 ANCTAT 2%
I ATITUELD) =8MZINUTHAL ANGTAT 26
YTITLELL) = 10MD~AZ INUTHA ANCTAT 27
YTITLECZ) =2mL ANGTRT 2
RETURN ANC AT 20
0 ATITLE(]) «10MCURRENT DE ANUTAT 3
30 ATITLEC2) = 10MRSTITY-RADI ANGTAT 21
ATITLECY) =2maL ANCTAT 32
YTITLECL) «10MJ~RADI AL ANCTAT 3
RETURN ANDTAT 36
SO ATITLE(L) =10OMCURRENT DF ANPTAT E
3 ATITLECZ) = 1OMNSITY-VERT ANLTAT 3t
ATITLEL s) sanICAL 37
YTITLECL) ~10MI=VERY ICAL i
RETURN 39
60 ATITLEC)L)=10WAIR CONDUC “
0 ATITLEL2) ~GMTIVITY “1
YTITLELL) »SH3TGRA “e
RETURN 3
70 ComTinve .
ATITLECL) =10W “y
s ITLEL2) «10M0UR] ER 'll “e
ATITLE(D) ~1OMNSFORN OF “7
RTETLECL) 1OMFREQUENCY ok
ATITLEC2) =10MINE) “
YUITLENL) «1OMARPLITUOE S0
59 RETURN s1
END ANGTAT se

SUBROUTINE FLINE e/ 0Pt e FTR &.00420 12718776 13.45.20
1 SUBROUT INE !uﬁ"ﬂ.t.'.‘.lﬂ LI 2
DINENSION T( " FLINE 3
CONPLEX A, (.').'Q.M FLINE 4
SUR=(0.0,0.0) FLINE S
s 1Fl¥.EQ.0.0) GO 7O 201 FLINE L3
AA=CAPLX(COS(WOTLL) ), ~SINIVOT(1))) FLINE 7
00 100 i=2,m7 FLINE .
T =1¢1-1) FLINE *
CAPLEICOSINOTLL) ), ~SINCWOT(I))) FLINE 10
10 L hddl FLINE 11
€ THE BREAKPOINT BETWEEN LARGE- AND SMALL-ARGURENTS SHOULE OF 1.0E-n, FLINE 12
€ WHERE We(D-4)/0, WHWERE D = NUNBER OF OIGCITS CARRIED OV TWE CONPUTER. FLINE 13
C THE ARPLITUOE ACCURACY OF THE LARGE ARGURENT PROCEDURE IS D-2W DIGITS Ill. 14
€ AND OF THE SWALL-ARGUAENT PROCEDURE IS oNes DIGITS. LIne 1
1 IFLABSINDT).CT.5.06~2) GO TD S0 lllﬂ 1
GCeNDToe FLINE 134
AC* ¢ CICAPLN(0.S,~ u.ou.on-nno&cunnu-o 129,11.0/30.0)e407 ﬂlﬂ 10
CIOCOCAPLII(1.0/184,0),-(1.0/040.0)0W0T) 19
FI=CORJCIACIoAD 20
20 FasACohn 21
G0 Y0 &0 22
S0 AC=CAPLX(1.0,NDT) 23
FasACoAR-AL 24
FI=CONJGIAC ) oAA~AD 2%
25 .0 SURSSURSIFIOYII=1)ePaov (1)) /1 MDY 0N) 26
100 1) 27
L
101 \J 29
102 YE=1) eI -T1I-1)) 30
0 b1}
»
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SUBROUTINE AlAY Te/76 orTe) FTIN 6.6+420 12/716/7%

1 SUBROUTINE ALADIAL,A3CL) AlAd
REAL K1,x2 AlA3
CONRON/B/ TE100),FUL0N) ,ALPHA BETA,TT(1000),FF(1000) AlA)
DF2eF(3)-F(2) AlAay

s DY2+113)-742)
DT1=T(2)-%(3)

K1=DF2/0T2¢.SO(BN(2)+BN(3))eDTI-ALPHACF(2)
BN 21+ BNE3 ) ~(ALPHASO2 ) OF (2) - - -~ 3
LPHACT(2)

12 ARG2=-ALPHACT(2)

EXA2=EXP(ARGY)

EXAEXP(ARG2)

A3 (K1oK2%0T2/6.0 /0 LLALPHA®®2 )ODT2/2. . +ALPHA)OEXA2)
AL=(F(2)-ADSERA2)*EXA

RRUASK ] +K200T2/

10DT2/2. o ALPHA
21*(RNUR/RDENON ) ) /6. 0(DT2002))

SUBRDUTINE A2A4 Te/746 oPTel FTR 4.64420 12716778

1 SUBROUT INE A2AG(A2,A4,DNN)
REAL KY,K4
COMMON/8/ TEI00),FU100) JALPHA ,BETA,TT(1000),FF(1000)
COMMON/C/ THAX NPTS NPTS, IPTS ,MAXPTS,OPTS

s OFN=F (NPTS)=~F(NPTS~1)
DTIN=TINPTS)~T( $-1)
K3e~DFR/DTN=.SO(BNINPTS ) eBN(NPTS-1))0DTN-BETACF (NPTS)
K= (BETACO2)OF(NPTS)-(BNINPTS JeBN INPTS-1))
ARGL==2 . oBETAST (NPTS)

10 ARG2=BETACT(NPTS)

A 1%0TN/2.

ONNe(~Ka~3 . 0(BETACO2)S(RNUN/RDENDN) )/ (6.0 (DTNOO2) )
RETURN

END 2

FUNCTION BN T8/7  0OPTe) FYN 4.00420 12716/

1 PUNCTION BNLT)
CONMON/8/ TIR00),F11200),ALPHA BETA,TT(1000),FF(1000)
CONNON/C/ TRAX PYS JMAXPTS , OPTS
IFLI.NE.2) GO TO 10
L) OF2eF(3)-F(2)
0T2e7(3)=T12)
D1sDF2/0T2
SN (DI-ALPHASF(2) )0 (1./0T2)
RETURN
10 10 IFCL.NE.NPTS) 6O TO 20
OFNeP (NPTS)-F (NPT S-1)
TINPTS)=TINPTS-1)

OFN/DTH
(=BETASF (NPTS)~D2)0(1./0TN)
15 RETURN
20 OFPeF(lel)-Fil)

DFeF(l1)=F(l=1)

OTPaT(Lel)=TLI)

OTeT(I)=T(I~1)
20 SR (OFP/OTP=DF/DT )0 (L /(T (101)=TL1=0)))

RETURN

(L1]
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FUNCTION (N

FUNCTICN DN

/78 arrTel FTR &,64420

FUNCTION CNEJ)

COMMON/B/ TE100 (1000 JALPHA JBETALTT(10001,FF(1000)
COmmON/C/ TR SoNPYS, IPTS MAXPTS,OPTS
COMRON/E/ AL, A2,A3,A4,C1,CNN1,D2,0NN

(£(4.6Q.2) 6O TO 10

OTN=T(JI=T0J-1)

DIPLeTEed)=TLI)

OTP2=T(Jel)=TLI-1)
CN=(-DELFI(J)SDELF20J)ODTN/6.)/1(DTPLO02)eDTP2)
TF LI NENPTS-1) RETURN

CRl=CN

RETURN

(h=C1

RETURN

Eno

14/ orre) FTN 4.64420

FUNCTION OREJ)

COMMON/8/ TU100),FLI00) ALPHA BETA,TT(1000),FF(1000)
CONRON/E/ A1, A2,A3,A4,C1,CNN1,02,008

DYN=T(JI=-T(J-1}

0 *Tled)=TLI-1)
ON=(-DELF1(J)-DELF2UJI®DTN/6.)/((DTNO®2)0DTP2)
TFLJ.NEL3)  RETURN

D2=0n

RETURN

En0

FUNCTION DELFL LAY LY orte FTR 4.60620

FURCTION DELFILY)

COMMON/8/ TE100),F(100) ,ALPHA BETA,TT(1000),FF(1000)
OFPLI=Fiyel)=FLI)

OFm=Fiap-ri-1}

SIBRIJ)+BR1Ie1)) 0TP]
CIER(J)eBN(I-1))%0TH
DELFL-OFPL/DTPY-00N/DTH-01-R2
RETURN

L1

FUNCTION DECr2 LATA LI 4 0 PTR 4,80020

FURCTION DELF21J)
lll'ﬁl".ll'll‘“()‘ll
L]

33

. p——

12716776

12716778

1271¢/7¢

DELFL
DELF)
DELF1
CELF)
DELF)
OELF)
DELF)
DELFI
DELF]
CELh)
DELFL

12716/

DELS?
DELF2
DELP2
DELF?
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APPENDIX A
SUBROUTINE ENTITL 16/76  OP1sl FIN 4.60420 12718776 13.45.00
1 SUBROUTINE ENTITL(IZ,XLAB,YLA ENTITL 2
COMMON/ T/ XTITLECLOD, YIITLE(L ENTITL )
DIMENSION XLABUI0),YLAS(10) PLABCLO) ENTITL .
1F(IZ2.€G.0) GO 10 40 ENTITL L}
s READ(S,10) XTITLE(L) ENTITL .
10 FORMAT(ALO) EnTiTL 1
. READ(S,20) (YTITLECL) ,I=},2) ENTITL .
20 FORMAT(2410) ENTITL 9
READ(S,30) C(ATITLECL), I=1,8) ENTITL 10
10 30 FORMAT(4A10) ENTITL 1
RETURN ENTITL 1.
40 XLABII)*XTITLECD) ENTITL 1
00 S0 1+1,2 ENTITL 14
SO YLAB(1)=YTITLECD) ENTITL 3
1 DO 60 I+v1,6 ENTITL 1s
80 PLABLI)ISATITLELT) ENTITL 17
RETURN ENTITL 15
END ENTITL 19
LOAD WAP - EWPFIT CYBER LOADER 1,1-420 12/16/78  13.30.26.
FMA OF THE LOAD 113
LWA+1l OF THE LOAD 35061
TRANSFER ADORESS -~ EMPFIT 310
PROGRAR AND BLOCK ASSICANENTS.
sLOCK ADORESS  LENGTH FILE DATE PROCSSR VER LEVEL MARDWARE  COMNENTS
N 1l 17
ENPFLT 130 o226 Leo 12/716/76 FTN b S0 [ 112 0PT=)
il 356 23
</ 12610 .
10/ 12816 e
17 20511 1
I 20512 1
IWPUTT 20513 150 Le0 22718278 FTN 4.6 420 sbax 1
i 20083 10
CUmFIT 20873 234 (11 12218776 FIN 4.6 420 osex |
1€/ 2127 5670
FoRTY 21017 52 12716776 FIN 1
areur 270N 451 12716776 FTN 1
; COLMNS 27542 «01 12/16/76 FTR 1
LM 30143 M2 12/1&/76 FTn 1
ANOTAY 30478 15 12706776 FTR 1
FLINE 30653 21 1271%/76 FTR 1
AlA3 31074 1 12/18/76 FTN 1
A2h4 31208 118 12716776 FIN 1
(1] 2 (2] A2718/76 EIN I
(4] 3140% . 127177 FIN ]
on 31453 “0 1271676 FT0 1
DELFL 31513 [l 127107 FTR 1
DELF2 31601 30 1271877 FIn 1
Jlen 3
EMTITL 31667 [ 12718776 FIN 4.6 420 oe6x |
N 182 10/34/7% ¢ 1
WRODSK 32738 1”7 05/27/75 FIN ]
orge 32784 3 0S/727/7% ¥ i
NARKER nuzm (3] 05/29/75 FTn 1
LoCxI S 33064 124 07701778 1
| LNAX]ES 34010 51 !
NORN 34529 i3] 1 |
A INNAK 35056 (4 1
ORAW 35143 1%0 1
CORPRES 35313 . 1
RODSK s 20 1
LGhoan 51 15% 1
i Lime 51 b 1
| ORAWe 5656 mm L}
[ " 7088 3 03/33/18 1
SmsoL 402 3l 00/03/7% ]
75TP . END/ 40871 1
180, Ca/ 23

iy & &




P O Nyt

LOAD AP -

8L0(x

QeNTRY.
ComIDe
ENCO0E.
FECHSKS
FLTOUT
FORSYSe
INCON e
IwCe
XODER
QuUICs
sont
SYS=18T
X101
xTov.
FLTIN®
FuTAR .
FORUTL»
GETFITs
/10.8UF,
1wrs
KRAKER®
Jutee
ouUTCOM
REWIND =
CLoCK =
COTDER=
ALOG

£
SINCOS
SYSAID=
/CON. RN/
Cr1o.an
7408 AN/
NOVE RN
wCT AN

1 MPS RN/
/WENC RN/
10PES .FO/
/0PEN .FO/
OPEN.AN

7 TERM .RM/
/PuT.FO/

~

oPEN.SQ

EWPFIT

ADORESS

070
40750
41034
aL1s?
41220
41531
42333
42631
43011
4367
“388)
43724
4006
“4018
“6025
44201
4853
44571
44033
45062
45376
46004
46207
46363

LOAD WAP - ERMPFIT

OPEX.SQ

53053
$3067
$3100
53142
$3274
$3303
53428
$3435
S366e
$3478
5350

54714
55022

LENGTH

1,202 CP SECONDS

SL-FORTRAN
SL-FDRTRAN
SL-FOR TRAN
SL~-FOR TRAN
SL-FOR TRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN

SL-FORTRAN
SL-FORTRAN
SL~FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FOR TRAN
SL-FORTRAN
SL-FORTRAN
SL-FORTRAN
SL-FOR TRAN

sL-svysio

SL-5vsio
SL-svsio

SL-SYSID
SL-SVS 1D
sL-svsio
SL-svysio

=S1510
SL-$vs 10

SL-svsi0
sL-svsio

SL-svsio
b=

-1510
sL-3vsie

SL-sYsS10

SL-svsio
SL-3YsSi0

sL-svYsio
SL-SYsio

L-svsio
L-SYS10
SL=5YS 10
SL-SYSI0
SL-NUCLEVS

- « — -

APPENDIX A

CYBER LOADER 1.1-420 12/16/76  13.30.26.
DATE PROCSSR VER LEVEL WARDWARE  COMMENTS
08/22/76 CORPASS 3. 3-420 FCL INITILALIZATION ROUTINE.
04/22/76 CORPASS 3. 3-420 COWNON CODED 170 ROUTINES AND CONSTANTS.
06/22/76 CORPASS 3. 3-420 FORRATTED MRITE INTO CORE.
06/22/76 COMPASS 3. 3420 INITIALIZE CONSTANTS.
06/22/76 COMPASS 3. 3-420 COMMON FLOATING OUTPUT CODE
06/22/76 COAPASS 3. 3-420 FORTRAN OQBJECT LIGRARY UTILITIES.
08/22/76 CORPASS 3. 3-420 COMRON INPUT FORMATTING COOE
08/22/76 CORPASS 3. 3-420 FORNATTED READ FORTRAN RECORD.
04/22/76 CORPASS 3. 3-420 QUYPUT FORRAT IRMTERPRETER.
06/22/76 COMPASS 3. 3-420 FORMATTED WRITE FORTRAN RECORD.
06/22/76 CORPASS 3. 3-420 COMPUTE THE SQUARE ROOT OF X, JPT=ALL.
06/22/76 COAPASS 3. 3-420 MATH LIBRARY LINK TO ERRUK WESSAGE PROCESSO
06/22/76 CORPASS 3. 3-420 REAL TO INTEGER EXPOMENTIATION.
06/22/76 CORPASS 3. 3-420 REAL TO REAL EXPONENTIATICN.
06/22/76 CORPASS 3. 3-420 COMNON FLOATING INPUT CONVERTEN.
06/22/76 COMPASS 3, 3-420 CRACK APLIST AND FORMAT F(R KCOER/KRAKER,
08/22/76 COMPASS 3. 3-420 FCL MISC. UTILITIES,
08/22/76 COMPASS 3. 3-420 LOCATE AN FIT GIVEN A FILE NAME.
08/22/76 CONPASS 3. 3-420 SINARY READ FORTRAN RECORD.
06/22/76 CORPASS 3. 3-420 PROCESS FORMATTED FORTRAN INPUT.
08/22/7% COWPASS 3. 3-4620 BINARY WRIT: FORTRAN RECUMD.
06/22/76 COMPASS 3. 3-420 COMMUN DUTPUT CUDE
06/22/76 COMPASS 3. 3420 POSITIUN FILE AT BECINNINC-OF - INFGRMATION.
08/22/7% COMPASS 3. 3-420 ACCESS SYSTEM CLOCKS FOR FORTRAN.
06/22/76 CORPASS 3, 3-420 CORPUTED &0 10 ERKL’ PRLLESSOR.
08/22/7% COR 3. 3-420 CONPUTE COMMON AND NATURAL LOCARITHMS, DPTe
08/22/7% 3. 3-420 EXPONENTIAL FUNCTIUN. £ T( POWER Y. O w
08722/ 78 3, 3-620 TRIGONDWETRIC SINE Ok COSINE OF x. OPT=ALL.
o0ss22/7% 3, 3-420 LINK BETWEEN SYS*ALD AND INITIALIZATION COO
08/22/7¢ CONPASS 3. 3-420
06/22/76 COMPASS 3. 3-420
08/22/76 COMPASS 3. 3-420
08/22/76 CORPASS 3. 3-420
06/22/7¢ CORPASS 3. 3-420
08/22/7¢ CORPASS 3. 3420
08/22/7¢ CORPASS 3. 3-420
08/22/76 CORPASS 3. 3-420
06/22/76 COMPASS 3. 3-420
046222/78 CONPASS 3. 3-420
06/22/76 CONPASS 3. 3-420
06/22/76¢ CORPASS 3. 3-420
08/22/16 CORPASS 3. 3-420
06/22/7¢ CORPASS 3. 3-420

CYBER LOADER 1.1-420 12716776 13.30,26.
06/22/76 CONPASS 3. 3-420
00/22/76 CONPASS 3. D-420
06/22/76 CONPASS ). 3-420
06/22/76 CONPASS 3. 3-420
06/22/76 CORPASS 3. 2-420
06/22/76 CORPASS 1. 3-420
08/22/76 CONPASS 3, 3-420
08/22/76 COMPASS 3. 3-420
060/22/776 CONPASS 3. 3-420
10/12/7% CONPASS 3. 3-420 PROCESS SYSTEW REQUEST.

T10008 CH STORAGE USED

95 TABLE MLVES

35
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APPENDIX A

BLASYT RELATED ENVIRDNWENT

INPUT DATA - MAGNETIC INMOUCTION-AZINUIHAL

AL PHA~ 1.200E+08 BETA- $.000E206 NAXIRUR TIRE TO BF CALCULATEDe 2.000€-04
NUMBER OF INPUT DATA POINTS= 34 NUMBER OF POINTS CALCULATED BETWEEN INPUT DATA POINTS= 4
TIRE (SEC) B-AZINUTHAL TIne (SEC) S~-AZIRUTHAL TIRE (SEC) B-ALINUTHAL

1.7186-07 ~S.601E-04 4. 380€-07 ~9.453E-01 ~4.300£-01
. €-07 ~1.044F 04 $.239¢-07 =7.567€-01 ~3.405€E~01
2.072t-07 ~4.048E-0) T.167€-07 ~5.563E-01 6.358E~08
2.2%8-017 ~1.261€-02 8.1326-07 =5.338£-01 1.211E-0%
2.490¢-07 ~2.507¢-02 9.09%E -07 ~5.344E-01 1.320€6-05
2.745E-07 ~5.296£-02 1.006€ -0 ~5.273€-01 1.456E-05
2.003¢-07 ~7.937€-02 1.104E -08 ~5.1966-01 1.59E-05 ~4.6026-02
3.021E-07 =1.279€-01 1.751€-0¢ $.235€~01 2.T713E-05 ~4.8087E-02
1.319¢-07 =7.715¢-01 2.529€-08 ~5.411E-01 3.656€~05 ~4.T66E-02
3.853E-07 ~1.400E+00 3.061E-08 ~5.299-01 5.284E-05 ~4.697£-02

31.9876-07 ~1.057€+00 3.656E 06 ~4.9406-01 7. E-05 ~4.10%€-02

4.100€-07 ~1.000£+00
NURBER OF POINTS = 34

CURVE FIT CALCULATIONS

MINIWUM VALUE OF ORDINATE TO BE PLOTTED= <~1.000F¢0S

TINE (SEC) 0-AZIMUTHAL TINE (SEC) s-ALINUTHAL TIRE (SEC) E-AZINUTHAL
1.374€-07 $.0776-07 ~1.009€+00 4.102€-08 ~4.5796-01
1.443€E-07 s 4.100€ -07 «.250€-08 6. 462601
1.5126-07 -8.0856-05 4. 156€-07 4.399¢~08 -4 .300F =01
1.581€-07 ~1.916t =04 4.2126-07 4.577E~08 ~6.1266-01
1.649€-07 “3.7986-04 4.260€-07 4. 754E~06 ~3.9676-01
1.710€-07 4.324€ 07 ~3.7676-01
1.7%2¢8-07 4.300€-07 ~3.585€-01)
1.785¢-07 4.5526-07 ~3.40%5-01
1.819€-07 ~1.551€-04 4. 724€-07 ~3.1926-01
1.0526-07 ~5.179£-0% . B95E-07 ~2.984E-01
1.008E-07 ~1.646E-06 $.007€-07 ~2.701€-01
1.923¢-07 ~6.732E-06 $.239¢-07 -7. -2.585€-01
1.960€-07 -1.502€6-03 $.625€-07 ~$.9126~01 6.350E-08 ~2.390€-01
1.990€-07 ~2.5326-03 6.0106-07 ~6.415¢-01 7.508E-06 ~1.595€-01
2.035€-07 ~3.671€-03 #.396€ -07 ~6.0306-01 8.659€-06 ~1.084E-21
2.0726-07 ~4.040E-03 9.809E-06
2.113¢-07 “16-03 1.096€-0%
2.154€-07 «502€-03
2.194¢-07 -4.9056-03 -5,
2.235¢-07 ~1.0026-02 ~5.377-01
2.27E-07 ~1.2618-02 ~$.3526-01
2.320E-07 ~l.454L-02 ~5.338k-01
2.3658-07 ~1.0916-02 ~5.3326-01
2.409¢-07 ~1.9508-02 ~5.3338-01
2.454€-07 ~2.257¢-02 ~$.337¢-01 ~4.921€-02
2.490¢-07 ~2.507€-02 ~$.3436-01
2.5476-07 -2.9926-02 ~5.3446-01
2.597:-07 -3 648302 =533 16-01
2.648E-07 =3.977¢-02 ~5.323-01 1.484E-05
2.69¢-07 €-02 ~$.307E-01 ~6 055E-02
2.7456-07 ~5.296E-02 ~$.290€-01 ~4.480€-02
2.713€-07 ~5.725€-02 ~$.273€-01 -4 AT0E-02
2.800¢-07 ~6.219€-02 ~5.257€-01 1.596E-05 ~6.4028-02
2.0208-07 ~6.703£-02 “$.2418-01 LeA31E-0S
2.055¢-07 ~7.301E-02 ~5.2295¢-01 2.067€-05
2.003¢-07 ~7.9376-02 ~5.2106-01 2.3026-0%

2.9118-07 ~0.303£-02 “$.196£-01 2.538E-0%
2.9308-07 4$0€-02 ~$,140€-01 2.7736-0%
2.968¢-07 29€-02 ~5,1336-01 2.9%0¢-0%
2.993-07 «073E-01 “5.154E-01 3.128E-05
3.021€-07 ~1.279€-01 3.303¢-0%
3.0816-07 ~2.091€-01 3.479€-05 -4.002€-02
3.140€-07 ~3.271€-01 3.086E-08 4. 786602
3.200€-07 ~4.060f-01 3.9826-05 “4.708E 0.
3.259€-07 ~6.156£-01 4.307E-0% ~4.838E-02

3.319¢-07 “T.715E-01) “.b3IE-05 “4.504E-02
3.3006-07 ~9.504E-01 4.950€-0% -4 .503€-02
3.453¢-07 =1.129€+00 “6.4978-02
3.519¢-07 ~1.293€400 - £-02
3.5001-07 =1.423E400 JJ262-02
1.6536-07 ~1.488¢400 & 2802
3.720€-07 ~1.466L+00 “4.5040-02
3. 878 ~07 =“1.377€+00 ~4,108€-02
3.053-07 ~1.295¢+00 ~S.104£-01 “1.02%¢-02
3.920¢-07 =~1.136E900 ~S.11%-01 1.250E-04 ~$.070€-01
3.900-07 =“1.087¢400 ~$.034E-0) 1.506¢ 04 “1.506t -0

4.010€-07 ~1.0608400 “4.9680-01 1.7535¢8-08 “4,4008 -0
4032801 ~1.028E400 ~4.034L-01 2,000k -0 *1.200E-0%
4.0%%¢-07 ~1.010E+00 “4. 710801 2.2070-06 “3. 721005

NURBER OF POINTS = 177
36
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FOJRTER TRANSFURM CALCULATIONS

STARTING FREQUENCY(HERTZ)» 1.000E+04 DELTA FREQUENCY = 1.047€+00
A XIMUR FREQUENCY TD BF (ALCULATEDS 3.000f+07
FREQUENCY ARPLITUOE rREQUENCY ARPLITUDE
REAL INAGINARY EAL INAGINARY
1.000¢ «0% ~2.6738-08 1.0786-08 5.732E40% 1.381E-07 r.816E-07
1.047¢ e0a “2.752¢-00 1.0708-06 5.999£+0% 1.432€-07 1.703E-07
L.095E404 2266 6.278L05 1a495E-07 1584507
1. 1468404 E-06 6.570E405 1.554€-07 1.447€-07
1.2008+04 -2.920€-06 6.876E+05 1.5926-07 1.301€-07
1.295€ 404 ~2.942E-08 T.196£405 1.613E-07 1.163€-07
1.hIaE 206 ~2.944F 08 1.313¢6-08 75316405 1.637€-07 1.050€-07
1.375€404 ~2.925€-0¢ 1.386¢~08 7.002£405 1.699£-07 9.151E-06
~2.000E-00 1,6450E-06 8.260¢E005 1.718E~07 T.264E-08
~2.035¢-06 1.507¢-06 §.632E408 1.6896-07 $.920€-08
=2.771E-06 1.552€-08 9.034E+05 1.727€-07 6.61TE-0E
~2.701€E-08 1.502€-08 ] 1.721E-07 2.648E-08 N
-2.6316-08 1.597E-06 1.6776-07 1.109€-08 v
-2,5656-00 1.599€-08 1.649E-07  —4.721€-09
~2,509E-0¢ Le591E-06 1594£-07 ~2.186E-08
~2.465E-00 1.500¢€-06 1.520€-07 -3.770€-0¢
~2.434E-08 1.4326-07  -5.333E-08
~2,415E-0¢ 1a027E-07  ~$.045E-00
~2.406E-06 1.200€-07  -8.263E-0¢
2.3736+04 -2.399E-06 1.0526-07  ~9.578€-08
7.4R4F 404 ~2.3878-08 R.860F-08  -1.049F-07
7.5998 04 ~2.3638 -08 6.943E-08  -1.159€-07
2.7208+04 -2.322¢ 08 4.076E-08  -1.214E-07
2.047E 404 -2.2026-06 2.751E-08  -1.244E-07
2.9808404 -2.187¢-08 $.703€-09 -1.220€-07
T.118E 406 -2.107¢-06 -1.6536-08  -1.1726£-07
3.203E404 -2.0296-06 -3.8086-08  -1.083E~G7
3.4158404 ~1.9516-08 ~5.641E-08 -9.496¢-08
3.574E004 ~1.064E-08 ~6.930E-08  ~7.969E-08
3.761E404 ~1.762¢-08 ~8.042E-08  -5.9726-08
3.915€404 ~1.659€-06 ~8.222E-08  =3.9)DE-r*
4.097E%06 =1.577€-08 2.348E408 ~8.936E-08  -1.769E-08
4.207E406 ~1.500E-08 2.450£408 ~8.673£-08 3.084E-09
4. A0TESO4 -1.396€-06 2.572E+06 -T7.947€-08 2.227€-08
-1.2726-06 2.692E406 ~4.009E-08 3.9326-08
.914E404 ~1.156€-08 2.817E08 -5.307E-08 S.314E-08
S. 1436404 =1.048¢-08 2.948E408 -3.526€-08 6.266E-08
S.383Ee06 ~9.378€-07 3.085€+06 ~1.558€-08 6. T13E~08
S.633E 406 -8.,217€-07 3.229€+08 4.781€-09 6.5926-08
S.895E404 ~7.080€-07 3.379€06 2.397¢-08 5.863E-08
6. 1706404 -6.009€-07 3.536E¢08 ©.006E-08 4.581€-08
6.45TE+ 06 ~4.982k-07 3.701€+08 $.1156-08 2.796E-08
6L.T5TE04 -3.942€-07 3.873F¢06 5.515€-08 7.402E~09
1.07.E406 -2,929¢-07 6.056 406 S.140F=08  ~1.309F~0¢
T.401E+04 ~2.043k-07 6.202E408 4.0260E-08  ~3.042E-0%
~1.153¢-07 2.329E-08  ~4,204E~08
~3.0456-08 3.333E-09  ~4.569€-08
2.5006-08 ~1.626E-08  -4.065E-~08
8.849E -0 1.626€-08 5.089E406 “3.177€-08  -l.T4:f-us
9.291€404 1.3428-07 1.336€-08 5.326F408 ~3.9286-08  -3..91°-09
9,723 004 1.750E-07 1.26476-08 $.574E+08 ~3.048E-C8 1.2196~08
1.018E+05 2.05%€-07 1.156€-06 5.833E408 ~2.350€-08 2.826E~08
1.065E 905 2.217¢-07 1.072€-08 6.104E408 ~3.856£-09 3.496E~08
1.115€+05 2.633E07 69€-07 1.611¢-08 2.949€6~08
1.166E005 2.509€-07 +100£-07 2.915¢-08 1.323F~08
1.221Ee05 2.5176-07 8.316£-07 2.953E-0F  ~7.663E-07
1.277¢%05 2.496E-017 T1.629¢-07 7.323E+08 1.669E-08  -2.270£~08
1.337€+05 2.397€-07 €07 7.664E406 ~3.680€-09  -2.7126-08
1.399E+0% 2.2686-07 6. 371€-07 8.020¢+08 -2.033E-08  -1.57)E-08
1.464E405 2.096¢-07 $.063E-07 8.393¢k08 ~2.388€~08 3.801E~09
1.5328905 1.892-07 $.363£-07 3.7845+08 “1.180€-08 1.923¢-08
1.604E905 1.682¢-07 4.947¢-07 9.193E+06 1.216£-09 1.959E-u%
1.678L¢05 1.460€-97 4.6268-07 9.621E408 1.846E~08 5.061:-09
1.757€405 1.241€-07 4.352€6-07 1.0078407 1.2906-08  -1.156F-08
1 1.043¢-07 AL 155€-07 1.054€407 =3.101€-09  ~1.528¢-08
1 0.779¢-00 3.9726-07 1.103€+07 ~1.331E~08  -3.717€-09
2.013E40% 7.620¢-00 846 E-07 1.154€407 ~7.689€~09 9.315¢-00
2.1076 405 6.567£-08 3.733¢-07 1.2006407 5.1826~09 9.007E -0y
2.205L+05 S.9450-08 3018607 1.206E407 B.549E~09 ~1.989E-09
2.308E 05 $.459¢-08 3.515¢-07 1.323€007 =2.379E~11  =7.270€~09
2.415E408 4.900€-08 3.424€-07 1.304€+07 ~5.019€-09  -8.791f-10
2.5200+05 4.405E-00 3.342¢-07 1.449F+07 ~9.758E~10 4.587€-09
2.045E40% 4.292¢-08 3.279€-07 1.5168407 3.569¢~09 5.993c-1L
Z2.Te8€405 4.279¢-00 .24 807 1.587£407 “6.430F~1)  =2.751t-0%
2 4.521L-00 J.a03e-07 1.661E907 ~2.020E~09 Ta196c-10
$.0026-00 3 1.738 €407 1 1.2336-09
$.649¢-00 1.019€007 ~1.850¢-09
4.1176-00 1.904E407 1.8 .
4.547¢-08 1.9928+07 1.488E~09 1
7.044€-00 2.085£+07 3.349E~10  ~1.905t-0°
T.721£-00 2.739E-07 2.820007 “1.051E~09 T.5176-10
0.402¢-00 2.649E-07 2.2036407 1.485¢8-09 Ted36E-10
9.000¢ -00 2.55%¢-07 2.3%¢07 4. 779E~10  ~1.3e8(-09
9.605£-00 2.4728-07 2.501E¢07 ~“3.789€-10 1.Q04E~09
1.0046-07 2.300€-07 2.617E407 6.631E~10  -3.1356-10
1.1316-07 2.2076-07 2.7398407 2€-10 ~5.40861-11
1.200¢-97 il 76207 28472007 elloe~10 @, 47081
1.2078-07 2.050€-07 3.0008+07 1.209€~10  ~3.560f-11
S 4778005 1.3248-07 1.934¢-07
NURBER OF POINTS = 177
37
A —— e = e wc——m—m"w
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APPENDIX B
SAMPLE INPUT DATA

This appendix shows examples of input card decks of EMPFIT.

Pe 0000010500030 00000000000000000000000000000000000000000000000000000000000000000

2 3 - s [ T
9800000000800 00000000000000 sesscesescevene

eesseasnere

1

2 3-1.000€+0% 2
ENVIRINRENT 111

4“8 & 1.0006-02 1.2006+09% 5.000€¢02 1.000E+04 3.000E+07

1.2036-07-6.363E+00
1.64188-07~1,726E401
1.5006-07-4,985€+01
LoTT726-0T-1 ,46%¢E02

19766-07-5.776¢840¢
2.1986-07~ 756402
2.445E-07-1.620E403

2.950E-07-2.5564F401
2 650E-07-3,957E+03
3.019¢-07-2,4068E+064
3I17€-07-1.316E«04
©.080F-C7-2,742E40)
& 493E-0T7 7.050E402
S.6T78E-07 3.363E40)3
©.643E-07 &.6926+03
T7.307€-07 4 .809€+03
0.068E-07 &, 708E¢03
4, 7647E+0)
4.524E40)

1.181E-06 ) ,6628403
1.5656-06 1.645E403
1.751E-06 3,.7438402
1.0906-06-4,929E402
2.0C0E-06-2.270E+03
2.5296-06-6.020£+03

P E——

ST9SE~08-1,1620406

1.1056-05-1,.120E+06
3 1.211E-05-1.1160404
| 1.3286-05-1,1266404
1456E-05-1.161E40¢4
1.750E-05-1,176E+04
2.5306-05~-1.296E404
33K -C5-1.3T2E404
S 794F-05-1,6T7E406
9AE3E-C5+-]1,501E406
1.000E-04~) 4998404
1.1000-C6~) .6T0E+06
2.2006-C6~1.097E404
2350006 =) 065404
2.4500-06-1.000E+06
©.200F-06-5,200E403
$ 000064 -4 . 400E+03
6 .500F-0U6~3,800103
9.000E-04~-12,%00E03
1.500F-03-2,2008403

$E00000S0010000000000000000 00000000000 $950008000000050000000000000000
. 5 L) 7

3
S E eI EENssarstereteetiottetosaetaitisensnssesstcesesssctevsesenecesone

see

1
5 3-1.0008005 1 1
TEST ENFTAdnnaENY
15 & G.000E=25 1.¢03F038 5.000F56 123026000 4.000F 07

TEST TI4aE

TEST v (A3F,

TEST PLIT (ASEL

2.9605=30 1,327E-08

3250607 1,057E-04

34595537 2.961E-04

3750507 1. 727E-08

$ed006-01 1.450E-06

.403F=07 1,J50F-04

$.716F-00 7,861E-9%

5101507 5,900E-05
5590507 4, 155E-35
B o252E0% 1,56291-05%

PoSTE=08 12108205
1o9885=05 2,9506-9%

3452795 4,9028-08

Do330E-05 1o088e-08 ( PRECEDING pagg

e Sarrions
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DEFENSE DOCUMENTATION CENTER
CAMERON STATION, BUILDING 5
ALEXANDRIA, VA 22314

ATTN DDC-TCA (12 COPIES)

COMMANDER

USA RSCH & STD GP (EUR)

BOX 65

FPO NEW YORK 09510

ATTN LTC JAMES M. KENNEDY, JR.
CHIEF, PHYSICS & MATH BRANCH

COMMANDER

US ARMY MATERIEL DEVELOPMENT

& READINESS COMMAND

5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

ATTN DRXAM~TL, HQ TECH LIBRARY

ROCK ISLAND, IL 61201
ATTN DRSAR-ASF, FUZE DIV
ATTN DRSAR-RDF, SYS DEV DIV - FUZES

COMMANDER

USA MISSILE & MUNITIONS CENTER
& SCHOOL

REDSTONE ARSENAL, AL 35809
ATTN ATSK-CTD-F

COMMANDER IN CHIEF
US EUROPEAN COMMAND, JCS
APO NEW YORK 09128
ATTN TECHNICAL LIBRARY

DIRECTOR
DEFENSE ADVANCED RSCH PROJ AGENCY
ARCHITECT BUILDING
1400 WILSON BLVD.
ARLINGTON, VA 22209
ATTN AD/E&PS GEORGE H. HALMEIER
ATTN TECHNICAL LIBRARY

DIRECTOR
DEFENSE CIVIL PREPAREDNESS AGENCY
ASSISTANT DIRECTOR FOR RESEARCH
WASHINGTON, DC 20301

ATTN TS(AED), ROOM 1C 535

ATTN ADMIN OFFICER

ATTN RE(EO)

DEFENSE COMMUNICATION ENGINEER CENTER
1860 WIEHLE AVENUE
RESTON, VA 22090

ATTN CODE R720, C. STANSBERRY

ATTN CODE RA00

ATTN CODE R124C, TECH LIB

DIRECTOR
DEFENSE COMMUNICATIONS AGENCY
WASHINGTON, DC 20305
ATTN CODE 540.5
ATTN CCTC/C672, FRANKLIN D. MOORE
ATTN CODE 930, MONTE I. BURGETT, JR.

DIRECTOR
DEFENSE NUCLEAR AGENCY
WASHINGTON, DC 20305
ATTN RATN
ATTN DOST
ATTN RAEV
ATTN STTL TECH LIBRARY
ATTN STSI ARCHIVES
ATTN STVL

R - o

DISTRIBUTION

DIRECTOR OF DEFENSE RESEARCH
& ENGINEERING
DEPARTMENT OF DEFENSE
WASHINGTON, DC 20301

ATTN DD/S&SS

COMMANDER
FIELD COMMAND
DEFENSE NUCLEAR AGENCY
KIRTLAND AFB, NM 87115
ATTN FCPR
ATTN FCSM-F3, CDR SMITH

DIRECTOR
INTERSERVICE NUCLEAR WEAPONS SCHOOL
KIRTLAND AFB, NM 87115

ATTN TECH LIB

ATTN DOCUMENT CONTROL

DIRECTOR
JOINT STRATEGIC TARGET PLANNING
STAFF, JCS
OFFUTT AFB
OMAHA, NB 68113
ATTN STINFO LIBRARY
ATTN JSAS
ATTN JPST

CHIEF
LIVERMORE DIVISION, FIELD COMMAND DNA
LAWRENCE LIVERMORE LABORATORY
P.O. BOX 808
LIVERMORE, CA 94550
ATTN FCPRL

NATIONAL COMMUNICATIONS SYSTEM
OFFICE OF THE MANAGER
WASHINGTON, DC 20305

ATTN NCS-TS, CHARLES D. BODSON

NATIONAL COMMUNICATIONS SYSTEM
OFFICE OF THE MANAGER
WASHINGTON, DC 20305

ATTN NCS-TS, CHARLES D. BODSON

DIRECTOR

NATIONAL SECURITY AGENCY

FT. GEORGE G. MEADE, MD 20755
ATTN O. O. VAN GUNTEN-R-425
ATTN TECHNICAL LIBRARY

oJCcs/J-6

THE PENTAGON

WASHINGTON, DC 20301

(COMMUNICATIONS-ELECTRONICS)
ATTN J~-6, ESD-2

DIRECTOR

BMD ADVANCED TECH CTR

HUNTSVILLE OFFICE

PO BOX 1500

HUNTSVILLE, AL 35807
ATTN TECH LIB

COMMANDER
BMD SYSTEM COMMAND
PO BOX 1500
HUNTSVILLE, AL 35807
ATTN TECHNICAL LIBRARY
ATTN BDMSC~TEN, NOAH J. HURST
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DEP CHIEF OF STAFF FOR RSCH DEV & ACQ
DEPARTMENT OF THE ARMY
WASHINGTON, DC 20310

ATTN DAMA-CSM-N, LTC G. OGDEN

COMMANDER
PICATINNY ARSENAL
DOVER, NJ 07801
ATTN SARPA-ND-D-B, EDWARD J. ARBER
ATTN PAUL HARRIS
ATTN SARPA-ND-D-C-2
ATTN SARPA-ND-W
ATTN SARPA-ND-DA-4
ATTN SARPA-TN, BURTON V. FRANKS
ATTN TECHNICAL LIBRARY
ATTN HYMAN POSTERNAK

COMMANDER

TRASANA

WHITE SANDS MISSILE RANGE, NM 88002
ATTN ATAA-EAC, FRANCIS N. WINANS

COMMANDER

US ARMY ARMOR CENTER

FORT KNOX, KY 40121
ATTN TECHNICAL LIBRARY

CHIEF
US ARMY COMMUNICATIONS SYSTEMS AGENCY
FORT MONMOUTH, NJ 07703

ATTN SCCM-AD-SV (LIBRARY)

COMMANDER
US ARMY COMPUTER SYSTEMS COMMAND
FORT BELVOIR, VA 22060

ATTN TECHNICAL LIBRARY

COMMANDER

US ARMY ELECTRONICS COMMAND

FORT MONMOUTH, NJ 07703
ATTN DRSEL~CT-HDK, ABRAHAM E. COHEN
ATTN DRSEL-CE, T. PREIFFER
ATTN DRSEL-TL~MD, GERHART K. GAULE
ATTN DRSEL-GG-TD, W. R. WERK
ATTN DRSEL-TL-ENV, HANS A. BOMKE
ATTN DRSEL-TL-ME, M. W. POMERANTZ
ATTN DRSEL-TL-IR, ROBERT A. FREIBERG
ATTN DRSEL-WL-D
ATTN DRSEL-NL-D

COMMANDER~- IN-CHIEF
US ARMY EUROPE AND SEVENTH ARMY
APO NEW YORK 09403
(HEIDELBERG)
ATTN TECHNICAL LIBRARY

DIRECTOR
US ARMY MATERIAL SYS ANALYSIS AGCY
ABERDEEN PROVING GROUND, MD 21005
ATTN TECHNICAL LIBRARY
ATTN DRXSY-CC, MR. DONALD R. BARTHEL

COMMANDER

US ARMY MISSILE COMMAND

REDSTONE ARSENAL, AL 35809
ATTN DRSMI-RGP, HUGH GREEN
ATTN DRCPM~LCEX, HOWARD H. HENRIKSEN
ATTN DRCPM-PE-EA, WALLACE O. WAGNER
ATTN DRSI-RGP, VICTOR W. RUWE

COMMANDER
US ARMY MOBILITY EQUIPMENT R & D CENTER
FORT BELVOIR, VA 22060

ATTN STSFB~MW, JOHN W. BOND, JR.

ATTN TECHNICAL LIBRARY
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COMMANDER

US ARMY NUCLEAR AGENCY

FORT BLISS, TX 79916
ATTN ATCN-W, LTC LEONARD A. SLUGA
ATTN TECH LIB
ATTN COL. DEVERILL

COMMANDER

US ARMY SECURITY AGENCY

ARLINGTON HALL STATION

4000 ARLINGTON BLVD

ARLINGTON, VA 22212
ATTN TECHNICAL LIBRARY

COMMANDER

US ARMY TEST AND EVALUATION COMMAND

ABERDEEN PROVING GROUND, MD 21005
ATTN DRSTE-EL, RICHARD I. KOLCHIN
ATTN DRSTE-NB, R. R. GALASSO
ATTN TECHNICAL LIBRARY

COMMANDER
US ARMY TRAINING AND DOCTRINE COMMAND
FORT MONROE, VA 23651

ATTN TECH LIBRARY

COMMANDER
WHITE SANDS MISSILE RANGE
WHITE SANDS MISSILE RANGE, NM &8002
ATTN TECHNICAL LIBRARY
ATTN STEWS-TE-NT,
MR. MARVIN P. SQUIRES
ATTN STEWS-TE-AN, A. DE LA PAZ

CHIEF OF NAVAL OPERATIONS
NAVY DEPARTMENT
WASHINGTON, DC 20350
ATTN CODE 604C3, ROBERT PIACESI

CHIEF OF NAVAL RESEARCH
DEPARTMENT OF THE NAVY
ARLINGTON, VA 22217
ATTN TECHNICAL LIBRARY
ATTN CODE 464, R. GRACEN JOINER
ATTN CODE 427
ATTN CODE 464, THOMAS P. QUINN

COMMANDER
NAVAL AIR SYSTEMS COMMAND
HEADQUARTERS
WASHINGTON, DC 21360
ATTN TECH LIB
ATTN AIR-350F, LCDR HUGO HART

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
HEADQUARTERS
WASHINGTON, DC 20360
ATTN TECH LIB
ATTN PME-117-T
ATTN PME 117-21
ATTN PME117-215A, GUNTER BRUNHART

COMMANDER
NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO, CA 92152
ATTN CODE 2400, S. W. LICHTMAN
ATTN CODE 2200 1,
VERNE E. HILDEBRAND
ATTN CODE 3100, E. E. MCCOWN
ATTN TECHNICAL LIBRARY

DISTRIBUTION (Cont'd)
COMMANDING OFFICER
NAVAL INTELLIGENCE SUPPORT CENTER
4301 SUITLAND ROAD, BLDG 5
WASHINGTON, DC 20390

ATTN TECHNICAL LIBRARY

SUPERINTENDENT
NAVAL POSTGRADUATE SCHOOL
MONTEREY, CA 93940
ATTN CODE 2124, TECH RPTS LIBRARIAN

DIRECTOR

NAVAL RESEARCH LABORATORY

WASHINGTON, DC 20375
ATTN CODE 6631, JAMES C. RITTER
ATTN CODE 7706, JAY P. BORIS
ATTN CODE 4004, EMANUAL L. BRANCATO
ATTN CODE 2027, TECH LIB
ATTN CODE 2627, DORIS R. FOLEN
ATTN CODE 7701, JACK D. BROWN

COMMANDER
NAVAL SEA SYSTEMS COMMAND
NAVY DEPARTMENT
WASHINGTON, DC 20362
ATTN SEA-9931, RILEY B. LANE

COMMANDER

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MD
ATTN CODE 431, EDWIN B. DEAN
ATTN CODE WX21, TECH LIB
ATTN CODE WAS01, NAVY NUC PRGMS OFF
ATTN CODE 431, EDWIN R. RATHBURN
ATTN CODE WAS0, JOHN H. MALLOY
ATTN CODE 223, L. LIBELLO
ATTN CODE WR43

20910

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448
ATTN TECHNICAL LIBRARY
ATTN CODE FUR, ROBERT A. AMADORI

COMMANDING OFFICER
NAVAL WEAPONS EVALUATION FACILITY
KIRTLAND AIR FORCE BASE
ATRUQUERQUE, NM 87117

ATTN LAWRENCE R. OLIVER

ATTN CODE ATG, MR. STANLEY

COMMANDING OFFICER
NAVAL WEAPONS SUPPORT CENTER
CRANE, IN 47522

ATTN TECHNICAL LIBRARY

ATTN CODE 7024, JAMES RAMSEY

DIRECTOR
STRATEGIC SYSTEMS PROJECT OFFICE
NAVY DEPARTMENT
WASHINGTON, DC 201376
ATTN SP2701, JOHN W. PITSENBERGER
ATTN NSP-2342, RICHARD L. COLEMAN
ATTN NSP-43, TECH LIB
ATTN NSP-230, DAVID GOLD

COMMANDE R

ADCOM/XPD

ENT AFB, CO 80912
ATTN XPQDQ, MAJ G. KUCH
ATTN XPDQ

42

AF GEOPHYSICS LABORATORY, AFSC
HANSCOM AFB, MA 01731
ATTN J. EMERY CORMIER

AF WEAPONS LABORATORY, AFSC
KIRTLAND AFB, NM 87117
ATTN EL, MR. JOHN DARRAH
ATTN DYX, DONALD C. WUNSCH
ATTN SAT
ATTN ELA
ATTN ELC
ATTN ELP, CARL E. BAUM
ATTN EL
ATTN SAS
ATTN SUL
ATTN ELA, J. P. CASTILLO
ATTN EL (LIBRARY)

AFTAC
PATRICK AFB, FL
ATTN TECH LIB

32925

HEADQUARTERS

AIR FORCE SYSTEMS COMMAND

ANDREWS AFB

WASHINGTON, DC 20331
ATTN TECHNICAL LIBRARY

COMMANDER

AIR UNIVERSITY

MAXWELL AFB, AL 36112
ATTN AUL/LSE-70-250

COMMANDER

ASD

WPAFB, OH 45423
ATTN ENFTV
ATTN ASD-YH-EX

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION,
HANSCOM AFB, MA 01731
ATTN YWEI
ATTN TECHNICAL LIBRARY
ATTN XRT, LTC JOHN M. JASINSKI
ATTN YSEV

(AFSC)

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 454133

ATTN TD-BTA, LIBRARY

ATTN ETET, CAPT RICHARD C. HUSEMANN

HQ USAF/RD
WASHINGTON, DC 20330
ATTN RDQPN

COMMANDER
OGDEN AIR LOGISTICS CENTER
HILL AFB, UT 84401

ATTN TECH LIB

ATTN MMEWM, ROBERT JOFFS

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13440

ATTN EMTLD, DOC LIBRARY

SAMSO/DY

POST OFFICE BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009
(TECHNOLOGY)
ATTN DYS, MAJ LARRY A. DARDA
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SAMSO/MN
NORTON AFB, CA 92409
(MINUTEMAN)
ATTN MNNH, CAPT B. STEWART
ATTN MNNH, MAJ M. BARAN

SAMSO/SK
POST OFFICE BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
(SPACE COMM SYSTEMS)

ATTN SKF, PETER H. STADLER

COMMANDER IN CHIEF

STRATEGIC AIR COMMAND

OFFUTT AFB, NB 68113
ATTN NRI-STINFO LIBRARY
ATTN DEF, FRANK N. BOUSHA
ATTN XPFS, MAJ BRIAN STEPHAN

DIVISION OF MILITARY APPLICATION
US ENERGY RSCH & DEV ADMIN
WASNINGTON, DC 20545

ATTN DOC COM POR CLASS TECH LIB

EGeG, INC.

LOS ALAMOS

PO BOX 809

LOS ALAMOS, NM a5544
ATTN TECH L7

DIVISION

LOS N M08 SCIENTIFIC LABORATORY
P 2. BOX 1663
LOJG ALAMOS, NM 87544
ATTN DOC CONTROL FOR REPORTS LIBRARY
ATTN DOC CON FOR ARTHUR FREED
ATTN DOC CON FOR
RICHARD L. WAKEFIELD

SANDIA TABORATORIES
PO BOX 5800
ALBUQUERQUE, NM 87115
ATTN DOC CON FOR ORD 9353,
R. L. PARKER
ATTN DIV 5231, JAMES H. RENKEN
ATTN DOC CON FOR GERALD W. BARR, 1114
ATTN DOC CON POR 3141 SANDIA RPT COLL
ATTN DOC CON FOR ELMER F. HARTMAN

UNION CARBIDE CORPORATION
HOLIFIELD NATIONAL LABORATORY

37830

UNIVERSITY OF CALIFORNIA
LAWRENCE LIVERMORE LABORATORY
PO BOX 808
LIVERMORE, CA 94550

ATTN HANS KRUGER, L~96
WILLIAM J. HOGAN, L-531
TERRY R. DONICH, L-96
LELAND C. LOQUIST, L-154
FREDERICK R. KOVAR, L~31
E. K. MILLER, L~156
DONALD J. MEEXER, L-545
L~153, ROBERT A. ANDERSON
TECH INFO DEPT, L~3
LOUIS F. WOUTERS, L~-48

]

ATT™N

DISTRIBUTION (Cont'd)

AERONUTRONIC FOKD CORPORATION
AEROSPACE & COMMUNICATIONS OPS
AERONUTRONIC DIVISION
FORD & JAMBOREE ROADS
NEWPORT BEACH, CA 92663
ATTN E. R. PONCELET, JR.
ATTN KEN C. ATTINGER
ATTN TECH INFO SECTION

AEROSPACE CORPORATION

PO BOX 92957

LOS ANGELES, CA 90009
ATTN C. B. PEARLSTON
ATTN IRVING M. GARFUNKEL
ATTN JULIAN REINHEIMER
ATTN LIBRARY
ATTN MELVIN J. BERNSTEIN
ATTN S. P. BOWER
ATTN NORMAN D, STOCKWELL
ATTN BAL KRISHAN

BATTELLE MEMORIAL INSTITUTE
505 KING AVENUE
COLUMBUS, OH 43201

ATTN TECHNICAL LIBRARY

BDM CORPORATION, THE
1920 ALINE AVE
VIENNA, VA 22180
ATTN TECHNICAL LIBRARY
ATTN T. H. NEIGHBORS

BDM CORPORATION, THE

PO BOX 9274

ALBUQUERQUE INTERNATIONAL

ALBUQUERQUE, NM 87119
ATTN TECH LIB

BOEING COMPANY, THE
PO BOX 3707
SEATTLE, WA 98124
ATTN HOWARD W. WICKLEIN, MS 17-11
ATTN D. E. ISBELL
ATTN DAVID DYE, MS 87-75
ATTN DAVID KEMLE
ATTN AEROSPACE LIBRARY

BOOZ-ALLEN AND HAMILTON,

106 APPLE STREET

NEW SHREWSBURY, NJ
ATTN TECH LIB
ATTN R. J. CHRISNER

INC.

07724

BROWN ENGINEERING COMPANY,

CUMMINGS RESEARCH PARK

HUNTSVILLE, AL 35807
ATTN JOHN M, MCSWAIN, MS 18
ATTN TECH LIB, MS12, P. SHELTON

INC.

BURROUGHS CORPORATION
FEDERAL AND SPECIAL SYSTEMS GROUP
CENTRAL AVE AND ROUTE 252
PO BOX 517
PAOLI, PA 19301
ATTN ANGELO J. MAURIELLO
ATTN TECH LIB

CALSPAN CORPORATION

PO BOX 235

BUFFALO, NY 14221
ATTN TECH LIBRARY

43

CHARLES STARK DRAPER LABORATORY INC.
68 ALBANY STREET
CAMBRIDGE, MA 02139

ATTN TECH LIB

ATTN KENNETH FERTIG

COMPUTER SCIENCES CORPORATION
P.O. BOX 530
6565 ARLINGTON BLVD
FALLS CHURCH, VA 22046
ATTN TECH LIB

COMPUTER SCIENCES CORPORATION
201 LA VETA DRIVE, NE
ALBUQUERQUE, NM 87108
ATTN PICHARD H. DICKHAUT
ATTN ALVIN SCHIFF

CUTLER-HAMMER, INC.
AIL DIVISION

COMAC ROAD

DEER PARK, NY 11729

ATTN CENTRAL TECH FILES, ANN ANTHONY

DIKEWOOD CORPORATION, THE
1009 BRADBURY DRIVE, SE
UNIVERSITY RESEARCH PARK
ALBUQUERQUE, NM 87106
ATTN TECH LIB
ATTN L. WAYNE DAVIS
ATTN K. LEE

EG&G, INC.

ALBUQUERQUE DIVISION

PO BOX 10218

ALBUQUERQUE, NM 87114
ATTN TECHNICAL LIBRARY

ESL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
ATTN TECHNICAL LIBRARY

EXP AND MATH PHYSICS CONSULTANTS
P. O. BOX 66331
LOS ANGELES, CA 90066

ATTN THOMAS M. JORDAN

GARRETT CORPORATION

PO BOX 92248

LOS ANGELES, CA 90009
ATTN ROBT. WEIR, DEPT. 93-9
ATTN TECH LIB

GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (PO DRAWER QQ)
SANTA BARBARA, CA 93102

ATTN DASIAC

ATTN ROYDEN R. RUTHERFORD
GENERAL ELECTRIC COMPANY-TEMPO
ATTN: DASIAC
C/0 DEFENSE NUCLEAR AGENCY
WASHINGTON, DC 20305

ATTN WILLIAM ALFONTE

GENERAL RESEARCH CORPORATION
P.O. BOX 3587
SANTA BARBARA, CA 93105
ATTN TECH INFO OFFICE
ATTN JOHN ISE, JR.
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GEORGIA INSTITUTE OF TeCHNOLOGY
GEORGIA TECHR RESEARCH INSTITUTE
ATLANTA, GA 30332

ATTN R. CURRY

GTE SYLVANIA, INC.

ELECTRONICS SYSTEMS GRP-EASTERN DIV

77 A STREET

NEEDHAM, MA 02194
ATTN CHARLES A. THORNHILL, LIBRARIAN
ATTN LEONARD L. BLAISDELL
ATTN JAMES A. WALDON

GTE SYLVANIA, INC.

189 B STREET

NEEDHAM HEIGHTS, MA 02194
ATTN CHARLES H. RAMSBOTTOM
ATTN A S M DEPT, S. E. PERLMAN
ATTN DAVID P. FLOOD
ATTN COMM SYST DIV, EMIL P. MOTCHOK
ATTN HERBERT A. ULLMAN
ATTN H & V GROUP, MARIO A. NUREFORA

HARRIS CORPORATION
HARRIS SEMICONDUCTOR DIVISION
P.O. BOX 881
MELBOURNE, FL 32901
ATTN C. F. DAVIS, Ms 17-220
ATTN WAYNE E. ABARE, MS 16-111
ATTN T. CLARK, MS 4040
ATTN TECH LIB
ATTN CHARLY'S DENTON, JR., MS 1-500

HONEYWELL INCORPORATED
AEROSPACE DIVISION
13350 U.S. HIGHWAY 19
ST. PETERSBURG, FL 33733
ATTN TECHNICAL LIBRARY
ATTN HARRISON H. NOBLE, MS 725-5A
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