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ABSTRACT =

A statistical-analysis is,presenfed t; investigatg!
. the errér which occurs d#ring the‘ha@d~digitélizétion’of:a
wavéformo . This hondetefminiséic~pf§cess is ohé of the
latter sequences within the task-pf'éfudying thé'éle§tro;
magnetic pulse (EMP) effects in the fréquency_dohaina'
Experimental details for data'cblleétion'and'the software
used to reduce the data are given.to,prﬁvide a basis for

the analysis.
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CHAPTER 1
INTRODUCTION

Rescarch is being conducféd by the Department of
the Army.tO»determine the electromégnetic fieia:réspoﬁses
within various environments t0 a high intenéity;electré—
magnetic pulse (EMP transients);; A method'of anélyzing
thése'pulse effects has been to set up a test station with
electric and magnetic field probes which Sample the test
ﬁolume. This sensor information!is dispiayéd&on.oscillo—
scopes with attaéhed cameraéa SyncﬁronouS-wi%h:the ?ulée
propagating fhréugh the test Station, the_cémeras-record
the véri0u5~time Varying,voltages, cdrrents,-or fields
causéd by the pulse. Two waveforms are recorded for eééhr
sensor. The oscilloscope sweeps are adjdsted such that omne
oscilloscope records theventire time history of the pu%se
effécts, rhilera second oscilloscope records,; with a
faster sweep, only the leading édge information.. These
two pictures are then tied together on one graph with the
changing of sweep speeds acﬁognted for by . the proper
mapping of the time axis. To obtain the spectral conteﬁt
in the fregquency domaiﬁ of these various time varying
parameters, Fourier transforms of the recorded waveforms

are taken.



To perform the Fourier'transfofm pro@esé,.thé
recorded waveform must.be diéitizeda"These'digitized data
are then stored by a means compatible to digital cbmpﬁtér
proceséingc- A numerical Fourier transformvtechﬁique is -
Vused'to convert the time domain data into‘thé frequency.
domain.’ Within  the Army.projecfg the aﬁalysis of the-
-waveforms is pérformed by two means. At forf.ﬂuaﬁhuca;-ani'
”in;house”'investigation is being.conducfed'using macﬁine
digitizers and the fast Fourier trénsform algofith@?v Céh;
vcurrently, at The University of Arizona, a large ndmber.ofv
individuals hand digitize the waveforms and_thg transférﬁs
are achieved by using Fiionfs Numefical'Integrétionl
Technique.

This thesis describes statistical errorsAin the
hand digitalization method. The thesis is organized iﬁto
various to?ics with Chapter é describing the.nature of the
digitalization effort, Chapter 3 contains the methdds used
.to reduce tﬁe data into statistical displays and results.

" Chapter 4 is an analysis of the results from Chaptér 3, and
éhapter 5 offers the conclusions made during the analysis..
The final portions of this study contéin recommendations

for future work, the appendices, and a list. of references. =



CHAPTER 2

EXPERIMENT DESCRIPTION..-

201 Initial Waveform Processing
A two p%cture'set of omne represe#tative.pUl$?n 

(ﬁigures 2.1 and :2.2) wés qhosen to illustrate f£é¥§f$;:
cedures that are reéuired to analyze\pﬁlse wa&eforﬁsA
recorded from oscilloscope traces at the éroject'tést
site. Figure 2.1 recorded only thé leadiﬁg,edge.ihfcrmé—
tion of the pulse and its sweep.was‘lo-ﬁimes that-ﬁsed‘to
récqrd Figure 2.2, To fécilitate andAeépnomize tﬁe répro~
duction of the waveform, tracing péperAWith é superimposéd
grid of 20 lines per inch was chosen to provide a trace
that is dintersected by 5Q time lines. The amplitude
reference was chosen to provide 200 gquantization levels
per inch along the amplitudé axis. The exéct waveform
amplitude in volts is not required in thiS'study; There-
fore, the freqﬁencyAdomain levels will be relativé‘
quantities. The two origiﬁal photographs were time tied
at time interval 37 with intervals 1-36 having a'% nsec
.duration,‘and:intervals 37-5C having a 4o nsec duration.
The two photographs were tied together so that the leading

edge information has a moderate maximum siope for good

(W3]



Figure 2.1. Oscilloscope Photo with Sweep w

Figure 2 .2. Oscilloscope Photo with Sweep 10w



fesolution and "all of‘the'history of the pulse could be

analyzed on one waveform as shown in. Figure 2.3-

}.

252 Hénd Digitalization Procedures -

The final copy of.the Waveform.(Figure-z;é),wéé
réproduced.and givenitoféok undergfaduate and‘gradﬁéﬁeul
studenfsvat.Thg-ﬁniversify of Arizona. A one minufe'
exblanation of thé task was given-agd then the stqaenté
independently performed the digitaiization'task in-groupé
"of 10-40 individuals, ét.various_times during_the-day,vaﬁd
at various psychological attituaes (i.e., during breaks,
before and after formal lectures, and betwegn classes)mv,
All of the individuals were‘told’to perform fhe task as
quickly as poséible ana'fﬁe avefage time fo‘compléte_the
digitalization of the 50 time intervals was 5 minutes.
After completing the task, the students’? obserﬁétionS’were
transcribed onto data cards for sforage aﬁd éﬁbsequenf

processing.



Figure 2.3. Time Tied Waveform Copy with Superimposed
Reference Grid
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CHAPTER 3
DATA REDUCTION

3,1 Time Domain Reduction

A flow chart of the'following'narfativa seqﬁence
is given in Figure 3.1, The first task in the sequenée of
analyzing the time domain data was to fejéct those data
points that did not heet Chaﬁvenet's Criterion (Section.
A.11 in Appendix A) using pfogram TIMEA. - The”edited éataﬁ.{
were then proceééed to find their mean, standard devigtion,
skewness, and kurtosis with prégram TIMEB. The edited time
domain data and moment statistics were thép processed and
disﬁlayed using thé following progréms: |
1. A display of the mean and the respective high and -
low values for each of th; 50 time interwvals |
(program HILO) (see Figure 3.2).
2. A diéplay of the‘PDF’s and CDF's with a listing
.of the mean, standard deviation, skew, ané kurtosis
for each of the 50 time intervals {program CDFPDF)
(see Figure 3.3 for tﬁe explanation of display
notation, and FigureS»jgé thrpugh 3.53) .
‘3. A display of the slope at each time interval versus
" its standard deviation (program»SLVSD) (éee

Figure 3.54).
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4} A display"of the'cofrelation function{(Appendix.A;‘

| Seption A.7) for each time inferval'(prégram

‘?CORRFCN)'(see Figuré~3;55_and,Figureé'j%56*thfough
5,60 . R o : -

5. ?A display-pflfhe Stéhdafd deViatioh:fersqs thé
.proximity’of the meén value té an-aﬁﬁlitude gridA
reference line (ﬁrbgramiPROX)‘(see Figure 3.61) .

6. A display of thé average individual éfror'per time'

interval (program AVERR) (see Figure 3.62),

3°2 'Frequency.Domain Reducfion:”~

A'fiow chart of the follbwing-ﬁarraﬁi#é séquénce
is given in Figure 3063° 

Before fhe-frequency'analysis can Eegin, it is
assumed that the frequehcies (or band of frequencies) for
thé analysis are giveha Previous to this ekperimeht, it
waétdeterﬁined that fhe_lowest fréquencyktréhsfofm reqdired_
Wouldnbe at ;5-mhz and that fréquencies highér_than ;5 mhz
%ould be sampled untilthe magﬁitudes of the spectral
levels fell off and stayed below -40 db of that level
_thained’for .5 mhz, Uéing thé level obtained at .5 mhz as
a zero db reference, the ffequency_aomain‘stafistics were
found for.frequencies in the range .5 < F < 50 mhz. Anj
quahtity of frequencies within this bénd couid Ee dis~-

played, but the amount of .computation time per'frequency
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LEAD TIME INTERVALS

LEAD indicates which time interval

is used to correlate with another
time interval which leads X intervals
aheade

LAG indicates which time interval
is used to correlate with another
time interval which lags X
intervals behind.

LAG TIME INTERVALS

Explanation of the Display Nomenclature for
Figures 3*56 through 360



65

LEAD TIME INTERVALS
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Note: See Figure 3¢55 for an
-.47 explanation of the display nomenclature.
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Figure 3 56. Correlation Diagram for LAG/LEAD = 1 Time
Interval



66

LEAD TIME INTERVALS
0000011111111112222222222333333333344U0444444
567890123 456 78901234567 39012 34567 3901234567 8

i il f£ fift

v f£

-eh

Note: See Figure 3*55 for an explanation
of the display nomenclature.
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Figure 357 Correlation Diagram for LAG/LEAD = 2 Time
Intervals
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Note: See Figure 3¢55 for an explanation
of the display nomenclature.
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Figure 359 ¢ Correlation Diagram for LAG/LEAD = Kk Time

Intervals
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Note: See Figure 3-55 for an explanation
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Figure 3¢60. Correlation Diagram for LAG/LEAD = 5 Time
Intervals
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was substantial. Programs were compiled to_displéy.the

Afollowing'informafion:

1.

'2o'

A dlsplay of the’ expected values between «5 mhz and

:»50 mhz (program QERF) (see Flgure 3 64)

A dlsplay of: the frequency domaln probablllty
den51ty functions and cumulatlve dlstrlbutlon

functions with a listing of the mean, standard

.deviation, skewness, and kurtosis for selected

frequencies (program FREQ) (see Eigure 3.65 for

an - explanation of display notatiena and Figures
3;66'through 3.75). Note: Eéen time aomain;sample
isrtraneformed into the freqnency doﬁain_and the

frequendyistétistics are formed from the ensemble

-of transforms.
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for the error bars at -89
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Frequency Domain Expected Values
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. CHAPTER 4

ANALYSIS OF THE EXPERIMENT

4.1 ‘Scoée of the Aﬁalysis

" Many nondeterministic processeé'are'qdnféihéd inzthe;
overall task of‘studying EMP. effects. A génerai-seéuencé ;
wbuld.indlﬁde the process'bf-sensiﬁg the'puiséffieids,v. 
photographing the oscilloscope screen,.reprdduéihgvﬁhe
photograph, quantizing the 1/.ravef_“c>rm_.3 aﬁdlnuméricéily'trans—:
forming the time domain data into the fre@uenéy.doméin; A
variety of error sources are inherent in each'of:the'
sequences and an exhaustive list oflfheSe.errors could béu
arbitrarily 1éng. However, one of the dominant Sources.and
the central purpose of this study is’ the error Whioh-occ@fsi
during the hand,digitélizatién of fhe wé?eformo _Thereforé,
the analysis will commence with.ah investiga%ionrof'the time
domain statistics of the digitalized waveform followed by |
the transformation of these statistics into the frequency

domain.

4,2 Time Doméin(Analysis

4b,2,1 Prelude
Each individual attempting to interpolate the wave- .

form amplitude at each of the time-intervéls will bias his
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observation wiﬁhvébr?elétion of the amplitﬁdé f§»sqrround;3f
ing.time:interfals; Thereforeé.thé observations can ndt.A
be asSuméd to bécindépendent:to one ano#her éléné fhe_time'.
axis. The set of 6bsefvationé fbr_eééh time interyal.
“should be.consideréd as a random Variableii(g)a ;Thérefore,
wé.have'a nonstationar§ stbchastiQ process which
correlated discrete time.functionslg(t;gi)o
'4°2°2 Analysis of tﬁe Meén Value Display With
. High and Low Values for Fach Time Interval
The mean value‘diéplay (Figurelgol) pro#idés a
visual indiéation’of the timeldﬁmain error'bérs, The
relative magnitude‘of,the error bars profides.an indication
of ability of the quantizing personnel fo agreée én'eACh_
time intefvél»valué, however, this display does not éiVe
an indiéation of the variance for each'time.intefval}
Therefore, this display sh§uld be uéed primarily as a
mrefereﬁCe of thevexpécted_values for the time domain
intervals discussed ih the analysis of the PDF's and'CDF‘so
4.2.3 Analysis of Probablllty Density Functlons
and Cumulative Dlstrlbutlon Functlons
Figures 3.4 through 3.53 provide a display of the
CDF and PDF'forAeach of the 50 time intervaléa The primary
purpose of these displéys is to anélyze the time of distri-.
butioﬁs fdund in the time dbmainn
' Only six time intervals shown in Figures 3.8, 3.13,

3.14, 3.33, 3.43, and 3.51 are con51dered to dlsplay a
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Gaussian disfributibnp”»bf;thése_éix,fFiguré‘3o5l has the
’ near¢s£ skeW“andﬂkdrtosis’ététisfi@s tdAthése displayéd by'
T a Gaussian'distributiono:r- | |
| Twelve additionai'iﬁtervals héve~distfibutionsf
whose 4t order Statistics, i;éo9gkurtosis, afe'much.higher
or lower than those fér,é;@auéSian di$tribution°.“Thésef
intervals can be found ianigugeéfjwio;.3,11,'3,21;_3g3&,'”
.‘3045,l3049, and 3Q50’ﬁhi¢h[ﬂévevaipeaked_disﬁribution éhd
" Figures 3°15;:3019,.3;22;'3}23;:énd43537lwhich‘diSplay:a 
-flatterAcharacferistic fhaﬂ;asséciéted'ﬁith a Gaussian
distribution. | |
bThe remaining 32-timé'intérvalé tend even less
toward a Gaussian fype*d_istribgtién° For'examﬁle, Figures
3.6, 3.9, 3.15, 3.38, and 3.48 do not. display any of the
common types of statisficéi-diétriﬁution functions,while
Figures 3.5, 3.12, and'3°53 tend toward one value and
_Figure 304 could be calléd déterministic sincé,itrhas Zero
&ariance for the'preséntAéizéréf tﬁe éampleo
Theféfores,the.study-of Figﬁrés_3.4 through 3.53
indicates,that the‘density-funéfibns in génerallafe not |
Gaussian nor cén we assume that,fhe time domain densities
‘are of any one type. To determine a chfidencé interfai 
for these.distributibns5 Wilksi tblerénce theorem is
employed sinde thé-distriﬁutions can not be cétegorized by
any one tyée, The Wilks tglerance‘thecrem (see Appendix A,

Section A.10) provides that for a sample size of 188 (see



89

>Table A.1) 1t is at 1east 97 per cent sure- that 97 per cent -d
.of the future samples will fall between ‘the establlshed
';upper and 1ower llmlts of each tlme 1nterva1q,

L,2.4 Analy51s of Slope Versus Standard :

Dev1at10n ‘Display : : :

Thls‘dlsplay nrouides‘en‘indicatien ef'slope versus )
standard deviationfcorfelation;; If a trend can be seen,
'assumptions concerning fhe'standard deviation can be'mede
so that future anaiysis.ef_a cerfain type of-WaVeferm:can.
besimplified° In Figufe 30543 thé correlationvbefween
slope and standard deviation does show a linear tnend_afterv'
the slope values .become greater than onej howeven;ifer-
_slope,Values 1ess than one; fhere is ﬁuch less,correlatiOn:
between the tWo'parametersa ‘Since many of_the waueferms-fo
‘be Studieducan not be essumed to eentainAonly.siopes greeter
than one; then in éenerai, the-slopejof the‘waveform should
not be used to'previde,an indieatien‘ef the standard devia-
.tion values.

4.2.5 Analysis of the Cerrelation
Coefficient and t Statistic

The cerrelation coefficient display provides an
indication of the correlation for different values. of
" lag/lead time intervals.’ AAstudy of'Figures 3056~througn

: -
3.60 indicateS‘that-the‘cerrelation function is in general
positive and most .of the Values lle in the range between

.2 and .8. From t statlstlc tables (Malsel 1971, po 76)



a.991per,cen£:confidence interval that the true corfelation L

is hot~zer0'canpbe @ade'for a‘éampie éize'gfeafér than‘lBO‘
iflfhe‘absolute ;aluerf the COmpﬁted'dorreléﬁibnifunétion
.is>greater than'o208;‘ Ther_eféres the ﬁajority bf thertime"
inféf?als caﬁfbe*aséumed to bé correlatea; |
4,2, 6 rAnalys1s .of the Standard Dev1atlon Versus
.the Proximity of the Mean Value to an Amplltude
Grid Reference Line

The ana1y31s of thls dlsplay will: 1ndlcate the
' _éorrelatlon between ‘the placement.qf the-referenee-system
and theAsténdafd.deviationﬂéf the‘obgefvationshl,Ideaily, 
g;thefé should be no correiationvbeﬁwéen,thé réadings.and"
.thé”plécément of the grid but since-it is;éésierjto'jﬁdgé 
thé_value‘of the waveform as it épproachés'a reference iineg
then the standérd deviation>vé1ues'could be influenced'by’
the4grid placement. Therefore, the locéfion,ofbthé grid
céuld bias the data. In generél,,Figure 3561'indicates
that the correlation between the grid placement and the>
standard'deviation_is not great except for the fact that
the standard de%iation is less than‘two asithe-amplitude
 mean;épproaches.a grid line (O falue)‘or half Way‘betwéen

‘grid lines (5 value).

4;2°7A Analysis of the Average Individual Error
Figuré 3.62 indicates that the average errors were

distributedxboth above and below the mean values in.
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generally the same manner. . As shown, the extreme errors

were within t_lo5;df the mean for each‘timérintervélo,

4,3 Frequency Domain Anélvsis

4.3.1 Displaced Time:Origin

During the procéss,of copying éfﬁavefofm phofof
graph onto_the tracing paﬁer, a'grid lihéqwas choéen<to
- represent the time origin (f = 0). Siﬁqe'the.oScillosqopeA
‘sensing makes no provision:té indicafe Visualiy'thé time
dfigin, this point in time is.chosen arbitrérily; “If fhe
'gofrect time 6rigin was hissed'by an amount fd}‘theﬁ-the
resulting Fourier transform F'(w) is gi#en by {Papoulis,

1962, p. 14)

—Jw&o+x)

Fr(w) = [ £(t-t )e %%at = [ £(x)e - ax (k1)
-0 : ‘O ‘ - .
| bw N
= F'(w) = Flw)e ° S o (h.2)

Therefore, the disﬁlaéed time origin produces a phase shift
of the correct Foﬁrigr transform, F(w), andrtﬁe_absolute

value |F'(w)]| equals the absolute value |[F(w)|. Regardless
of the amount of phase shift, the frequency domaiﬁ absolute

values will be the same.

ko302 Analysis of the Transform
. Expected Values : ' T

As shown in Appendix A, Section An12; the transform

of the expected values in the time domain will provide the

et
-
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expected values in the frequency doma1n°1 Thentrenefcrm
expected value display (Flgure 3. 64) 1ndicates the spectral
1evels over the. band of frequen01es.from 05 mhz to 50 mhz
ﬁith a minimnm level threshold of 40db down ‘from. the level
at_OS'mhzo This display‘shodld'be used as 5 reference for .
the'CDF's:and PDF's of che frequencies'selected.in.Figures
3.66 fhrougn 3.75
4.3.3 AnalySis of. the Frequency?Domain_’

Probability Density Functions and .
~Cumu1ative Distribution Functions

A study of Figures 3 66 through 3.75 1ndicates ‘that
‘ds the frequency approacheS»a minimum (loeo 1ess than —40db
reietine)vat approximately_14'mhz;vtne dev1ation ofvthe.”
frequencykdomain tende to get 1argerq‘:Inigeneral, the
standard deviations of fhe transformedwéamples remain in
the range between .1 and 5 db except for those frequencies
in the vicinity of the minimum point. U51ng Wilks' theorem
in the same manner described in Secticn 4e2°3,ithe range of
values in the frequency.domain haﬁeia 97 per:cent‘confidence -

- of remaining withinla 97 per cent tolerance‘intervaln



CHAPTER 5
CONCLUSIONS

_The most important statistic of the time domain -
data fof this study is the>e$pectéduvaiué_for»éééh ti@é 
>interfalo This statistic is tfansformédainté the'frééueﬁcy'
démain to provide-fhe.expected valﬁesvfor thé‘sPectral ;
levels at selected fréquencies; ¢he oniy method of"
obtaining Higher order frequency domaiﬁ statisti057WaS to
transform each time domainvsample into the ffequenéy’ddmaiﬁ
thén'compiling the vafianCe, ékew; and kurtosis'from tﬁe  |
transformed samples.

The range of errors iﬁ the frequency domain remains
less than 1 db except for those regions where the expected
value of fhe energy 1evelé épproaches a minimum pqint
(i.e., less than -40 db relative).

The size of the sample space should be detérmined
within specified confidenge inter&éis with a nonparaméﬁrio

(distribution free) test such as Wilks' theorem.
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. CHAPTER 6

RECOMMENDATIONS FOR FUTURE WORK

Fufure’analySis of this Subject should. investigate

a means of simplifying the analysis of EMP

effects by

>finding an approximation of the actual transform,

Flw) = Iff(t)é_iwtdt.

-0
with a discrete time function such .as,

Flw) ~ zlay e TinTY

then testing thisvapproximatidn to find an

analytic means. .

of finding the frequency domain statistics from [an] without

transforming each time domain sample into the frequency

domain.

To provide a faster more efficient method of

recordlng each 1nd1v1dual's observatlons onto data cards

the IBM 534 mark: sen51ng system is suggested. An~examp1e

scoring sheet is shown in F1gure_6ol whlch

could be

modified to properly punch data cards using the IBM 534

system thereby alleviating the card punch effort.
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DATE.

uast e

DEPT st CHUREE N e

NAME OF TEST

iU

SECT. MO o oo ____"INSTRUCTOR
pam HATRIC NO. wRITE

UNIVERSITY OF ARIZONA

INSTRUCTIONS

I ENTER YOUR MATRICULATION NUMBER

2. MAKE ALL MARKS MEAVY AND DARK.

3 PLACE ALL YARKS BETWECN THC DOTTED
LINES BUT NOT EEYOND THEM.
CYAMPLE: 1 asome 2
. MAKE CLEAN [RASURES AS RECUIRED.

I8N »91033
o

PEOL DAy YEAR

YOUR HUMBER IN THE ROXES
FRCM 1UP TG BOTTOM USING ANY LEADING ZEROS.

THEN MAPK SENSE YOUR NUMBER IN ThE  APPRO-

PRIATE SPACE 7C THE RIGHY OF EACH 22X

S 14 2E5 1 s 166 ?

Figure 6.1. 1IBM 534 Grading Sheet
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APPENDIX A
STATISTICAL THEORY

'The'anaiysis tools reqqired'for4quantizati§n error
analysis are ba%ic statistical'péﬁcepfs found.in‘most _
'introductéry texts on the subjeétn It is assumedrthat
most reéders of this thesis have a basic knowiedgé of
StétiSticss'fherefore'thié appendix is intended tq,refrésh
" these conceptso..

A.1 Expectéd Value (Mk) éf the'seﬁuof
Observations of the Waveform at a Given
Time Interval "k" (Brunk, 1965, p. 136)

;1 N .
M, o=§F = (X(tk’gi) f o (AL1)

A.2 Varijiance (52) of the set of Observations

of the Waveform at a leen Time Interval e
(Brunk, 1965, p-. 139)

Let.
- T 2 B
U =5 T (R(e,5.) - M) (A.2)
i=1 .
then
2 N '
S, = (g U | | (A.3)
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A.3 Standard Deviation (S, ) of ‘the set of

. "Observations of the -Waveform at a‘Givén 
' Time Interval "k" (Brunk, 1965, p. 53)

Sk’z‘Msi -].   »,3-'_T  ' -“ J(A;4)fif

AL Skew (gl k) of the set. of Observatlons

of the Waveform at a Given Tlme Interval

gt (Hays and Winkler, 1971, 162)
N 3
T (x(t, M ) » L o
©di=l1 ' o T
g = = ' - (A5
1,k | N Uk3/2 ,

Note, the skew value for a normal distribution function is
zero (0). Plus valﬁes of skewiindicate that the'distribuf
'tion mass tends (skews) toward'theApositive sidé;of the
-mean value, while miﬁus valuéé indicate that the.ﬁass

tends toward the negative side of the mean.
A.5 Kurtosis (gg'k) of the set of Observations .
9

of the Waveform at a Given Time Interval 'k
(Hays and Winkler, 1971, p. 162)

N N - 4
E. (X(tk,‘gi) — Vlk)

g2,k N U2 (Ao6)
‘ k

Note, the kurtosis Value for a normal distribqtion functibn
_is zero (0). Plus values of kurtosis indicate that'the
distribution-function tends to be narrower (more peaked)

7z
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~than a'normal;distributioné While_negafive-values:indi¢ate;;

a wider (flatteﬁéd)'distribution;:

Ac6"Pearson'Producﬁ—Mbment Correlafidﬁin
Coefficient (rkL) Between Two Sets of .

Observations of the Waveform at. Two leen
‘Time Intervals, k and L (Hays and Winkler,
1971, p. 602) . o SR '

N R I St
lzg(x(t gi) - M T [RCe,8) =M e
T = “ - - . ) Ao7

kL I sksL , ‘ ol WRed e

Note, if the correlatioﬁ céefficiénf is equai.to:;l;ithén 1
the two time interval>observationsfare Said fo»be-pérf:
fectly correlated; if it is “is they are>said.to-bé péf4
fectly negatively‘corfeiéted;’and'if it is 0, they are-
said to be uncorrelated. For values other - than +1 'éi,x"
and 0, a correlation_coefficiént closef’té'+1 of»;i implie$
a stronger reiationship,-énd.a Value closer tO‘zéro'implies
‘a weaker felatiéﬁship° |
A.7 Student T Correlation Hypothe51s Test
(Hays and Winkler, 1971, p- 609)

To test the correlatlon hypothe51s H :vf = 0y
a Gauss1an distribution is assumed so that the T staflstlc'
can be used to test the hyppthesise' The T statistic:test :

is given as:
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Thﬁs.if,the.hypothesis is>£rué5 then this test will give
the'perCentage of-thé'timebthat:the cbrrelation coefficieht'

I

KL is observed to be equal to or greater than its tested

value,

A.,8 Cumulative Dlstrlbutlon Functlon (CDF)
(Papoulls 1965, p. 281)

i : : o
F(x,t) = P{§eS | X(t,8) < x} xe L (aL9)

A9 Probablllty Den51ty Functlon (PDF)
A(Papoulls 1965, p. 281)

f(x,t) ='iiﬁF(x,t): ' _" B ~ (A&.10)
a X . a

A.10 Wilks' Tolerance Theorem
(Freeman, 1963, p. 196)

Let x(1).0.,%x(N) be ordered elements of a sample
from a population of random variables. If for a given &

an.d-B9 N is the integer most nearly satisfying the equation:

NBN—l

- (w-1)pY =1 -a - - (A.11)
" then (x(1),x(N) is the two-sided B per cent statistical
tolerance interval with confidence coefficient . (di.e., it
is o per cent sure that B per cent of the future measure-
ments will fall‘between,the-upper‘ahd lower bounds, see

Table A.1). Note; the Wilks? toleranée theorem is a non-

parametric (distribution free) test which does not require
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Table Ac.1. Sample Size (N) for Wilks " T01Erance»Théorem‘_j ' 

64 71

330

416}-v

. & .

T .90 .91 .92 .93 .94 .95 .96 .97 098‘ ,§9
.90 38 42 48 55 6k 77 96 129 194 388
‘1091 A39A b4 ho »-56' 66"'79“ 100 133 200 401

292 b1 b5 - 51 58 68 '82=_103;:138 207

.93 b2 47 53 61 71 85 107 143 215 432

.9k L 749» 55. ”63- 74 89 f112 149_ 225 457
V°95 4 51 58 66 78 93 117 157 236 473 .

296 ..A49 54 - 6i 70 82 .99 124 166 249 500

.97 . 52 "58_‘ 65 75 88 1105_.132 177 266\ 534

.98 56 63 71 81 95 115 144 193  290 581

.99 e 92 108 130 219 662

Il

Confidence coefficiente.

Tolerance interval.
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estimating paraméter$ (mean and‘Stahdard deviation) from-
the data. Theamore cdmmonrxz<test reqdiresbé:pqpula£ioh
mean and étandard deyiation whichtare'notanownLin this .
case, théreforggthé_WiikS'.tgierance-is:ﬁsédltoTProvide_a_
‘bound on the siieiof_the‘reQui?ed sampievnéeded‘to”give:j

certain confidence limitso.

A.11 Chéuvenet's-Criteripn (Barfdrd, i967;’§§f102)

| A reading may_bé rejected if“thevprobabiliff of
obtaining the particular deviation from the @ean_is-less
than 1/2N (i.e., for N = 100, ény readingrtﬁat’falls out -
side of the range of M i 2.845 may ﬁg-rejected, for N =
1200 ﬁhe‘rangé'is:M'i 30015),"Thi$ s£ady ﬁéeé N-= éod;

A.12 Expected Value of a Fourier Transform.
(Papoulis, 1965, p. 310)

CE{f(t,8)} = [ %f(tgi)di

5ol

Flw,5.) = [ £(t,5)e %% ay
I f%f(t,g)déje“jtht - f e[ [r(t,8)e 3 ae]
- B{F(w,8)} B{F(w,8)} = ] B{£(t,5)}e %%ar

(A.12)
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16

17

DIMENSION AA(50) AB(5o) JA(5o)
CALL READA (M) o
CALL COMPA (AA ,AB)

REWIND 3 - '

" REWIND -1$II=0
- DO 14 TA=1 .M

- READ(1) (JA(I) ,I=1,50)
" IF(EOF,1)88,89"

DO 17 IB 1 50

’IF(JA(IB)-AA(IB))34 3k, 16

IF(JA(IB)-AB(IB))17,3%,34 "
CONTINUE

ITI=IT+1

WRITE(B)(JA(I) I= 1 ;50)

GO TO 14

AN

"PRINT 78, AA(IB) ,AB(IB), JA(IB) 1B, (JA(I) T=1 50)
_ CONTINUE L
CPRINT 76,11

END FILE 3
STOP

"FORMAT (I5)

FORMAT (2F10.3, 2110/2(2515/))   E7

END

Figure B.,1l. Program TIMEA

1033

'PROGRAM TIMEA (INPUT OUTPUT TAPE5 INPUT TAPEl TAPEZ f
“1TAPE3) . : :



95

13

14
b1

20

75

Ly
Lo

PROGRAM TIMEB (INPUT,OUTPUT ,TAPE3,TAPEL TAPE2)
DIMENSION JA(50) JB(5o) cc(zo9) TX(209) CD(209)

REWIND 2 REWIND 4
PRINT 95

FORMAT(1H1//////)

DO 40 KA=1,50
REWIND 3 -
II=0

READ(B)(JA(I) 1= 1 50)
IF(EDF,3)20, 14

II= II+l

cC(II)= FLOAT(JA(KA))
GO TO 13

PRINT75,KA

M=II

FORMAT(IZO)

CALL BASIC(CC,M,AM,AD,AS AK) o

CALL GUAGE(CC, M IX CD)
JS= IFIX(CD(l))
JT=IFIX(CD(M))
READ(2)DM,DD 4
EA=AM-DM$EB=AD-DD

PRINT 4k ,DM ,AM ,EA ,DD ,AD, EB

FORMAT(1M+ 19x 3F8 1 5X 3F8 2)
WRITE(L4)AM,AD. AS LAK JA JT o
CONTINUE

END FILE 4

STOP

END

Figure B.2.  Program TIMEB .
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PROGRAM HILO (INPUT OUTPUT TAPE&) , :f v'V

" DIMENSION K(45, 51)

11

13

12.

-FORMAT(lSX 1HT 51R1 1HI)

DO 11 IA=1,50

READ(4)AM, AD ,AS JAK JS JT : ' T
MA= JS*&/loﬁMB JT*4/10$K(MA) 68B$K(MB) 67B,1.V”
MC=IFIX(. 4*AM)$K(M0) =478

CONTINUE . :

DO 12 IB=1,45

PRINT 13, (K(IB 1c), 1c=1 ,51) .

CONTINUE

STOP
END -

~Figure B.3. Progfam_HILO,



- IF(EOF,3)20, 14

14 IT=IT+1

20 -

11

106

”'PROGRAM CDFPDF . (INPUT OUTPUT. TAPE3 TAPE&)
- DIMENSION JA(50), CC(250) '

REWIND 3$REWIND4

DO 11 IA=1 ,50

II=0 . .
REWIND: 3
READ(3)(JA(I) I=1 50)

cc(II) FLOAT(JA(IA))

GO TO 13
READ(4)AM,AD, AS JAK JS JT

CALL AUDIT (cc 11 AM AD ,IA,JS JT,1 AS JAK)
CONTINUE _
STOP

END

Figure B.4.  Program CDFPDFl
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11

12

15

19

20

17

18-

16

22

PROGRAM SLVSD(INPUT OUTPUT TAPE4) .
DIMENSION SL(50), DD(SO) AM(SO) K(49 51)

- REWIND 4

DO 30 TIA=1 33$Do 30 IB= 1 51 T
K(IA,IB)= 553

K(I, IB)_K(33 IB) 46B$K(IA 1)—K(IA 51) 113 :
CONTINUE ,

DO 11 IA=1,50 : '
READ(&)AM(IA) DD(IA), AS JAK ,JS JT
CONTINUE o

CALL SLOPE(AM,50, SL)

DO 12 IA=2 46

M=IFIX(16.*ABS (SL(TA))+. 499999)+1
L=IFIX(10.*DD(IA)+. 499999)+1 '
K(M,L)= 47B

PRINT 15

FORMAT(lHl//////)

G=2.5 - -

DO 16 IA=1,33

IB=34-IA.

IF(IA-IA/8%8- 1)17 19, 1?

G=G~-.5

PRINT 20, G, (K(IB IC),IC=1 51)
FORMAT ( 25X F3°¢,51R1)

GO TO 16

PRINT 18,(X(IB,IC),IC=1 51)
FORMAT - (2BX 51Rl)

CONTINUE.

PRINT 22, (IX,IX=1 5)

FORMA1(29X ,5(9X J11))

STOP

END

Figure B.5. Program SLVSD
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22
11

5

39

50

4o
b1
bo
31

201
61

 PROGRAM CORRFCN(INPUT OUTPUT . TAPEG ,TAPEL) - .
"DIMENSION CC(6,250), JA(50) DD(6) AA(5 50)7-

DIMENSION EA(5) EB(5) EE(5)

DIMENSION CD(50) AM(50) DY(6)'DM(6) DX(6)f
. REWIND 4

DO 70 IA=1,50

‘READ(&)AM(IA) CD(IA) AS ,AK JS ,JT

N=0

Mo

REWIND 6
READ(6)(cC(1,I), I= 1 188)

DO 11 -IA=2,6

N=M+1 ' '
READ(6)(CC(N 1), I= 1 188)
DD(N) =CD(IA) '

CONTINUE :

DO 61 J8=7,50 - S
IF(J8- J8/6*6 2)34 32, 34
D=0

- N=N+1

DO(N) CD(JB)

READ(6) (CC(N,T),I=1 188)
M=M-M/6%6+1

DZ=DD{(M)

- DO 50 KB=1,5

L=M+KB
L=L~-(L-1)/6%6
DY (KB) =DD(L)
EF(KB)=0.

DO 50 KA=1,188
"EF (KB) EF(KB)+CC(M KA)*CC(L ,KA)
‘DO 31 KB=1,5.

AA(KH,JH) EE(KB)/(FLQAT(II)*DZ*DY(KB))
IF(AA(KB JB)-1.)k1, 41 4o
AA (KB, JB) =1.$G0 TO 31
IF(AA(KB JB)+1.)42, 31 31
AA(KB, JBJ=-1. ,

CONTINUE

PRINT 201, (AA(I, JB) I 1 5)
FORMAT(SFZO 5) A
CONTINUE

CALL USHER(AA)

STOP

END

Figure B.6. Program CORRFCN
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13

1z

PROGRAM PROX (INPUT OUTPUT TAPE&)_;

DIMENSION K(49 51)
REWIND 4

DO 11 IA=1 ,50
-READ(&)AM AD ,AS  AK JS JT , B
MA= IFIX(AM AM/5 5)$MB IFIX(lO *AD).N

K (MA ,MB) =47B
DO 12 IB=1,49 :
PRINT 13, (K(IB Ic), TC= 1 51)

FORMAT (15X, 1HI ,51R1 ., lHI)

CONTINUE

- STOP.

END-

Figure B.7. - Program PROX
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1k
12

'PROGRAM AVERR (INPUT, OUTPUT TAPE3 TAPE&),

DIMENSION AM(50) AD(50)

" REWIND 3$REWIND . 4'

DO 11 IA=1,50

'READ(Q)AM(IA) AD(IA) AS ,AK JS JT

DO 12 IB=1 188 _
READ(B)(J(I) I=1 50)
DO 14 ID=1 50-

Z(IB)= z(IB)+(FL0AT(J(ID)-AM(ID))/50°
CONTINUE : :
CALL ADDER(Z,188 AM AD)

STOP . 3

- END

Figure B.8., Program AVERR
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-AXM(5) ,T(5), $1(50),53(50)

"READ(5)(DX(I),
*READ(S)(LN(I)
"NF=1

NB=3

59
34

COMMON/ 999 /INDCATE TWOPI ,INDT, INDF
. INDCATE=7HFOFTIME
CTWOPI=2,*ACOS(-1.)
INDT=51

"REWIND 5

READ(5)(X(I), =1,51)
I=1,3)
I=1 4)

INDF =NF

~“REWIND L4
DO 59 IA=1 , 50
.READ(&)DATA(IA) AD AS AK ,JS JT
. CONTINUE
DO 34 KL=1,5.

XM(KL)=0. .-

DO 37 KP=1,41

PK=FLOAT(XP-1)/20.+1. -
PA=.5E+05%10.**PK
FR(1)=PA

PROGRAM QERF (INPUT OUTPUT TAPE4 TAPES) L
DIMENSION K(41) LN(lO) FR(5) DATA(51) X(51) DX(lO)

 CALL ORBIT (DATA ,XM,T ,X,LN_ DX NB FR l)

101

37

21

13

14

16
17
18

PRINT 101,T(1)
FORMAT(EZO 10)

"S1(XKP)=T(I) & SB(KP) =PA/1. E+O6
"CONTINUE :
S GO=SI(1)
. G3=G0-60.
DO 21 IC=1,k41
"K(IC)=55B

PRINT 22

DO 11 IA=1 41

Z2=S3( Lo~ IA)

"G=S1(42-IA)

IF(G-G3 )13,14 14
G=G3 o
A=GO-G

"K(1)=K(41)=11B

J=IFIX(A+.499999)+1 -
A=-A

TIF(J-41)16,16,17
K(J)=47B § GO TO 18

J=41-% K(J)=73B

PRINT 15,A,(K(L),L=L,41),%

Figure B.9. Program QERF
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112
K(J)=55B

11 - CONTINUE

' PRINT 41
STOP . '

15 FORMAT(15X,F5.1,41R1 ,F7.2) o :

22 FORMAT(1H1///////20X*O*8X*—10*7X* zo*7x* 30*7x S kLo )/

- 116X*DB - I*4(*cmme—eeeem I*)*  MHZ*)
‘41 FORMAT(17X,4HO.0* A (*—mmmmme T*))
END ' :

'Figure B.9.--Continued
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PROGRAM FREQ(INPUT OUTPUT TAPE5 TAPE3 TAPE&)
INTEGER LN(10) JA(50) IX(209) . ' :
REAL FR (5) VAL(51) DATA(51) ,X(51), DX(lO) XM(S) T(S)
REAL 51(209) 52(209) ,$3(209), 54(209) 55(209) -
_COMMON/ 999 /INDCATE TWOPI INDT ,INDF >
INDCATE=7HFOFTIME
TWOPI=2,*ACOS ( ~1. )
- INDT=51 . & .
REWIND 5 . -
READ(5) (X(I),I=1,51)
READ(5)(DX(I),I=1,3)
READ(5) (LN(I) ,I= 1 4)
NF=1$NB=3
FR(1)=1.3E7
INDF=NF :
REWIND 4
DO 101 IA=1,50
READ(&)DATA(IA) AD ,AS ,AK ,JS ,JT
101 CONTINUE
. .DO 34 KL=1,NF
34 XM(KL)=0,
CALL ORBIT(DATA XM,T,X,LN DX ,NB,FR NF)
.. DO 35 KJ=1 ,NF
35 XM(KJ) T(KJ)
II=0
* REWIND. 3~
13 READ(3)(JA(I), I=1 50)
~ IF(EOF,3)20, 14
14 IT=TT+1 A
DO 15 JB=1,50
15 DATA(JB)=FLOAT(JA(JB))
CALL ORBIT(DATA ,XM,T,X,LN,DX ,NB,FR,NF)

JC=II
$1(JC)=T(1)$52(IC)=T(2)$S3(JC) T(3)$S4(JC) =T (&)
GO TO 13

20 ICA=II
CALL BASIC(S1,ICA AM1,AD1 ASl AKl)
CALL ADDER(S1,II AMl ADl) :
STOP
END

Figure B.10. Program FREQ
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70
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13

75
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~ O

SUBROUTINE ADDER (Z,1,AM AD)
DIMENSION Z(1) IC(SO) AKA(50) ADC(250) Ixxx(zso)

1ADS(250)

CALL GUAGE(Z I, IXXX ADC)

II=0

II~II+1$IF(II—I)70,71,71
IJ=II$GO TO 12

IF(ADC(II)
IJ=II-1

J1l1, 12 ,12

- IF(1J)66,66,67

CALL BASIC(ADC 1J,CM,CD,CS ,CK).

GO TO 68

ES

CM=CD=CD=CK=0.
IF(II-I)69,75,75

KB=0

'DO 13 KA=II, I

KB=KB+1

ADS (KB)=ADC(KA) -
CALL BASIC(ADS,KB,DM DD ,DS ,DK)

GO TO 76

DM=DD=DS=DK=0

ID=1

AGB=2.0$GA=-2, O$AJB—01$AXX-—2 1
‘DO 1 TA=1 41$IC(IA) =0$AXX= AXX+AJB$AKA(IA) =0.
DO 2 IB= ID I :

IF(ADC(IB)
IC(TA)=IC(
CONTINUE

—AXX)3 3, 4
IA)+1

AKA(TIA)=50. *FLOAT(IC(IA))/FLOAT(I)
IF(AXX~AGB)5,7,7
ID= IB%AKA(IA) 5o *FLOAT(IC(IA))/FLOAT(I)

CONTINUE
IG=TA+1

DO 6 IY=IG, A4l
AKA(IY)=0.

IC(IY)=0

CALL FRONT(AKA,

1DD,DS , DK )
RETURN
END

Figure B.11.

IC,AJB,AM AD,CM,CD,CS ,CK,DM,

Subroutine ADDER
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STIBROUTINE AUDIT (ADX IACA AAM sAAD IASQ IAJS IAJT

1TAMA ,AS AK)

'DIMENSION ADC(250) IANC(SO) AKA(BO) | IAXZ(ZSO) ADX(l)
“IACD=1$TAGA= IFIX(AAM 9. 5000001) :

o AXX = FLOAT(IAGA—l)ﬁAGB AXX+21 $CALL GUAGE(ADX IACA

i 0

Ny

-1IAXZ ,ADC)

~IAJS= IFIX(ADc(l))ﬁlAJT IFIX(ADC(IACA))

DO 1 IAAA=1 ,21$TANC(IAAA)= 0$AAX AAX+1. %AKA(IAAA) ~0.,
DO 2 IAAB=IACD JIACA o

-IF- (ADC(IAAB) AXX)3,3,4

. IANC(IAAA)=TANC(IAAA)+1
" CONTINUE -~

AKA (TIAAA) = Sdc*FLOAT(IANC(IAAA))/FLOAT(IACA)
- AF(AXX-AGB)5,7.,7
"TACD=IAAB

AKA (IAAA) = BOo*FLOAT(IANC(IAAA))/FLOAT(IACA)

CONTINUE
CTABA=IAAA+1

‘DO 6 IAYA=IABA,21
CAKA(TIAYA)=0.
TANC(IAYA)=0

CALL FACET(IAGA, IACA  AKA IANC IASQ AAM AAD IAMA AS ,AK)
RETURN .
END

'Figure B.12. Subroutine AUDIT
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f;SUBROUTINE BASIC(BAD IBAN BMN BSD BSK BKT)
. . DIMENSION BAD(1)

" %BMN=BMA =BMB=BMC=0.. . :
“BAN=FLOAT(IBAN) . $ BKA o°

DO 1 IBAA=1,IBAN

‘BMN = BMN+BAD(IBAA)

CONTINUE.
BMN=BMN/(BAN=BKA)

DO ‘2 IBAB=1,IBAN ,

BCA= BAD(IBAB) -BMN $ BCB= BCA*BCA % BCC BCB*BCA ‘$ BCE=

. 1BCC*BCA

‘BAN=BAN-BKA’
“BSD= SQRT(SMA/(BAN—I )) .

vBMA—BMA+BCB_$ BMB BMB+BCC
- BMC=BMC+BCE : .
~CONTINUE - .

IF(BMA)5,5,6

BSD=BSK=BKT=0. $ GO TO 7”

BMA=BMA /BAN "§. BMB= BMB/BAN $- BMC= BMC/BAN
BSK= BMB/(BMA*SORT(BMA)) _
BKT=-3,+BMC/(BMA**2).

RETURN

END

Figure B.13. Subroutine BASIC
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'SUBROUTINE CAPER (BAD IBAN ,BMN BSD)V

DIMENSION BAD(1)
BMN =BMA =BMB=BMC=0 .

.~ 'BAN=FLOAT(IBAN) § BKA=0. -
DO 1 IBAA=1,IBAN. o

BMN = BMN+BAD(IBAA)
CONTINUE

BMN=BMN/( BAN~BKA )

DO 2 IBAB=1,IBAN :
BCA= BAD(IBAB) -BMN § BCB BCA*BCA
BMA =BMA +BCB

CONTINUE

IF(BMA)5,5, 6 :

BSD= BSK—BKT 0. § GO TO 7
BAN=BAN-BKA. :
BSD=SQRT (BMA /(BAN- 1 )
RETURN

END:

Figure B.14, Subroutine CAPER
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SUBROUTINE COMPA(AA AB)

DO 11 IA=1,50

REWIND 1

II=0 - '

READ(1) (JA(I) ,I=1, 50)
IF(EDF,1)20, 12
II= II+1

CA(II) FLOAT(JA(IA))

GO TO 13

CALL CAPER(CA, I ,AM AD)
WRITE(2)AM,AD

IF(AD-1. )22 23, 23

AD=1.

1

AA(TA)=AM-3,03%AD-1 ..

AB(IA)=AM+3.03*AD+1.
END FILE 2

RETURN

END

Figure B.15.

- DIMENSION JA(50), CA(209) AA(50) AB(50)
"REWIND 2.

Subroutine COMPA
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83

,119

SUBROUTINE FACET(IFGA IFTT FKA IFNC IFSQ FAM FAD ,IFMA
1AS ,AK) :

_DIMENSION JFF(51), FKA(SO) IFNC(50) IFJJ(l)
IFRD=0$PRINT 24

“FKB=50.4$IFKB=1 -

DO .2 IFAA=1,21$DO 1 IFAB=1 51

JFF (IFAB) = 55B$IFAZ 22~ IFAAﬁFKB FKB- FKA(IFAZ)ﬁIFKC IFKB
 IFKA=51-IFIX(FKA(IFAZ)+.499999)

- IFKB=51-IFIX(FKB+.499999)

- IFAD=IFGA-IFAA+21$JFF(51) 11B$JFF\1) 1lB$JFF(IFKc) 478 -
- 1$PRINT 4 ,JFF -

DO 5 TFTA=IFKC ,IFKB

" JFF(IFTA)= 47B$JFF(IFKA) 45B$IFQB IFKA+1$IF(IFQB 51)31
139,39

DO 32IFQA= IFQB 50.

JFF(IFQA)=46B

IF(IFNC(IFAZ))6,6,7 E

PRINT 8,JFF IFAD $Go TO 91

PRINT 3, IFNC(IFAZ) JFF ,IFAD

IF(IFAA-2)13,12,11

PRINT 22,IFTT$GO TO 2

PRINT -23,IFSQ$GO TO 2 .

"IFAX= IFAA 17$IF(IFAX)2,2,14

GO T0(15,16,17,2) ,IFAX

PRINT 25, FAM FAD%GO TO 2

"PRINT 26 AS‘AK%GO,TO 2

PRINT 27%@0 TO 2

CONTINUE

PRINT 64

RETURN

FORMAT (22XI3, 51Rl I3)

FORMAT (25X, 51R1)

FORMAT (25X,51R1,I3)

FORMAT (1H+, 45X, *POT =% I&)

FORMAT (1H+, 45X *SEQ=*,Ik) : ' ‘
FORMAT(lHl///////Z&X*l O*7X*, 80*7x* 60*7X* Lo*7X* ,20%
172*%0.0* /25X *1* 10(5H—~——I)) ' : _
FORMAT (1H+,27X ,*M=*F6.2,* S=F6.2)

FORMAT (1H+,25X,*G1=*F6., 2 *G2=F6. 2)

FORMAT (1H+,27X,15H+=PDF %_CDF)

FORMAT(ZBX*I* 10(5H----I)/24x*1 O*7X* 80*7X* 60* 7X*  LO*
L7X* . 20* 7X* %0, o*)

FORMAT (1H@, 100X 14)

END

Figure B.16. Subroutine FACET
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30

40

60

75
80

.85
90

120
SUBROUTINE FOURIER(X Y,LN,DX,NB,U,V,CL,P)
“ DIMENSION x(1).Y(1),LN(1),px(1),u(1) V(1) cL(1) P(l)

~ COMMON/ 999 /INDICATE TWOP T INDT INDF.a

KB=0$KP=INDT

IF (INDICATE.EQ. 7HFOFFREQ) GO TO 25

KB=1$KB=INDF . -

DO 90 K=1,KP :

AC=0.$%BC= OoﬁTK TWOPI*O(K)

‘DO 80 L=1,NB

Al=0.%$B1= o $a2= 0. $B2 0. 4$MO= LN(L)%MN LN(L+1) §Mo2=2%

IMO$MN2=2*MN

M1=MO+2$M2=MN-2$DL= DX(L)%CA COS(TK*X(Ml))ﬁSA SIN(TK*Xj

1(M1))

CB= COS(TK*Zc*DL)$SB SIN(TK*2 DL)%CZ CA$SZ SA
DO 30 M=M1 ,M2,2
Al= A1+Y(2*M 1)*CZ$B1 B1+Y(2*M—KB)*SZ$CA CZ$SA szﬁcz—

‘1CZ=CA*CB-SA*SB

SZ=SA*CH+CASB .
M1=M1-1$CA=COS (TK*X (M1) ) $SA= SIN(TK*x(Ml))ﬁcz CA$XZ=SA

- DO 40 M=M1 ,MN,2

A2= A2+Y(2*M 1)*CZ$B2 B2+Y(2*M~KB)*SZ$CA CZ$SA=57%Cz~

‘1CA*CB-SA*5B

SZ=SA*CB+CA*SB

- EO=TK*X(MO) $EN= YK*X(MN)ﬁczo COS(EO)%CZN COS (EN) $SZ0=
“1SIN(EO)

SZN=STIN(EN) $A1=A1+. 5*(Y(M02 1)*CZO+Y(MN2-1)*CZN)

B1l=Bl+.5*(Y(MO2-KB)*SZ0+Y(MN2-KB) *SZN)

AS=Y(MN2- l)*SZN Y(M02 1)*szo$Bs Y(MNZ—KB)*CZN Y(M02 KB)
1*CzZ0

TH=TK*DL$TH2=TH*TH
IF(ABS(TH) .LT..1) GO.TO 60
STH=SIN(TH) /TH$CTH=COS (TH)
A=(1.+SIH*CTH-2.*STH*STH) /TH$B=2.* (1. +CTH*CTH 2. *STH*
lCTH)/TH2

-4, *(STH- CTH)/TH2$GO TO 75
TH4 =TH2*TH2¢A= *TH2*TH/45 *(1,-TH2/7 . +THL/105.)
B=2./3. +20*TH2*(1 /15.-2.*TH2/105.+TH4L/567.)
Gsh.,/3.+TH2/15.*(-2. +TH2/14 -THL/756.)
AC=AC+DL* (A*AS+B*A1+G*A2)
BC=BC+DL*(~-A*BS+B*B1+G*B2)
IF(INDICATE.EQ.7HFOFTIME) GO TO 85 .
CL(K)=4 ,*AC$P(K)=L.*BC §$V(K)=2.*(AC+BC)$GO" TO 90
V(2*K-1) Acﬁv(z*K) BC
CONTINUE
RETURN -
END

Figure B.1l7. Subroutine FOURIER-
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SUBROUTINE FRONT(FKA ,IFNC FJB AM AD ,CM,CD,CS CK sDM DD,

1DS ,DK)

DIMENSION. JFF(51) FKA(so) IFNc(so)

IERD=0$PRINT 24 .

FKH=50,$IFKB=1

DO 2 IFAA=1,41$DO 1 IFAB=1 51 S

JFF(IFAB)= 558$IFAZ 4o-TFAA$FKB= FKB- FKA(IFAZ)ﬁIFKc IFKB
IFKA=51-IFIX(FKA(IFAZ)+.499999) '
IFKB=51-IFIX(FKB+.499999)

FAD=12.+FLOAT(41-IFAA) /10,

JFF(51)=JFF(1)=11B ,

DO 5 IFTA=IFKC,IFKB

JFF(IFTA)= 47B$JFF(IFKA) 45B$IFOB IFKAT1$IF(IFQB) 51)31

139,39

DO 32 IFQA=IFQB,50
JFF(IFQA)=46B .
IF(IFNC(IFAZ))6, 6, ;7

PRINT 8,JFF, FAD ﬁao TO 91
PRINT 3,IFNc(IFAz),JFF, FAD
IF(IFAA-3)92,92,11 :
GO TOo(2,13, 12) IFAA

PRINT 22 DM DD$GO TO 2

vFORMAT(lH+ 41X ,3HM+=,F5,2 ,5H S+_ F5 2)
PRINT 23, DS DKﬁGo TO 2

FORMAT (1H+ , 40X, 4HG1+=,F5.2 5H GOtz .F5, 2)
IFAX=IFAA- 36$IF(IFAX)2 2 14 :

- GO T0(15,2,16,17,2), IFAX
"PRINT 25, JAD$GO TO 2
_FORMAT(1H+41X *STD DEV=*F5.2) -

PRINT 26,CM CDﬁeo TO 2 :
FORMAT(1H+ h1X ,3HM-=_F5.2,5H s—_ ,F5.2)
PRINT 27, cs cxﬁeo TO 2. :

FORMAT(1H+ 40X 4HGL -= F5 2,5H Gz——~F5 2)
CONTINUE

PRINT 64

RETURN :

FORMAT (22X ,13,51R1,F&.1)

- FORMAT (25X ,51R1)

FORMAT (25X ,51R1 ,F4.1)

: FORMAT(lHl///////Z&X*l O*7X* 80*7X* 60*7X*, 40*7X* zo*7xA

1*0.0* /25X*I* 10(5H~~-~~1I))
FORMAT(ZSX*I* lO(5H~———I)/24X*1 0*7X*, 80*7X* 60*7X* . 40

1*¥7X* ,20*7X*0. o*)

END

Figure B.18. Subroutine FRONT
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.SUBROUTINE GUAGE (GSS,IGCA IGTT GTT)

DIMENSION GSS(IGCA), IGTT(IGCA) GTT(IGCA)
DO 3 IGAA=1,IGCA

GTT(IGAA)=1.E20

DO 4 IGAB=1,IGCA

IF(GSS(IGAA) GTT(IGAB))5 5 4

CONTINUE

IGAC=IGAA-IGAB+1

IF(IGAA-IGCA)8,7.7

IGAE=2 $ GO TO 9
IGAE=1 $ GO TO 9

DO 6. IGAD=IGAE IGAC

IGTT (IGAA- IGAD+2) IGTT(IGAA IGAD+1)
GTT(IGAA-IGAD+2)= GTT(IGAA IGAD+1)
IGTT(IGAB) =IGAA _
GTT(IGAB)=GSS(IGAA)

RETURN

END

Figure B.19.. Subroutine GUAGE
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“DIMENSION‘F(l) X(l) E(1) ,L(1),D(1 ),T(iy;Y(l)gB(ioQ);

1P(100)

- _DIMENSION FR(2)
" COMPLEX AL(51), v(1oo) VV(1)

12

COMMON/ 999 /INDCATE TWOPT, ,INDT ,INDF

~-DO 11 IA=1,35"
11

AL(IA) =D(IA)

DO 12 IA=37,50"

AL(TA)=D(IA) . o
SAL(36)=.4*%D(37)+. 6*D(36)$AL(51) =06,

~~CALL FOURIER(X AL ,L B JN;FL VB P)

ANDE=1

. “FR(1)=5.E5 ' o
-~ CALL ‘FOURIER(X ,AL,L,E N ,FR, VV, B P)»'

N

© H= CABS(Vv(l))ﬁw H*l E 03

DO 6 I=1,K

©LG= CABS(V(I))

IF(H-G*1., E+3)7 7,8

G=W
T(I)=20.*ALOG1LO(G)=Y(I) .
CONTINUE

. RETURN

~ END

Figure B.20. Subroutine ORBIT
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SUBROUTINE USHER (AA)
DIMENSION AA(1,1) K(Ql 45)
DO 33 JJ=1,5

DO 11 IA=1 41$Do 11 IB= 1. 45
K(IA,IB)= 55B

DO 12 IA=1,45

K(25, IA)_K(17 IA)= 243

K(1, IA) =K (41, IA) 463
'K(zl IA) = 46B,

DO 14 J= 7,50

M=IFIX(20.,*AA(JJ, J)+ 499999)+21,

K(M,J-6)=478B
PRINT 15
FORMAT(lHl//////)
G=1.2

DO 16 IA=1,k41

"IB=42-IA

IF(IA-TIA/L*k- 1)17 19,17
G=G-.2

PRINT 20,6, (K(IB IC) ,IC=1,44)
FORMAT(ZSX TPk L1 1HI 44R1 lHI)
GO TO 16 :

. PRINT 18,(K(IB,IC),IC=1 44)
'FORMAT(29X 1HI 44R1 lHI)

CONTINUE
DO 21 IA=7,50%$K(1, IA) =TA- IA/lO*lO

" K(2,IA)= IA/lO

PRINT 22,(K(2,I1) ,II=1 44)
PRINT 22 (K(l II) T11=1 44)
FORMAT(29X 5011)

CONTINUE

" RETURN

END

Figure Bo21q ‘Subroutine USHER
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