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Preface

This thesis is part of a continuing study of the

problem of computer analysis of alpha particle spectra .

The performance of the program under ideal conditions was

studied using Gaussian curves. Po210 was used to prepare

sources of different thicknesses to obtain a library of

curves. These were then used to analyze samples of americium

and plutonium. Using a reference peak with a full width at

half maximum that matched the sample gave the most accurate

analysis.

Several people contributed to the success of this

thesis. Dr. George John and Dr. Richard Hagee, my thesis

advisors, provided ideas, resources, and encouragement aU.

sumner. Harold Kirby and Roland Armani contributed their

ideas and experience in the preparation of sources.

Dr. Dave Hardin and Captain Bruce Stinson were both helpful

in my programming efforts. To them in particular , and to

all of the AFIT physics laboratory and metal shop personnel

as well , I extend my sincere thanks.

Finally, I would like to thank Mrs. Donna Hadley, whose

typing contributed significantly to the successful completion

of this thesis.
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Abstract 
I 

-

-: Sources of Po21° of varying thicknesses were prepared

by an evaporative precipitation method. Sources of Am24’

and Pu24° were analyzed with the spectra of these sources

as reference peak functions using a modification of an

existing computer code. The results showed a reduction of

the residual from using a reference peak with a full width

at half maximum close to that of the analyzed source. The

performance of the computer code was also studied using - 
-randomized Gaussian peaks.
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COMPUTER CODE TO ANALYZE ALPHA

SPECTRA USING A SPECTRAL

STRIPPING APPROACH

• I. Introduction

This report is part of a continuing study of alpha

spectra obtained from solid state detectors. Ii~. general

purpose of this study is to learn how to use these spectra

to obtain a more accurate analysis of small quantities of

alpha-emitting nuclides. The specific purpose of this

thesis was to take a computer program which analyzes alpha

spectra using a spectral stripping approach and modify it to

compensate for the differences in the shape of spectra

obtained from different sources.

Basic Problem

Solid state alpha spectroscopy is a technique widely

used to analyze microscopic quantities of unknown substances

to determine the amounts in the sample of various heavy

nuclides such as plutonium. However, the accuracy of this

analysis is limited by several problems inherent in alpha

decay and its detection. The spectrum from particles of a

single energy is spread over the range of energies from the

• initial energy of decay practically down to zero. Thi s can

be seen clearly in Figure 1, which is a full-range spectrum

= - • - ~~~~~~~~~~~~~~
-
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• 

~~~~~~~~~~~~~~~~~
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from a source of Radium DEF (P0210). In addition, most

alpha emitters can decay to more than one energy state in

the daughter nucleus yielding alpha particles of different

discrete energies in the process. The spectra from the

different energies are then overlapped, as seen in Figure 2,

which represents part of a spectrum from Americium 241.

Finally, the shape of the curves from the individual alpha

energy peaks and of the resulting combined spectra varies

from sample to sample because of differences in the self-

absorption. This is shown in Figures 3 and 4 , which are

overlapping normalized spectra from different samples of
• Po21° (Fi gure 3)  and Pu24° (Figure 4).

If a sample is to be analyzed accurately, the counts of

a given energy must be separated into the individual com-

ponents from the particles of different original energies.

This requires a reference curve of the correct shape for

the particular sample to be analyzed. The components of

the entire energy range for each energy alpha particle are

then summed. Finally, the contributions from all the alpha

particles for each nuclide are summed to give the total

number of decays for that particular nuclide.

Backgroui~

This study was specifically designed to be a continu-

ation of work done by R. J. Hartley (Ref 5). He had prepared

Program ALPHAFIT with the help of Dr. Philip Poirer from

r Program ALJTOFIT which was written by J. R. Comfort of

3

—
- -~— - - 

- -
• 

~~~~~~~~~ -.~~- L~~ - 
- 

—~ &



—-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _

0
0

•10 Li
U,

0

-J
Li

C-,

0) >
C~J I.J

0)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

i~
.

oo’d~’£ ot * 9N~flO3 
—

4 

- 

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

~~~~~~~~~~~~~~~~~~~ i



L* . — 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Till ~~

I

~~~~~.z ——
Li

— t&J (Li
00

C.)
o HH
c.J

0
0

I— I I 0
;e’so i 8L 111 ~B 88 99 S9 $~~~?.B D0.0

• p OT~ S.LNflOJ

— 

~~

-— 

H



-~ •~ --~ ——,.—- —•--- ---~~-----  •
- 

~~~~~~~~~ • :ii~~~~~~

o
. .

0 U L
.t0 IaJ I~J— L O U)

00
A 0 0

00

I 00

-i -i—
z zz z

F-
0 ULJ

•
0

I J U
1~~ (0 ( 0

0 0
0

—— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r-~~

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

• 88 99 9S’PI oo f4
IOta GINflOD

6 

________ • • 
- - - _______________



— -~~~~~~~~~- -_  

- 

- - - - - - ‘ ‘ ~~n-~~~~ ’wr r,~~’-, - -

Argonne National Laboratory. MJTOFIT had been written to

analyze gamma ray spectra and Hartley modified it to analyze

alpha particle spectra. He then studied its behavior using

computer generated Gaussian peaks and noted an anomaly in

the computed error, which increased, dropped , and then

increased again as the two peaks in the spectrum to be

analyzed were set progressively closer together. He also

used it to analyze samples of Am24’ and Pu24° using the

spectrum from P021° as a reference curve shape. However ,

the results obtained showed large fluctuations in both the

computed errors and the computed peak heights when either

the sample of the same analyzed nuclide or the sample used

as a reference was changed . These fluctuations were

believed to be related to the variations in the source

thicknesses.

Problem Statement

The problem is to develop a computer program that will

take a spectrum from a multichannel analyzer, separate it

into its separate components , and compute the quantities

of the various nuclides present.

Plan of Attack

The basic approach selected was to modify Program

ALPHAFIT to use a library of curves with shapes represen-

tative of a range of source thicknesses, The program would

then choose the curve with characteristics matching those

of the source to be analyzed and use that curve as a

7
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reference to analyze the spectrum of the unknown sample.

A set of reference samples were to be prepared using either

Radium DEF or just Polonium210 and reference spectra

obtained from these samples. Also, the anomaly in the

computed errors waa to be studied and the program modified

if necessary to correct the problem.

Summary of Work Done

The program was first modified to read data directly

from magnetic tape or permanent disc storage. In order to

reduce the core memory required and shorten the turnaround -~ 
-
~

time, the program was changed from analyzing 20 peaks of

2048 channels each to analyzing 5 peaks of 512 channels.

Subroutines to generate Gaussian peaks were then written and

the program ’ s behavior studied.

At the same time, a series of samples of Ra DEE’ was

prepared with varying quantities of lead nitrate added to

give samples of the same activity but varying thickness. An

evaporative/precipi tation technique developed by H. W. Kirby

of the Mound Facility in Miaaisburg, (~iio, was used to

prepare these samples. An electroplati ng te3bnique was also

tried but sufficient time was not available to perfect it.

The spectra from these samples were then recorded on magnetic

tape and used to analyze spectra from existing samples of
• 

AI*241 and Pu240, However, the range of thicknesses was only

appropriate for one of the plutonium samples. This sample

was analyzed using the reduced version of the program and

8
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analyzed again after the program was converted back to

analyzing 2048 channels for up to 10 peaks. The results of

these analyses confirmed the value of the library of

curves approach.

• Overview of Thesis

In this thesis, the theory pertinent to the analysis

of alpha spectra is first discussed. Then, the equipment

and procedures used are descri bed • The results of the

experiments are presented and analyzed. The changes to the

program are explained, The results of the computer analyses

are presented and discussed. Finally, the conclusions

drawn from this study are set forth along with recommendations

for future work.
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II. Theory

The analysts of the amount of different nuclides by use

of alpha spectrometry requires an understanding of the

nature of the alpha spectra emitted by different nuclides,

the processes which perturb the energy of the alpha particles

emitted , and the response of the detector to the alpha

particles. These are discussed in this chapter.

Alpha Decay

Alpha decay occurs as a transition from the nucleus of

one of the heavy isotopes to a lower energy state in

another isotope by the expulsion of a helium nucleus. Each

parent nuclide emits alpha particles of certain specific

energies, as listed in Table I. The exact energy released

is determined chiefly by the quantum state of the resulting

daughter nucleus. Once emitted, the alpha particle may lose

varying amounts of energy by a number of processes up to and

tr~ luding detection.

If the emitting source material is extremely thin, some

alpha particles may leave the source without losing any

energy in collisions. However, if the source is even a few

atoms thick, most alpha particles will lose some energy in

ionizing collisions with the atomic electrons of the source

material . The energy lost increases with the path length

through the material which is the thickness of the material

10
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Table l

Characteristics of Some Radioactive Isotopes
(Data f rom Lederer (Ref 10))

Isotope Type Half-Life Energy Percent
Decay (MeV ) of Decays

• Pb210(RaD) 20.4 years 0.061 (max) 100

Bt210(RaE ) 5.013 day s 1.160 (max) 100

Po2~°(RaF) a 138.40 days 5.305 100

~~ 241 a 458 years 5.486 86

5.443 12.7

5.389 1.3

Pu24° a 6580 years 5.168 76

5.123 24

~~239 a 2.44

x io~ years 5.157 73,3

5.145 151

5.107 11.5

11
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divided by the sine of the angle between the path and the

plane of the source surf ace. This energy loss is termed

self-absorption.

A few alpha particles will initially be emitted away

f rom the detector but will collide with a nucleus in the

source itself or the source backing material . After a

large change in direction and a large loss of energy in the

collision, some of these particles will reach the detector

and deposit their remaining energy. This is termed back-

scatter.

Any material such as air between the source and the

detector will absorb energy from the alpha particles, so

alpha spectrometry should be conducted in an evacuated

chamber,

When they reach the detector , the alpha particles may

have to pass through a dead layer at the surface of the

detector in which the electrons freed by collisions do not

get collected to contri bute to the pulse of current from

the detector. A8 in self-absorption , the energy lost is

dependent on the thickness of the dead layer and the angle

of the particle ’s path through it.

Finally, the alpha particle reaches the active region

of the detector , where it will lose its energy in collisions

with electrons , These electrons produce a pulse of current

which is amplified, shaped , and counted in a multi-channel
— analyzer.

12
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Alpha Particle Interaction

The interaction of alpha particles with matter is

strongly influenced by two characteristics of the alpha

particles its enormous mass relative to an electron mass

(Ha ~ 7000 me) and its double positive charge. The mass

causes the alpha particle to travel in a virtually straight

line except for Rutherford scattering wi th another nucleus.

It al so gives alpha particles a relatively low velocity for

their high energy ; for example , an alpha particle of energy

• 5 MeV has a speed only 37. that of light. An electron of

the same energy would travel at 99% the speed of light.

Thus an alpha particle has thirty (or more) times as long

as an electron for its double charge to interact with an

electron from each atom it passes. Alpha particles are

easily stopped by only a thin layer of matter and may lose

considerable energy before they even leave their source

material .

The stopping power or specific energy loss dE/dX is

given approximately by the following equation from Evans

(Ref 40 s637)a

~~ ~ [Ln 
2m0V2 

- £n( ~ ~~ 2) - ~ 2] (1)

with

e — electronic charge

— electron rest mass
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E — kinetic energy of the primary (alpha ) particle

ze — charge of the primary particle

V — velocity of the primary particle

Avogadro ’ 8 number

— density of the material in grams per unit rolume

GAW = the gram atomic weight of the element

Z — atomic number of the absorber

B — V/C, where C = velocity of light in a vacuum

I = geometric-mean ionization and excitation potential
for the absorbing atoms. This cannot be calculated
accurately and is usually considered to be constant
for each element. It must be determined expert -
mentally for each element.

It is frequently more convenient to determine the loss

per differential mass/area thickness traveled through. This

is done by dividing both sides by p. the density. For a

substance with several different elements such as lead

nitrate, Pb(N03)2, it is necessary to compute the energy loss

for each element separately and then add the individual

losses.

Alpha Particle Detection

This study deal s with the detection of alpha particles

by solid state surface barrier detectors. When an alpha

particle enters the active region of the detector , the

electrols with which it interacts and the holes left behind

them move under the influence of the applied bias voltage.

This gives a transient current which can be converted into a

H 14
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voltage pulse and counted by the associated electronic

equipment. The height of this pulse can be expressed by the

following equation&

ph — [(Edep/W) x e x y]/C = 
~~~~ 

= q/C (2)

where

Edep = energy deposited by the alpha particle

w — average energy required for the production of
an electron-hole pair (eV/e-h pair)

e — electron charge (coulombs)

— charge collection efficiency. This is essen-
tiafly .1 in detectors made of high quality
single crystals.

N Edep/W = number of electron-hole pairs

produced

q = Ney = total charge collected (couloinbs)

C — capacitance of the detector (farads)

ph — pulse height in volts at the detector

These pulses are then amplified and shaped by the

preamplifier, linear amplifier and biased amplifier and

transmitted to a multichannel analyzer which counts the

number of pulses with height between h and Ii + ~h during

the acquisition time. These are collected in a number of

bins to form a pulse-height distribution.

Because of the statistical nature of the energy loss

process, the pulses will be distributed over a range of

channels or energies even if the alpha particles have

15
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precisely the same energy when incident on the detector

face. This statistical spreading is not caused by a distri-

button of either the original alpha energy or the energy

deposited in the detector. It is caused by statistical

variations in the number of electron-hole pairs created by

each alpha particle as it deposits its energy in the

detector. Additional spread in the pulse height distribution

is caused by a spread in the energy of the alpha particles

caused by self-absorption in the source material, the dead

layer at the surface of the detector, and variations in

the angle at which the alpha particle passes through the

dead layer and the source. Further , though minor, contri-

buttons to the total arise from large angle scatters from

the backplate of the source and the surroundings. These

combine to give the tailing effect on the low energy side

of the peak.

Electronic noise in the electronics also gives a

slight increase in the spread hut this will be the same for

both the reference source and the unknown when they are

analyzed with the same detector system.

-

, Relation of Counts to Activt~y
-

• 
Each unknown spectrum is analyzed to determine the

number of peaks and the area of each peak. Thi s area is

the number of counts per channel summed over all of the

channels. This is related to the source activity by the

16
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following formulas

Nt/t c A X G X f ss X f w X E X f t X f a (3)

where

Nt — total number of counts = the combined areas
for all the peaks of each isotope

— the counting time

A — the source activity

G — solid angle subtended by the active layer of
the detector relative to the source

f55 
— surrounding scatter factor (negligible for

a particles)

— window factor , that is, absorption losses
(generally = 1 for zero losses)

E — intrinsic efficiency of the detector in counts/
alpha (generally 1)

— dead time correction (generally 1 for zero
¶ dead time)

— number of alphas per nuclear transformation

Need for Computer Peak Analysis

In alpha spectrometry, the energies and relative num-

- 
- bers of alpha particles emitted by each nuclide are assumed

to be known from other studies, the results of which are

compiled and tabulated in works such as Lederer (Ref 7).

These works provide an outer bound on the set of possible

nuclides, which can frequently be further restricted by

other information about the unknown source. If only one

17
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nuclide is present , then all of the nonbackground counts are

from that nuclide and computer analysis is unnecessary. It

is only in those cases where the relative numbers of

nuclides are unknown, while the possible nuclides and

energies and proportions of alphas emitted by each of those

nuclides are known , that computer peak analysis is both

necessary and feasible.

Computer Peak Analysis

Each spectrum is represented by an array [At] which is

the sum of a set of N components Z~ (x~ ), one for each of the

N peaks. Each element in A is the sum of the corresponding

elements of each component

N
k~~~~E a Z~(x )  (4)

n—i n n

where Z~(x~) represents the counts in channel i from a

source component that has its peak located at x~. The

locations, x~ , and relative strengths, ~~ are varied until

a satisfactory fit of the test array [A] to the data

array [Y].

Mathematically, this is accomplished by forming a

chi-squared function 
-

N
F — E (Yi - ki)L/(LYj )L (5)

i—i

which is summed over the region being analyzed. The

weighting function LiY~ is 4T0 + Y,~~ where is the

18
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ordinate of the i~h data point, that is, the counts in

channel i. The inclusion of 10 slightly increases the

weighting of the peak region relative to the tail and back-

ground and avoids division by zero.

Since Poi sson statistics adequately descri be the

statistical fluctuations of the number of counts in each

channel, the weighting function (L1Y~ ) 2 is approximately

equal to the variance. Thus, the chi-squared function

S 
represents the ratio of the observed spread in the analyzed

data to the expected spread or variance.

The x~’s are determined by computing the f unction for

locations to either side of x~ and shifting the x~ ’s in

the direction that reduces F. When a local minimum is

found or when directed by the input data , that particular

is fixed.

The an ’s are then determined f rom direct solution of

Eq (4) by matrix inversion techniques.

19
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III. Experimental Equipment and Procedures

Introduction

This section covers the techniques and equipment used

for alpha spectroscopy and the preparation and assay of the

reference sources of Radium DEF.

Alpha Spectroscopy Equi pment

The equipment used in these experiments consists of a

vacuum chamber, surface barrier detector , power supplies

and amplifiers, and multi-channel analyzers .

Vacuum Chamber. The vacuum chamber was a steel

cylinder, 10 cm in diameter and 15 cm in height (See

Figure 5). The cylinder is open at the top ana is mounted

around an 0-ring clamp to the top plate. There are four

openings through the top plate. Two of these lead to gas

valves. One valve is connected to the vacuum pump, while

the other can be opened to the room air. The third is the

mount and connection for the detector. A BNC connector

above the plate is electrically connected through the plate

~ I to a threaded mount or microdot connector into which the

detector is screwed. A BNC “L” connector leads directly

from this to the preamplifier which is supported by a clamp

and stand . The fourth opening is an 0-ring fitting for a

thin rod which is attached to a 3 cm x 3 cm horizontal plate

-~~~~ 20
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To preamp
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To vacuum ~~~~~~~~ ~ To room air
pump 

/

/~~~~~ II__ _
LI

~~~~~~~~~~~MicrodotI connection
Wall of _______ to s~~chamber

I I
I — — — — — — —

Fig. 5. Raised and Parallel Views of Vacuum Chamber for
S Alpha Spectroscopy (Not to Scale)
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to hold samples. The distance from source to detector is

varied by sliding this rod up or down.

Detector. An ORTEC 100 mm2 surface barrier detector

(SN 8-907A ) with a microdot mount was used. This detector

takes a maximum bias of 50.0 volts. A gross bia8 of

50 volts was applied for a net bias of 30-35 volts.

Amplifiers. The output from the surface barrier

detector was fed, in turn, to an ORTEC Model 109-A preampli-

fter, a Tennelec Model TC2O3BLR linear amplifier, and an

ORTEC Model 408 biased amplifier.

Multi-channel Analyzers. Two multi-channel analyzers

were used to convert the output pulses into a count spectrum.

An ND100 was used to obtain 512 channel spectra for prelim-

inary observations. An ND2200 4096 channel analyzer was

used to obtain 2048 channel spectra and record the results

on magnetic tape. The tape was then taken to the central

computer facility and stored there for use in computer

analysis.

— 
Assay Equipment

All of the radioactive samples prepared were assayed

in an NMC 21T geometry gas flow proportional counter . The

associated electronic equipment included a Hewlett-Packard

5554A preamplifier, art NIM Standard high voltage power

22 
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supply, a Tennelec TC2O3BLR linear amplifier, a Tennelec

TC444 single channel analyzer, and a Canberra 1772 -

counter/timer.

Assay Procedure

The sample to be assayed was inserted into the flow

counter, the counter sealed, arid the air flushed out by the

flowing gas. Each sample was then counted at least five

times for one minute at each of two voltages, 1000V to

count just alpha particles and 1600 or 1800\i to count both

alpha and beta particles.

Preparation of Sources

Kirby Method. Most of the sources prepared for this

study were prepared by a method developed by H. W. Kirby of

the Mound Facility in Miainisburg, Ohio (Ref 4s134-135). The

backing plate is rinsed for a few minutes in alcoholic KOH ,

then rinsed with water and dried. The area for the sample

is masked with a circular rod while the plate is sprayed

with Krylon. The plate is then warmed and dried under a

heat lamp for a few minutes. The uncoated area is covered

with iN HNO3 and allowed to stand for two minutes. The

plate is then removed , rinsed thoroughly with distilled

water, and dried again under the heat lamp.

The radioactive solution to be deposited is dropped on

the uncoated area from a microsyringe and allowed to evap-

orate to dryness. This is then covered with two drops of

0.1 N HNO3 and heated for two minutes without evaporating.

— —~~~~~~~~~~ 
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One drop of 3N NH,40H is then added and the solution is

evaporated to dryness. Two or three more drops of NH4OH

are added and again evaporated to dryness. The NH4OH is

then driven off by further heating on a hot plate until the 
S

visible fumes are observed.

The major change f rom Kirby ’s procedure was to use a

heat lamp for the initial drying operations. This was done

because the available hot plates were not able to maintain

a steady temperature in the 90-100’C region. However, eight

of the first  nine samples were prepared using hot plates.

Armant Electroplating Method. One sample was prepared

using the “high voltage” electroplating procedure suggested

by Roland Armant of Argorne r ational Laboratory (Ref 1).

One hundred microliters of the t~ew England riuclear Radium

DEF solution lot #72-187, about 0.1 microcurie, were added

to 10 milliliters of 2-propanol in a 14 millimeter inner

diameter glass tube, which was clamped with rubber washers

at either end to a plate cleane4 as for the Kirby method.

Platinum gauze was not available, so a roughly

octagonal plate of platinum about six millimeters in diameter

was used for the anode. The anode was immersed just bel ow

the surface of the plating solution, which was then plated

for two hours at 600 volts and 1.1 microamps current.

Onl y about 307. of the Radium DEF was plated out and the

resolution was no better than that of the evaporated samples.

It was decided not to attempt to perfect this method and the

remaining samples were all made by the Kirby method .

24
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IV. Experimental Results

Introduction

This chapter covers the Ra DEF samples prepared as

ref~erence sources , the results of the assay to determine

their activity, the spectra obtained from those sources,

and the relative sharpness of the peaks obtained from

those sources.

Sources Prepared

Twenty-one sources were prepared, assayed, and counted

with the surface barrier detector. Sources 1 and 2 were

prepared to test the Kirby method. Source 3 was prepared

by electroplating. It gave the broadest peak of any of the

sources and only 207. of the Ra DEF in the plating solution

was plated onto the pI.anchet, so the remaining sources were

prepared by the Kirby method. Two sets of Ra DEF samples

were then prepared with varying amounts of Pb(N03) 2 added to

increase self-absorption.

Samples 4-9 were the first set of samples of varying

thickness. The activities of these samples agreed within

±10~. However, as can be seen in Table II, the spread in

the resulting spectra did not correspond to the quantity of

added lead nitrate. Samples 7-9 were dried too long on the

hot plate and this apparently caused considerable oxidation

from the nitrate to the oxide. The spectra from samples 7-9

25
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Table II

Compari son of Full Width at Half Maximum in
2048 Channel Biased Spectra From 100 nunZ
Surface Barrier Detector with Quantity

Added Pb(N03)2 in the Sample

Sample Added Pb(N03)2 Key FWHM KeV ~~HM a Act (Ox)
x .525i~g + 37. Unoxidized Oxidized a Act(Unox)

10 0 39.3 34.7 .90

11 0 30.2 29.2 .60

12 1 29.0 35.3 .89

13 2 37.1 34.3 .87

14 3 32.8 34.9 .92

15 4 35.4 35.9 .98

16 5 32.9 32.8 .87

H
19 0 31.9

20 5 34.2

21 5 37.1

26
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had the sharpest peaks of all, but they had double peaks

due to ringing in the line from the amplifier to the 
—

multi-channel analyzer (This was corrected by inserting a

terminator.) and were not used for computer analysis.

Samples 10-21 were the second set prepared with varying

quantities of added lead nitrate. These were prepared

simultaneously and dried under a heat lamp instead of on a

hot plate. The lead nitrate was added in solutions of

varying concentration so that the same volume of water was

evaporated from each of the samples. Samples 1-17 were

prepared on stainless steel planchets, while 18-21 were

prepared on small squares of platinum. Sources 10-16 were

later heated over a Fisher burner to oxidize the deposit

from the nitrate to the oxide. These sources were used for

the computer analyses.

Assay Results

All activities are calculated based on the NIC Radium

DEF sample #A110, with one microcurie equal to 2.22 x io6

counts per minute. Sample kilO was measured at 514 disinte-

grations per second on 28 September 1961. The activity on

24 August 1978 is computed from the exponential decay law.

-(.693)(t-t0)A(t ) A ( t ) x e0 ti,2

t — 20.4 x 365 1/4 days

t-t0 330 + 16 x 365 1/4 days

27
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~~t0) 514 dps ± 57.

A(t) = 289 dps ± 57.

The remaining activities are calculated from the

formula,

Acttvit (Sam le) = 
Counts/mm (Sample) x Activity (Standard)p Counts/mm (Standard)

As seen in Tables III and IV, which give the averages

of five one-minute counts plus or minus the standard

deviation of those counts , the unoxidized samples agreed

fairly well in activity from sample to sample. As seen in

Table IV, the standard deviations of the averages of

activities for samples on the same backing ( stainless steel

or platinum) were only 1-27.. However, the combined a + ~
activity divided by three for the three nuclides in the

decay chain was always several percent higher than the a

only activity.

The results of the assay of samples 10-16 after oxidizing

are listed in Table V. The combined a + ~ activity remained

consistent from sample to sample. However, the fluctuation

in a only counts increased to a standard deviation of 157.

as varying amounts of polonium were driven off.

Spectral Results

The widths of the spectra from all the samples are

compiled in Table II. There was no correlation between the

amount of added lead nitrate in a sample and the full width 
S

at half maximum of the peak from that sample. Most of these

28
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Table III

Results of Assay of Samples 1-9 in 2r~ Geometry
Gas Flow Proportional Counter at

b O D y (a) and 1600V (a + ~)

Sample a Counts/60 sec a + ~ cts/60 sec Activity ~iC~

a (a+~)/3

1 78,490 ± 170 295,300 ± 2100 .0721 .0846

2 77,800 ± 230 336 ,920 ± 640 .0715 .0966

3 21,730 ± 170 112,990 ± 290 .0200 .0324

4 122,640 ± 390 470 ,150 ± 780 .113 .135

5 122,570 ± 460 466,580 ± 510 .113 .134

6 120,520 ± 3Q0 474,200 ± 1300 .111 .136

7 102,030 ± 250 455,450 ± 470 .0938 .131

8 123 ,960 ± 220 483,180 ± 480 .114 .138

9 99,500 ± 300 402,830 ± 680 .0914 .115

£110 8,512 ± 92 27,291 ± 165 .00782 .00782

±.00039

NOTEi Samples 1-9 were prepared on stainless stell
planchets. Sample 3 was prepared by electroplating.
Sample kilO was used as a calibration standard.

1
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Table IV

Results of Assay of Samples 10-21 in 2~i GeometryGas Flow Proportional Counter at
I000V (a) and 1800V (a +- 

~)

Sample a Counts a + $ Counts a Act (a+~)/3 Act
per 60 seconds per 60 seconds ~~~

10 109,780 ± 180 363,120 ± 560 .101 .104

11 107,470 ± 230 359,490 ± 800 .0988 .103

12 109,310 ± 2Q0 373,910 ± 660 .100 .107

13 111,740 ± 170 377 ,640 ± 560 .103 .108

14 108,740 ± 310 371,480 ± 520 .0999 .106

15 110,770 ± 320 369,880 ± 670 .102 .106

16 108,450 ± 280 352,250 ± 850 .0997 .101

17 110,860 ± 140 363,600 ± 6300 .102 .104

18(pl) 116,210 ± 150 393,780 ± 380 .107 .113

19(p2) 113,410 ± 450 390,340 ± 490 .104 .112

2O(p3) 115,090 ± 320 403,070 ± 470 .106 .116

21(p4) 113,730 ± 240 398,810 ± 650 .105 .114

Average —

10-17 .1008 .1049
±.0014 ±.0023

Average
18-21 .1055 .1138

±.0013 ±.0017

NOTE s Samples 10-17 were prepared on 1.25-inch diameter
stainless stael planchets, while 18-2 1 were prepared
on 14 mm square platinum planchets, which were then

- - placed on stainless steel planchets for counting.
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Table V

Results of Assay of Samples 10-16 in 2i~ Geometry
Gas Flow Proportional Counter at

1000V (a) and l800V (a + ~)

Sample a Counts a + ~ Counts Activity , Activity,
per 60 seconds per ‘60 -3econds a (a+~ )/3pci I~LCi

10 99,080 ± 460 381,680 ± 120 .0911 .109

11 64 ,860 ± 220 342,390 ± 180 .0596 .0981

12 97,070 ± 240 367 ,080 ± 540 .0892 .105

13 97,3Q0 ± 310 381,660 ± 610 .0894 .109

14 99,860 ± 2Q0 361,360 ± 510 .0918 .104

5 15 108,980 ± 310 371,930 ± 790 .100 .107

16 94,260 ± 590 368,150 ± 480 .0866 .106
S Average .087 + .1054 +

.013 
— 

.0037 
—

NOTE s These samples were gently heated over a Fisher
burner to convert the deposit from the nitrate
to the oxide.
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peaks were 10-15 KeV wider than the 21 Key wide peaks from

the Am241 and Pu24° #2 samples, which a~re plotted in

Figures 6 and 7 • However, there was a good selection of

widths in the region of Pu24° #1. Its full width at half

maximum was about 32 Key, but could not be determined

precisely because the notch between the twc main peaks did

not come down to one-half the maximum (See Figure 7).
- Because of this good match, Pu24° #1 was selected as the

“unknown” to be analyzed by the computer program using as

reference peaks the spectra from the oxidized sources 10-16, 5

which are plotted in Figures 8-15.
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Y. Program Modifications

Introduction 
S

The starting point for these programs was Program

ALPHAFIT, which was produced by Lieutenant Richard S. Hartley

with the help of Phil Poirier from Program AUTOFIT written by

J. R. Comfort (Ref 5). Two specific modifications were

originally planned , to convert the program to read the

spectral data directly from magnetic tape or disc storage,

and to use a library of curves to choose the curve which

will give the best analysis and use it to analyze the unknown

S spectrum. In addition, subroutines were written to create

Gaussian spectra modified by a Poisson distribution for

counts in each channel and these spectra were used in place

of detector spectra to study the program ’ s performance.

Conversion to Tape

It was desired to convert the program to read the

spectral data directly from the magnetic tape on which they

were written by the multi-channel analyzer. Two programs,

SCRIPT and SPECTRA were written by H. Careway (Ref 3) to use

the FORTRAN BUFFER IN and DECODE statements to read these

j data into an array. SCRIPT then prints out the numbers,

S while SPECTRA produces a CALCOMP plot. The READ section of

these programs was extracted and modified into subroutine

RDSPEC . RDSPEC was then called directly from the main

43
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program to read the reference spectra and from subroutine

SPCTRM to read the unknown spectrum .

Reading the data in this manner is not without diff I~-

culty. First, the spectra to be read must be placed in

order on file TAPE1 by using the SKIFF and COPYCF control

S 
card statements. Then, the statement FILE , lAPE l , FO SQ , -~

BT~~~. RT=S , BFS=1000 • is used to tell the computer thi s is

a stranger tape (RT=S ) and the buffer size (BFS ’~lOOO ) .  Thi s

must be followed by a LOAD-SET statement such as LDSET .

S FILES=TAPE1, PRESET ZERO.

Second, perhaps because of a stray bit or an unclean

tape, a datum would be rejected by the computer dumping the

program immediately. RDSPEC was modified with the statement,

ERRSET (KOUNTS , 100), so that the program would not dum p for

just one such datum . The numbers read in this way were

always satisfactory, but occasionally the bottom section of

a spectrum would be rejected by the computer.

Reorganization

Program ALPHAFIT analyzed spectra of 2048 channels for

up to 20 separate peaks. Thi s is necessary for analyzing

a spectrum with several isotopes over a wide range of

energies but requires an enormous (over 250K) quantity of •1
core storage. This requirement impedes studying the

behavior of the program, making changes, and troubleshooting, 
S

so the program was reduced to analyzing 512 channels out of

the 2048 containing up to five peaks. This reduced the

H
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core requirements to 120-124K, which allowed several runs

each evening. However, this reorganization imposed certain

limits. With the biased amplifier spreading the spectrum

out to 0.48 or 0.60 KeV per channel, a range of only

250.300 KeV could be studied. This was adequate for

but insufficienc for the Pu24° spectra taken, so only the

two largest peaks in Pu24° were analyzed. More than five

S peaks would have to be analyzed in most unknown spectra.

The second change was to have the program read and

store five reference spectra to analyze each unknown

spectrum . This was done simply by copying each spectrum 
S

S into the array REFSTO (520 , 5) before using the reference to

analyze the unknown.

Artificial Spectra

In order to study the performance of the program ’s

analyzing routines, it was desired to generate spectra of

arbitrary characteristics to simulate alpha spectra . Sub-

routine CONJ UR was writ ten to use several routines written

by Bevington (Ref 2) to generate Gaussian peaks of speci-

f ied height, standard deviation and position, add them to

create a spectrum, then randomly modify the counts in each

channel according to an approximate Poisson distribution.

S CONJUR and the associated subroutines were then substituted

for subroutine RDSPEC . The resulting program was called

ALFAIC.
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- VI. Program Computation Results S

Lntroduction

The program ’s analyzing performance was extensively

tested under idealized conditions by using generated

Gaussian type spectra. Samples of americium and plutonium

were analyzed by the 512 channel version using the best of

the samples prepared (after oxidizing). One of the pluto-

nium samples was also analyzed using the 2048 channel

version of the program. These analyses showed that a
S 

difference of only one channel between the widths of the

reference and unknown peaks caused significant reduction in

the accuracy of the analysis.

Conjured Spectra

The program was used to analyze spectra composed of

two Gaussian peaks with a standard deviation (a) of 20

channel s. The separation between these peaks was varied

from one quarter to two and a half times the standard

deviation (5-50 channels) to investigate the anomaly

reported by Hartley (Ref 5:22). The width of the reference 
S

S 

- 
peak was varied from 15 to 25 channels to observe this

S effect.

Separation Effect. The program was tested with peaks

of 5.10 and 1110 relative heights (Tables VI and VII). None

46
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Table Vt

Errors Versus Separation Distance for Gaussian
Peaks 1/2 = 5*10, a = 20, Peak 1 in

Channel 250, True Area ~ 572000

Center Area(true)-Area(comp) RI~S Estimated Ratio
Peak 2 Area(true) Error Z Error Peak 2

Peak 1, Peak 2 Peak 1

255 .064 .035 805 865 .238

260 .065 .038 525 543 1.933

265 .065 .037 355 390 2.358

270 .062 .051 313 357 2.233

275 .0604 .046 254 301 2.120

280 .0581 .035 196 236 1.986

290 .0538 .033 164 209 2.007

300 .0480 .035 152.5 202.4 2.0008
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Table VII S

Errors Versus Separation Distance for Gaussian
Peaks 1/2 = 1*10 , o = 20, Peak 1 in

S Channel 250, True Area ~ 417000

4 Center Area(true)-Area(comp) RMS Estimated Ratio
Peak 2 Area(true) Error % Error Peak 2

Peak 1, Peak 2 Peak 1
255 .084 .043 285 222 .0047

260 .079 .079 348 218 .012

265 .087 .129 173 460 81

270 .078 .045 169 236 10.7

275 .075 .044 134 211 10.3

280 .072 .043 107 191 10.2

300 .083 .043 78 195 10.04

350 .049 .042 52 161 10.06

t
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of these peaks were sufficiently separated to show a drop

in counts between the two peaks (Figures 16-17). (Compare

with the americium and plutonium spectra in Figures 6

and 8.)

The absolute difference between the computed and true

areas rises gradually as the two peaks approach. When the

peaks are separated by less than one standard deviation, the

Root Mean Square difference between the computed approxi-

mation and the analyzed spectrtm~ declines as the smaller

peak vanishes into the larger , while the computed error in

each peak is generally larger and the computed ratio of the 
S

two peaks fluctuates wildly.

These results show the program is unable to resolve

two peaks accurately when they are so close as to appear to

be one (See Figure 18). Nevertheless, both the difference

between the absolute areas of the unknown and resolved

spectra , the absolute residual, and the Root Mean Square of

the difference at each point, the average residual, renatn

less than 0.1,1.. The two peaks have merged and are indistin-

gutebable. The only indication that the spectrum is

composed of more than one peak is the 1-107. difference

between the left and right half widths at half maximum.

Reference Width Effec t. The analysis of peaks of fixed

width with references of various widths show (See Tables VIII

and IX and Figures 19-20) that matching the spread of the S

reference to that of the unknown can reduce the residual s

49
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S Table VIII
S 

Analysis of (a 20) Gaussian Peaks with Reference
S Peaks of Varying cr. Ratio of Peak

Heights = 10*1 Separation = 50(2.5 a)

Reference True Area RNS Resolved Ratio
a -Resolved Area Error of Two Peaks

15 2092 10299 7.1

16 1175 7857 7.6

18 134 3570 8.6

19 296 1374 7.9

19.5 4.2 703 8.8

20 ,0 237 171 10.05

20.5 353 761 11.1

21.0 436 1492 12.3

22 564 2954 13.5

24 731 5363 18.3

25 703 11297 -66
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Table IX

Analysis of (a = 20) Gaussian Peaks with Reference
Peaks of Varying a. Ratio of Peak
Heights = 10*5 Separation = 50(2.5 a)

Reference True Area RMS Resolved Ratio
a -Resolved Area Error of Two Peaks

15 4392 13127 1.72

16 2527 10130 1.77

18 623 4724 1.88

19 6.4 1926 1.939

19.5 168.6 964.8 1.9699

20.0 272.8 198.4 2.0008

20.5 394.6 927.8 2.046

21.0 500.2 1728.3 2.11

22 678 4154 2.23

24 952 7856 2.56

25 1072 9580 2.76

_  
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by two or three orders of magnitude under ideal conditions.

A difference of only 0.5 in the standard deviation produces

a clear increase in the RMS error .

Real Spectra

512 Channel Analyses. The first group of analyses were

conducted on a 512 channel segment out of the full 2048

channel. spectrum. Five spectra were used to analyze two

samples , Am 241 and Pu24° #1. The spectra from the oxidized

Ra DEF samples 10, 11, 12, 13, and 16 were selected because

they had the sharpest peaks. Although these peaks could not

be placed in sequence showing a continuous regular change

in the curve shape , they could be placed tn order of their

ful l, width at half maximum. As shown in Table X and

Figures 21 and 22, the RMS error corresponded directly to

the f i t  between the FWHM ’s of the unknown and the reference

used for analysis. It first dropped and then rose as the

FWHM increased for the plutonium sample and rose steadIly

for the americium sample. 
S

Other measurements of the accuracy of the fit were not

as well correlated to the FWHM. The difference in areas

when analyzing Pu24° #1 showed the same trend as the RMS

error except for sample #10, but there was no agreement

when analyzing americium. The computed ratio of the two

main peaks in Pu24° was too low except for sample 16.

2048 Channel Analyses. The analyses on the ful l 2048

channel spectrum of Pu24° showed good correlation between

56
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Table X

Analysis of Plutonium and Americium with Polonium
Spectra of Varying ~elf -Absorption. All
Spectra from 100 mm~ ORTEC Surface Barrier

Detector at 30-35 V Net Bias

Unknown = Pu 24° i~1 FWHM = abo~it 32

Reference Spectrum FW~HN ~ Area RMS Computed
from Sample # (Key) Error Error Ratio

(counts) (counts)

11 29.2 9318 11244 2.79

16 32. 8 7833 10618 3.06

13 34.3 7206 6943 2 .42

10 34.7 23038 5942 2.67

12 35.3 7773 9616 2.71

Unknown = ~~24 1 F~HM = 21. ~
Reference Spectrum FWHM ~ Area RMS
from Sample # (Key) Error Error

(counts) (counts)

• 11 29.2 29140 18325

16 32.8 24330 20954

13 34.3 15630 21835

10 34.7 9642 21709

12 35.3 19826 23368

- 

NOTE : Only 512 channels of these spectra containing the
two or three chief peaks were analyzed . The ratio
for plutonium is for the 5.168 and 5.123 meV peaks.
The true ratio is 3.167.

57

. —~~~ ‘ — .  
. 

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



- 

- -

~~~~~~~~~

S 
S -

2.5 S S  S S S

2.0 - - ‘ S .  -~~ -

~

S I

~ 1.5 ~~Area -

S ~~~~ -
S S / -

1 0 5 5 5 S S
H

~~~~~~~~ 
1 

- ,  
29 30 31 32 33 34 35 36

FWHM (KeV) of Reference Spectrum
Fig. 21. Analysis of Pu24° #J, with Various Ra DEF Samples.
All Spectra From ORTEC 100 mm h SBD at 30-35 V Net Bias.

1-5 0  - -  -
~~~~~~~~~~~~~~~~~~ -~~~

- -5.- _ _ _

I S  
~~~~~~ . -4.0 H - - --

S 
S \ ~

/ S

3.0 - —i--RMS — 5-- —- 5~~~~ S~ l
~

2.0 p tHL~1.0 

~ 29 30 31
FWHM(KeV ) of Reference Spectiuxu

Fig. 22. Analysis of Am24’ with Various Ra DEF Samples.
All. Spectra From ORTEC 100 mm2 SBD at 30-35 V Net Bias.

-

~ 

~ -~~~
-
~— S~~~~~~~~~~~~~_~~~~~~~~

_ _ 5 -~~_~~~~~~~~~~
_

••
~~~~~~~~~~~~~ 

-5-.~~~~~—~~ -- S—- 5 —
~~~ _ S~~~~~~~~~~ S~~~~~~~~~~~~~~~~~~~~~~~~~~



— 

——S. 55

~~~~

5 
~~~~~ __5~5~ _~ 55~_ 

~~~~~~~~~~~~~ __ _  _~~~~~~__5 — —‘5- 1”

r 
- - - -~~ ___ IS ___

all three measures of the fit and the match of the FWHN ’s

except for reference sampl e #15 (See Table XI and 
S

Figure 23). This had the largest FWHM hut gave the second

best fit. The resolved composite areas were 507. to 150%

too large and the composite now gave too large a percentage

of the Counts to the largest peak. These results confirm

that matching the reference curve shape to the spectrum being

analyzed gives a more accurate analysis.

The results of these analyses show the potential of the

library of curves approach to produce a more accurate

analysis of alpha spectra. However, the program remains

unstable and capable of producing bizarre results even under

I good condi tions. The peak locating routines will sometimes

shift the locations of two clearly separated peaks to only a

S few channels apart and at other times will shift one or

- 
. more peaks completely out of the spectrum. The routines

I which compute the relative multipliers for each peak (See

I 
Eq (4)) will at times return a negative value for one of

the peaks. These probl ems need to be solved in future work
- with this program before it can be considered completely

reliable. Even then, the program ’s performance will be

limited by the reference spectra available.
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Table XI

Results of 2048 Channel Analyses of Pu24° #1

Pu24° FWHM 103.58 Channels

Reference FWHM ~ Area RMS Peak
Sampl e Channels/Key Counts/7. Counts/7. Ratio

ilOx 50.68/29.2 1624448/142 75965/6.6 16 ,4

160x 57.07/32. 8 10336 75/90 53577/4.7 7.3

130x 59.59/34.3 551953/48 37264/3.25 4.42

lOOx 58.05/34.7 902232/79 46422/4 .05 5.8

120x 60.59/35.3 1203889/105 63790/5.6 17.4

- 
140x 60.63/35.3 1375767/120 63419/5.5 12.4

H 150x 62.47/36.4 831737/73 43413/3.8 4.98

NOTE: The peak ratio is for the 5.168 and 5.123 meV peaks.
The true ratio is 3. 167 .

-- 
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VII . Conclusions and Recommendations

Conclusions

The analyses with generated spectra clearly show that,

at least under ideal conditions, matching the F~HM of the

S reference peak to the FWHM of the spectrum to be analyzed

gives a better analysis. Differences of only one channel

in these FW}IM’s were shown to increase the RMS error by a

factor of 3 to 5. Thi s strongly support s the need for a

library of reference curves to use in analyzing various

alpha spectra.

The analyses with real spectra also support these con-

clusions. The reduced range (512 channel) analyses of

americium and plutonium both show a reduction in tk~ RMS

error as the FWHM of the reference peak is made closer to

the F1~Th1 of the spectrum analyzed. The full range ( 2048

channel) analyses of plutonium confirm this reduction of

the RNS error and , in addition , show a corresponding

reduction in the absolute residual area and more accurate

resolution of the relative areas in the two chief peaks.

These analyses show that the use of a library of

reference spectra can give a several percent reduction in

error provided that reference spectra with the correct

characteristics are available. The chief need at this time
S 

ie for a consistent set of smoothly varying spectra,
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S including a range of FWHM ’s as low as 20 KeV or better.

Recommendations

Samples. The main need is for better reference samples.
210Po is clearly the isotope to use. It may be possible to

S 

prepare adequate Ra DEF samples , but these will have to be 
S

the oxide or perhaps bare metal . The nitrate samples have

too much self-absorption, even with no added lead. An

electroplating technique will probably be required to

produce samples with low enough self-absorption .

There are two further studies that could be made with

the samples prepared for this thesis. New spectra should

be obtained from samples 7-9. If the peaks from these have

FWHM’S as narrow as indicated in Table II, they should be

used to analyze samples with correspondingly low self-

absorption such as the americium24’ sample used in this

study. Additional spectra from the later set (10-21) should

also be taken in another year or two to check for changes in

the curve shapes due to a more even distribution in the

polonium210 as a result of radioactive decay.

gra~m. There are also improvements that can be made

in the program. A big problem is how to store and access

a large library of 2048 channel reference spectra. These

will probably have to be stored on magnetic tape, so some

means of conveniently reading a particular record is

needed.
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The operation of the main program could be considerably

streamlined by eliminating some of the unused options. The
S 

following sequence should be adequate. First, controlling

-, data are read. Second, the spectrum to be analyzed and a

background spectrum are read. The FWBM is computed for the

largest peak in the unknown spectrum and a reference

spectrum is selected and read. The program then passes these
S 

three arrays to the analysis routines and conducts the

analysis. The automatic and interpolated background options

and the computer-derived peak shape options could then be

eliminated.

It would also be useful to modify the analyzing routines

so that the spectrum for each peak extends all. the way to

zero, perhaps using a computed average of the lower channels

to fill the gap from the bottom channel down to zero.

Finally, the analysis routines should be carefully studied

to verify their correct operation and make useful modifi-

cations such as rejecting negative peaks and limiting the

shifting of the specified peaks to a fixed range about the

specified location. These routines are the subroutines

PREPAR and DAVIDN and all the subroutines called by these

two.
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Appendix A

Utility Programs

Introduction

Several programs besides ALPHFT (al pha fit) were used 
S

S during the work on this thesis. It was decided to read the

multi-channel analyzer generated data from magnetic tape

(or cape-derived permanent disc ) storage . Captain Harold

A. Careway (Ref 3) had written two programs, SCRIPT and

SPECTRA , to perform this operation using the FORTRAN BUFFER

IN and DECODE statements.

Program SCRIPT

Program SCRIPT was designed to read in a series of L 
S

consecutive spectra, then print out the first IC channels of 
S

each spectrum. In the form developed by Careway, both

SCRIPT and SPECTRA were quite sensitive to some phenomenon

which caused the code for a number to be interpreted as the

code for C, @, “, or some other character, This would

cause the computer to dump the program without reading,

writing, or plotting any more spectra . At the suggestion of

Captain Stinson, these programs were modified using the

CALL ERRSET statement to allow the computer to accept a few

such events before dumping the program. This allowed sub-

sequent spectra to be read and written or plotted on the

66

— — — 
~~~~•~~~~~ S 5 _ 5~~ - 

S 
~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - -I•,~ 

- 

-



___ - I ~1T

same computer run. By printing out only the first few lines

from a spectrum, program SCRIPT could easily be used to

- investigate which spectra contain bad data. However, when

the full spectrum was printed out after such an occurrence,

no bad data were observed .

Program SPECTRE

Program SPECTRA , the plotting routine, was extensively

modified so that it could be used to plot the graphs for

this thesis. It was then renamed SPECTRE . In the original

form, it generated only a large graph of variable dimensions

similar t3 the type 2 plot in SPECTRE but with no title. The

program always plotted channels 70 to IC, an input variable.

The spectra to be plotted had to be placed in order on the

file TAPE1 by correct use of the SKIFF, COPYCF, and REWIND

control cards. Provision was made to edit erroneous data

prior to plotting.

Modifications

the program was first modified using CALL ERRSET as was

SCRIPT. It was then modified using additional CALL PLOT

statements and a CALL SYMBOL statement to generate a smaller

plot enclosed in a box with boundaries marked for cutting

with a title at the bottom of the page (after cutting). The

titles were initialized in the array ITITLE by a series of

DATA statements and the correct title was determined from

- the tagword of the data to be plotted. Finally, the program S

was heavily modified to allow the user to read the 4XN array
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NTAG , whicn specified the spectruin/tagword to be plotted, a

choice of the old and new formats, and the first and last

channels to be plotted. It is still desirable to register

the first spectrum to be plotted by using the SKIFF control

card in order to reduce Input/Output time, but this is not

necessary. The tagwords to be plotted may be read in any

order but will be plotted in ascending order.

68

S 

-



- —~ —-S----—S--S- -

Appendix B

Program SCRIPT
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Appendix C

User Instructions for SCRIPT

Program SCRIPT is simple to use. The spectra to be

read are placed on file TAPE1. The FILE and LDSET statements

tell the computer the buffer size for the file and load it to

be read. Two data cards are required in 15 format. The

first should contain L, the number of spectra to be read and

printed. The second should give IC, the number of channels
- 
S

~ to be printed out for each spectrum starting with channel 0.

A typical control card sequence would be the following .

FTh.

ATTACH, TAPE1, XFILE , MR= 1.

S FILE , TAPE 1, FO—SQ , BT=C , RT=S , BFS=1000 .

LDSET , FILE S =TAPE 1, PRESET=ZERO .

LGO.
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Program SPECTRE
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S b . - -* ~~ *s~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c - -~ J r S~~, ’l S~~~~T- tS ~~ ELA ~~0~ -.T~~i 
VEr~~IJ %4 OF P~ 0GPAM SP E CTR A ,

• 
W 1-’ ICk W. ~~ ~~i ’/ I f l T i  ~‘Y flR • GE1~~~ J Q H ~J .

C I~ ALL’J~ S 1’-~ ~L)TT~~N~ O~ TW~ JI~~F E D E ~~r P~
O .S II~TE~ C~4AN GEA ~~LY

S C ONE 13 ~~ S~~~Lt ~~~O~~~~ 2E ~~~S~~~~) ~
_ Ot IN 4~~~T ~~~~~~~ FOR IAT .  S

T~~ F L~~HE~ 13 1- LA ~~~E~’ V~~~S t D ~~, ~~~~~ ~~~Y ~ E MD~~E SU I T A B L E  S

C FOP f lj -~~~’ T ~O !~” A R I~ O NS . S

C
flI~~~SIO~ Y ’ ! 1) ,Y (~~1.f0) ,’(2~~~),44( 1’~0)CI~~E~~S1O~ IIIrLE (b ,1)o)
tI~~E~ S IG;. NT A 3 ( . , ,? 3 )  , X A  ( 2 ) , Y~A ( 2 )

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~ * f 4 S S ~~~

flA 1~ iTITLE (1,~~~~/’- 1-4~~~G • QA )~~F 17 (J~~O~ TDI7E 0) 0.6 ~(EVIC H~~1
S 

CNEL I LC)~ S EC . /
0A1~ ITITLZ (1,M3 )/~~’P-~~iG • RA )EF 4 1” (J NCX I D I7 ED)  0.6 K E V / C H A M

- S CN EL L 3 ~~ 3~~ EEC . /
O A 1 ,  I T I r L F ( 1 , ) / b P 4 F~~~f • ~‘A )E~ U 1~ (JNflXTDIZED ) 0.6 ‘<EV/CH ~ N

C N E L  i C C J~ SEC. /
r a T A  I7 7LE (t ,~~~)/F~0Hr G • ~A )E~ f~ 1~ (J NOX TOI ZED )  0.6 ~EV /C H~~P4

S CNEL 1 C C - J r SEC. / S

~A 1~ ~~~~~~~~~~~~~~~~~~~~~ • RA )!~ a i~ ( .J NO X !DIZE0) 0.6 K E V / C H A N  S

C~”EL ~ 1~L) r  ~FC. /
r-~~j A  IT IrLE( 1 ,~, 7 ) / 3 f l 4 FT G  . ~ A )~~ 4 H (J i~OX t0 I7E0)  0.6 KEV/ C ~4 A N

S C~~EL 1CC ~~ SEC. /
OAT;. ITI iLE (i , )/i]’-’F G • RA DE~ 20 ( J ~4 ox r r j I z E o )  0.6 ~E V / C M A N

C~~EL 1 0 Ü S ~~ S E .  /
0 A 1~ IT !~~L~~(i ,~+ 3 ) / & 1 H F T G  . ~ A )E~ 4 20 (J N0X1DI ZE ~D) 0.6 K EV /C H~M

C P ~EL 1U0tJ t~ S~ C. /

OA T A I~~LE( 1,~- 1)/ 61 ’ 1F T G • r~P )E~ 4 21 (JN OXID IZED )  0.6 K E V / C HA N
CNEL ‘ U O J ü  SEC. /

C A T A  IT ITLE( 1,~, 1) / b J H ~~~G • R.~ 
)F 4 21 ( J P 4 C X T O I Z E D )  0.6 KEV/ C ’ IAN

CNEL L O C ) C  SF 0. ~
~4 T ~ jTI TLF (1,~~~)/LS~)”4F G • AM 2~ 1 O~ 1E~ 1/?1/6~ 0.6 ~(EV/ CH~ N

C N E L  1C~~0 C SEC . /
D A T A  IT ITLE( 1, r3 ) ,~~~H~~~G • AM 2~ 1 0~ t E ~ 1/ 21/63 0.6 K E V/ C M~~NC~’~EL i.t ) UG (~ SEC . F

S C A l L  1TI~~LE~~1,~~..)/C,)I~F?G • ~ M 2~ 1 O k T F ~ I/ 2 1/ f ~ 0.1~ K E V/ C H A N  S
S C NEL 1 6 C~3c. SEC. /
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D A I A  I1ITLF(1, r~~),~~1~~c”~G • RA )E~ 4 15 (JNOX OIZEO) UNBIASED SJ~
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!D A ( t .  I 1ITLE ( 1 ,~~3 ) / ~.J~4F T G • RA DF 4 15 ( J N O X I O T Z E O )  0.6 ‘(EV/C~~~N S
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C. /
C)A~~L I11TLE (1,Y3 )/bi~4FTG • BAC< ;~~)uNo ~D J N T  (~~I A S E D )  kO ~ 00 S E C

S 
C. F

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

C T H~ FILSI S~~T C T ~~I1 T ~E P t O T T ~~D MU~~ RE RE I S T E F E ~ BY T~~E USE OF T HE
C SK IPF CO~~T~~O . ~‘A ’ ,~

)
C ‘:TAG (t,~~) t5 THE TAGW O r~i TO ~ E P SO TTE D
C N T A G ( L ~, N )  £5 THE L A S T  ~~ 4~~EL TO RE PLOTTED
C NlA~~C3,~~) IS T hE  ~I~.ST C S ~~~~4 E L  7 )  P E  ~L TTE D
C NT .~G ( 2 ,~~

) ii TUE TYPE OF ~L i T ~ 1 S1~A LL FO R PUBLICATION
C 2 L A RGE
C

PE,~D ,~’ A ( 1 ) , Y~~(1) ,V~~(2 ) ,X A ( 2 )
C ~~~~~~ 1UE TAGWI ~~iS ~

() B E ~L O T T ~~D A ’ 1 D  OT-4E? PATA (NTAG )
C ‘u~ E ~ E 4 D

J u
S J~~J+i S

S P EAD ’  , (NTf4G (I,J),iH~1,’-) . S

IF (~~~~C- (1.J). T.~~) ~ J T O 5
J~ J—1
PRTNT~ ,~ TAGWDPJ1S , (UTAG(1,JJ), JJ:l,J), TO BE PLOTTED
CALL AP.~YOD~~(NT

.t.5,J)

00 9CC I~~f,N
YAX I5 XA (NTAG (2,I) )
V AX IE~~’~~(NTAG (2,1 ) )
A f l L E  X~~X IS 4 ~ .C
K=NT~~G (~+,I)—N T~~G (3,T) +1

C BEGIN W O~~~ING ON ~PE TPA
11 N N 1

V K=1
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 4 -~~~~~~~g~~~~~~

C PEAD IN ThE V VECTOR
( .0 BUFFE~ I~~( 1 ,0 ) ( ~~W ( 1 ) ,M~’ ( i . 60) )

~K~~J t  IT( 1)

~~~~ Ec ET ( ’ < ) t J ’~lt ,111)
5C ~~~~~~~~~~~~~~~~~~~~~~~~~
~0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P-P1
~~~~

’,~~ T A G ~~~u~~~ :S ~ 
p 

~~~~~~ ‘E~ J
IF(i  —NT~SC ’(1,T)’~ 1t, 7 C ,~~0 3

70 r o~;l~~N I J :  S

S IF(K (U:.T .G’ .O) GD ‘)  1°0
71 CO NT: t a u E

~ O 1~~C ~~~~~~~~

l~~0 r N N ~~ 41
I~~(KV .NE.3)5O TO (.0

H 
C
C SE T (Il’ T’•~F: X V ECTO R

Y (1) = ~LO -~T N T A L~,T))
~O ii iI~~2,K

10 X (1I )=X (II—I )~~1. ’
X ( K 4 1 )  =
X (K + 2 )  = ~L O A T  (1< ) /~~~X T ~
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C 
S

C F~’~~J~ E D I T  3 EE D~~3 ( ~~~L~~ ~C P T ~~T
• 

IF  IE E~
)t

~~L’~ ‘~~~O T H~~4 TH E~~E A P E  E~~’D~~ I N  T~~! V VECTO R FROM SCRIPT
S C IS TH~ ~:5J~1~~~~ )~ ~~~~~~ IN THE VE TD~ V 

S

FEAr , 1C)~ , I E , ’4~F( IE.E’) .U~ cO TO 30~
~~~~~~~~~~~~~~~~~~~~~~~~
C SET ~S P P  PLt~T T E R

C ALL PLOT(e.0 ,— 1 .~ ,—
_

~~~)

TF(~flAG(2 ,fl.GT .i) ;o TO 20
CA LL PLDT (j.0, 7.C , ~~
CALL PLOT (1.C,C. i ,2I
CA LL PLQT ( .C,~~.~~,3~
L AL L  PLOT (~~.~’,9.,2)

S 
CALL PL (12.J,~~.C,~~)
CALL  ~LOT (i2.),~~.O,~’~
CA LL C~ O~~

(..),j,l.C,3)
CA LL ~ LOi (~~.0,1. r ,~ ?)
CA LL PLOT (242-3 ,2 .O,3)
C A L L ~LJT (2.2 ,c.3, fl
CALL PLOT (11.0,3.3 ,’)
C E LL ~LflT (11.], ?.0,’)
C~~LL PLOT (2.2,,2.C,~~)
CALL PLJT (2.7 ,2.3,—~~

)
(
~O TI 21

100  ~RIhT4 ,~ BAD 1AT~ REA D , TAG W IIRO ~
CO TC 71

20 CALL PLOT (1.C,2.E, —~~)
21 COhT TNUE

C
C Sr~~LE V VECTUR
201’ DC 2 1C J — 1 , K

21’) V U)  =
T : 9 = Y c  1)
00 2 2 L  J 1 ,’~
IF (Y (J) •GT .T )T=Y (J)
IF (YIJ) .LT .-~)R=V(J )

22 0 C O N T i N I J E

Y (K + Z )  , ( T Q)  /YAX 1S
C
C °LOT PES’ LTS
r

CALL A XIS (0.u,0.1 :, 7IC HA 1EL , 7,~~A~~t~~, 0.0,Y (K#1) ,X (K+2))

1 CALL AX (0.~~,~~.(,~~~C1’JTS, 6, Y A~~tS, C , O ,Y (<+1),Y (K+2 ))
CALL L :NE (x,v ,K ,1,~~,1)
PPXNT 1.J~~3, 1
CA LL S OL (1.U,~~VM ,0.10~~,ITITL~~(t, 1),0.~~,5C )
CALL PLOT (A’ LE,J. 0,—~~

)

~U U CC~ T I P-4~JE
CA LL PLOTE
STOP

30’ Pa 31~ J 1 , ”E
~?E~~ 1C1~~,IC-~ -~C
TC=I C+i S
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~10 ‘v ( 1C) .~C
GO TI 2)i.

1003 FO~~4PT( 2I~~) 
-

1010 F~J~~{4fl (I~~,F10. f l )

• i~~~o cCf ~
4
~~T ( 2 r1’J~~c~)j 3 7 [  F0~~MAT (1! , T~~5W3 fl ‘LOl TED” ,T18, t5)

f’.JIj

~Ur~p.CUTI:E A~~’fO’~ (~~~~P V ~~N)
OIME~’S1O N UAR~ A Y (+ ,fl ,TS4V (’+ )
N~~~N—1
fl’~ 5 1 I~~1, N ~
I’=I +l
DO 5 1 J=K ,N
Tr (~~~RF (1,I).LE.~~A~~P~~V (1,J)) 5) 1) 50
PU 3 C ~=i ,”
I~~A ’J (’~

) NAi ~~AY (~
1 ,’!)

N A - ~~A Y (M ,J) S

30 JA ~~P~~ ’ ( ’~ ,J) = ISA V (1 ) S
50 C.OI~T N U E

~-FTU1k

E~~D

~ tJ~~FCUT I~ ’E H A L V E ( S P ~~C, rwH1 ,R4HM)
REt ,L LW~1” ,~~ ’H1
DIhErSI ON S? EC ?100 S

rK ?IA Y =I JC. S

DO 1~~0 I=1~~,21O0
IF(SPEC (I) •LE.Pv~ A v) Cr TO 100

~K~ A~~~S’EC (I)
IPEA k’ =i

1CO CC N TI NUE

J I ~~EA K S

j r~ j=j+~2C 0 IF(SFEC (J) .GT. ’-I A~ MA’< ) ~O ID 1~ 0
~WH~ =J ÷(~~~EC (J)— P~ ~ fA X ) / (S~ EC (J—t ) — S P E C (  i))

5 J IPE~~V
2~~0 J J— 1 S

IF (S FEC (J).GT .WA~~1A’< ) ‘~U TO 2~ 0
• L WH J+ (l4A —~~~EC (J))/(S~’EC (J#t )— SPEC (J )

FW~ r1 = P W H ’-L’1H’~1
P I l ,~ PV ’ IA (  “

, ‘ K M A X , ” L W H M  ‘ , L W H ’ 1 , FWHM “,F W H M ,” RWHM=
C,~ w ’-’p

~‘E T UrN
END
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Appendix E

- 

User  Instruct ions fo r  SPECTRE
IS-.

Program SPECTRE is designed to allow the user to select the

tagword to be plotted , choos e a large or small format , and select the

rang e of channels for  the plot with one card for each spectrum to be

S plotted. A set of title statements are initialized by the use of DATA

statements.

The file containing the spectra to be read mus t be placed on file

TAPE 1 as for Program SCRIPT, but the f irs t  spectrum need not be

registered. It is more efficient to advance the file pointer to just

before the smallest tagword to be plotted , but thi s is not absolutely

necessary.

A series of ZN±l data cards are required to plot N spectra. The

first card must hav e the axial dimensions in inches for the two plot

formats in the following order: counts (small), channel (small) ,

counts ( large) ,  channel ( large) .  These are normally 5. 0, 7. 0 , 8. 0 , -

S

12. 0. In the large format , the counts axis is limited by the width of

the plotter to less than nine inches but the channel axis is unlimited.

The small format dimensions should not be changed.

S Next should come a series of cards with the information for  each

spectrum to be plotted. Each card should contain in order  the tagword

to be plotted , the type of plot (1 small , 2 = l a rge) ,  and the f i r s t  and

78

~~~ 

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

~~~~~~~~~~~~~~~~~~~~~~~~ 
5

S S 
S s_ •55~~~~~ _55 __55 5~ — 

_L_ 
-



FT :— - -
~~~~ 

_____

last channels to be plotted.

( Finally, e r r o r  data cards are added for each spectrum to be

plotted. Each card should contain IE and NE in 215 format  with

JE = Is there an e r ro r?

o = Yes

Not 0 No

NE Number of errors

If IE = 0 there should be NE cards containing the channel number

and new value for each error  in format 15 , FlO. 0. These will be read

before the next e r ror  data card.

The order of the tagword cards is unimportant since they will be

placed in sequence f rom smallest to larges t  by subroutine ARYODR.

However the error edit cards must be in correct sequence to match

the tagwords after the tagwords are ordered by ARYODR .

The SCOPE control cards required are similar to those fo r

SCRIPT. 
S
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Appendix F

Overview of Program ALFAIC

This appendix is a discussion of the general flow of

action in program ALFAIC. Refer to the block diagram in

Figure 24.

The main program first reads certain controlling data

including the run TITLE card, NAMELIST CONTRL, and the back-

ground values BACK , which are then sent to ARYODR to be

placed in correct sequence. The program then calls RDSPEC

to read in a reference spectrum from file lAPEl. Subroutine

HALVE computes the FWHM for this spectrum. The program then

calls SPCTRN, which in turn calls RDSPEC to read the spectrum

to be analyzed. Then the tentative positions of peaks to be

resolved are read into PEKPOS and sent to ARYODR for ordering.

On subsequent iterations, the program will read in a speci-

fied number of reference spectra to use to analyze this same

unknown.

Now the program calls BGRND , which can perform one of

three options. BGRND can automatically compute the back- S

ground using subroutines LSQPOL and MATINV . It can al so

compute an interpolated background function through a

designated set of points. The third option, which was used

throughout this study, is to compute a number of regions of

80
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S Title
CONTRL

BACK ARYODR

I

i 

New Ref?

HALVE

New Spec? SPCTRM RDSPEC

PEKPOS ARYODR
S 

Auto
Interpolate LSQPOL MATINV 

S

REFMAX IMIN DELTA 1
REFTk LD INAX DELTA 2

hOP DELTA 3

~Pea~~)
RESLTS PREPAR DAVIDN

Each Peak
Area

Error
Around
Again? otal Areas

~~Area

Li St
Results

Fig. 24. ALFAIC Overall Flow Chart
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FUN

>-E

>-cE~ED
>-E

~~~~ED
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 24 (continued)
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constant background from data in BACK.

Next, the program calls REFFEK which computes certain

parameters for the reference peak. These may instead be

specified and the program will compute a reference to match

or the program can compute a reference from the spectrum to

be analyzed. The parameters are based on the highest and

lowest nonzero values in the reference spectrum, the maxi-

mum value in the reference peak and the one-third maximum

point to the right of the peak. S

The program then checks the peaks to determine if theyS 
can be fitted within the range of the spectrum using a

reference peak of the length computed in REFPEK.

Finally, the program calls RESLTS, which passes the

data on to PREPAR . When the computed spectrum is returned

from PREPAR , RESLTS computes the areas and estimated errors

for each peak and the total areas of both the unknown and the

resolved or calculate spectra and the square root of the

sum of the square of the difference between these two spectra

at each point.S 
PREPAR sets up the problem for DAVIDN, which calls FCN

and then, as required, calls READY, AIM, FIRE, DRESS, ORDER,

and FCN again. FCN utilizes SHIFT, FUN, MATINV , and DERIVP

to help it search for the minimum Chi-Squared Function. These

routines collectively do the work of calculating a spectrum

which is the result of a constant for each peak multiplied

5 by the reference spectrum at each point relative to that

peak location. These individual components are then added to

give the combined spectrum.
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Appendix G

Input Cards f o r  A L FA 1 C

Introduction 
-

A LFA1C allows the user  a p le thora  of options , but placing the

input cards in the cor rect  order  is critical if the p r o g r a m  is to fun c-

tion as desired.  The p rogram can be run in two main ways , anal yzing

real data or internally generated data .

Conjur Option Conversion

As listed , the p rogram ana 1 yzes real data f r o m  fi le TAPE 1 and

the routines CONJUR , FACTOR , PPOISS, PGAUSS , and OUTPUT are

not used. By rep lacing the calls to RDSPEC with calls to CONJUR ,

the program may be conver ted to anal yzing randomized Gaussian

S spectra. Input 6 should be substi tuted for  Input 5 if this version is

S 
us ed .

Standard Vers ion

The unknown s p e c tr u m  and NRSPEC reference spectra should be

placed in file TAPE 1 in the following ordcr:

Referenc e sp ect rum 1

S 

Unknown spec t rum

Reference  spectra  2- NRSPEC

FILE and LDSET control  cards  a rc  needed as for  P r o g r a m s  SCRIPT

84
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and SPECTRE .

Input Cards

input 1. Title Card

FORMAT (8A10) The title fo r this complete
sequence is read f r o m  the f i r s t
card. End of file or blank tern-il-

S 

nates the run.

Input 2. NAMELI ST CONTRL

NBACK = 0 Background determined auto-
matically by ~rogram.

= +n Background option I. The X and
Y coordinates for n back groun d
points will be read in i p rogram
calculates a curve passing
throug h all points.

= -n Backgiouud option II. n back-
ground intervals will be read in
(background is a cons tant  between
the limits of each interval) .

Note 1: ( f l I  < 50 1.1 n > 50, the prog ram will
truncate it to 50.

Note 2: n > 3 for  background Option I (positive sign).

NPJ�RD 2 +1 Initial peak positions to be read ,
as values of channel number.

NREF = 0 Referenc e peak to be selected
S from the spectrum. (This option

is generally not recommended.)

= ~.l Reference peak spectrum to be
read f rom tape.

S NSSW I = 1 Print the resu l t s  f rom variable-
metric -minimization routines.

S = 0 Suppress the above.
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NSSW2 = I List the raw data , resolved peaks ,
( 

I and composite spectra.
(

= 0 Suppress the above.

M.AXREF = The maximum number of channels
in the reference peaks.

KEPREF = 0 Read in NRSPEC new reference
spectra.

= 1 Use the reference spectra from
the last analysis.

KEPDA T = 0 Read in a new spectrum to be
analyzed.

= 1 Analyze the last data spectrum
again.

STDEV = The standard deviation of the
Gaus sian spectra to be analyzed.

STDEL = The amount the different refer-
ence spec tra are varied around
STDEV .

NRSPEC The number of reference spectra
to be used .

Ir~p!.1t 3. Background Data Cards (not used for NBACK =0).
DB(I) , MCK(I), I 1, NBACK
FORMA T ( 16F5.0)

1-5 DB(1) = For NBACK > 0  (option I)

11-15, etc . DB(I) is the channel number at
which a background value is to
be specified.

For NBAGK (0  (option II) :

DB(I) is the channel number at the
lower end of the Ith interval for
which a background value is to be
specified. DB( l)  is supplied by
the program and may be left blank.

L .
~~~~~~~~~~~~~~~~~~~~~
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6-10 BACK( 1) The value of the backgroun d for
the liii back g round position
( N B A C K >  0), or for  the Ith back-
ground interval (N I3ACK <0) .

Note 1: The pairs D 13(l), I3ACK(I) may be given in ~ny order .  The
program will r ear range  them in increasing order  of DB(I ) .

Noto 2: For N B A C K > 0 , the program requires back grounds for  the
firs t and last channels of data.  If not given exp licitl y, the
program will  use l~ACK ( 1)  fo r  the f i r s t  channe l , and l~ACl<
(NI3ACK) fo r  the last channel. These program-supp lied values
may be counted for meeting tlii’ minimum requirement of 3
backg round points.

Input 4. Peak extraction channel

= The desired channel numbe r of
the maximum coun t in the 512
channel segment to be anal y zed.

Input 5. DO Loop Sequential data

Five sequences of these cards will be required for each( analysis.

Input 5a. Referenc e Peak Parameter  Card (Use only if NREP O . )

STOIP R , DELTA 1, DEL ’rAz , DELTA3

FORMAT (4F 10. 5)

1-10 STOIP R = The channel numbe r of the maxi-
mum count in the re fe rence peak.

11-20 DE LTA 1 = Channels from the front (high-
energy) edge of the reference peak
to the “third-heig ht” position on
the front edge.

2 1-30 DE LTAZ = Channels from the back (low-
energy) edge of the reference peak
to the third-height position.

31-40 DELTA3 = Channels from STOLP R to the
( third-height position.

C
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Note: For MCA operation , the “thi rd-he ight” position is defined as
STOIPR and henc e the program sets DELTA3:0 . 0.L

Input 5b. Peak Position Cards (Use with NPKRD > +1. )

P E K P O S ( I) ,  IFLXPK(I)

UNFORMATTED (LIST DIRECTED)

PEKPOS(I) = The estimated third-height loca-
tion of the Ith peak to be considered
by the program , specified in chan-
nel number.

IF 1XPK(I) -
~ 0 or blank The p r o g r a m  will adjust PEKPOS(I)

for the best Lt to the data. (Stand-
ard option.)

> I PEKPOS(I) will be held fixed by
the program.

Note: The cards may be in any erder . T1~c program will rearrange
them into ascending order of PEKPOS(I).

Input Sc. Peak Position Termination Card

PEKPOS(I) < - 1 . 0 .  Thi s will terminate peak locations and
the program will prccess a new set of data , beg inning with

S 

Card i.

Input 6. Conjured Data Sequence Cards

These are used instead of INPUT 5 when running the program
using da ta to be created by Subroutine CONJUR and the associated
functions. The ~~o statements in AL F AI C  and SPCTRM calling
~ DSPEC must be replaced with calls to CONJUR for these options.

Input 6a. Cha nnels of desired peak (s)

• ~~ EAK(N) . N = l , NPEAK

UNFORMATTED ( LIST DIRECTED)

IPEAK The center channel of the GauE ’sian
peak to be created by calling func-
tion PGAUSS,

88
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H
Input 6b. Heights of desired peaks

( —

( ‘ IHITE(N), N = l , NPEAK

UNFORMATTED (LIST DIRECTED)

IHITE(N) = The approxi ma te height in coun ts
of the peak in channel IPEAK(N).

Input 6c. Peak position card3

These are the same as Inputs 5b and 5c.

I

C
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~~~gram ALFAI.C
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p~~~ çp4 M A L F t I C ( 1 9 ’ J T  ,rui~~’’i ,TA ~’~~~:tt1PUT , r~~PE6~~0UT Ptl T , PlJ~JN4,
1 ~~~~~~~~~~~~~~~~~~~~~~~~

C F~~L~ tA ~ ~L~~~~:r1 ~~~~ O~~TA I ” 4EO ~ ‘3I ‘~~OG~~~I A IITOFIT WRITTEN ‘~~~
( J (  ~~~~~~~ )~ ~~~~~)~~~4t  NAT IONA L ..A3ORAT )~~f
C THI’ Gf ~~” ~LLJ~~S TH~ FOLLC.,WT~~~?
C A t i4X ~~P1~J~ 0~ 21)1 ~ IAP4P’ ELS FOR ~ ~E E R E N ~~E P~ A’(
C A ~~~~~~~~ )F 2 1U1 C ~hELS FOR ~ ~~~~ TRJ ~
C A ~~I’~’J ’ . ~F ;c ~ 4~~I~~~LS FOR A ‘~~~K~~5OU ~l) T NPUT

CPIMfN ,A r. ,  J t ~~~~~~,~’SSW1 ,NSS’t ?co~~ir M /
~~~?/ ~UiL iS (1~~1 ) , ST0P.V1 (?1~~() , ?~~4 x ( 2 10 t )  , IT I M E~ , NMX

C(~M1t’~~/~~’3’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 G S c V A L , NT, I1~ A _ C, I r s ,  L~

)
C0r1~i(’N I~~O../ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 STC1~~t , r~E F 1~~~, fli , 10?, I f l T ,  ~11, ~ E, ~1~~EF
Ci~ i”(t-~ IAQ ~~/ 2(!1~J~~) , , 3~~~~~(~~C I ,  NJ,  N 3 A C K , NPKRt)
C~W 1(N /‘1~-7~~/ !~~~(‘i.O~~ , ~O (JNT~~(21J0) , ~J~~IO , TOO ,~Y , F’~E~), 

OF-5 TE~~,
1. r•O~~T E~l, ~~H~ ’4 l ,  t ,  T J, IS Pe. OT , Z ? M T ,  IE~~~,M~ X F E F,MAX P2

Cm’triCtI /OP TN/ E~~,K~~POA T
fl1~~F l S IUN RE~~3 T ) ( 21’~~, 1’) ) , 14 t - f l 4 ( l ’, 7)

F~ UIV A L~~S ?C~ (I~~L~~< ,  ~L N ’ ,O~3LNK )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C ,s T r ) E v ,~;To:~~,
-
~°s~ 

i-fl

C •..SIART CAL~~1.’1~’ A N~ GET O A T ~~...
= ii

S C A L t  O~ 1E (TC~ AV)
S C,L, i t  ¶•

~:i
C ,..~~~~‘~t NAT E P~~O - ~A M ...

Ls~~ W ? T ~~( t , 1 Qj )
101 FQ,-~ i t T  (~~X ,18k  E~~J°LOT EXE ~~JTE1)

C ~~~~~~~~ A N) ~~~~~ ‘ ITLE C~~~J. E’( IT O~1 E.o. r...
SO ~~ A f l (~~, I( ’ ) (T I T LE( I) , 1 1,3)

I F ( r ( w ( - ) )  . ,~~~~

...9 T~ (1IT~~E( 1) .~~) . . ’J’( ) 
~ O T~ L~~

W~~j T E ( f , , 3’~) (t ITL ~~
( t ) ,I=t,5 ),T3)~~Y

C ...~~~~IJT 0  )MA ...
P E~ fl ~~ ,CCN TP t.
T F ( E C F ( - ~) ) ’ ~:,5l

~ 1 P~~IN1 CJ~ T-~L
C W E P~~F F  IS AN 32113”! TO A LLOW TH~ JS~~R TO <!EP THE SAME REFERENCE
C P E A K  ~~~ ~LI. AN LYS IS
C P~~~F .G T .~

) A L L’~ W S ~~4 E USE OF T~4~ S % M E  ~ EFEC EPJCE PEAK F0P~ ENTiRE
C A N A LY S T S
C KEP ,~FF.~~1.J -~~~ JI~~~ A NE W REFE ~~~%~~ PEA ’ W ITH EACH SPECT RUM
C A N~/ LY7F1)
C KC~~J~ I ~~ th DPTIDN TO ALL OW TI4~ 3AI E ‘)Ar t SE’ TO RE USED FOR ALL
C Ø N A L Y S I S .
C vr~~rbT ~~~~~ AL L -4 T~~ S A M E OA ’~ S Z T  ID ~~ US~~D FOR T HE A NA L Y ~~IS.
C ~~ PDAT . C .O ~~1JI~~~S P NEW O A TS ~~ T F0~ E~ CH A N A L Y S I S .

= ~~~~~~ + 2
IF (NP’  ,f T , f l )  ~~~~‘ = 10 -

IF (P ACK) ‘~,,111, S1
70 W J =

2
GO TO ~O S

~0 P~J = N”AC K
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= I
QO IF (P’J,IT .’ .!) ‘ji = 51

F~~.’0 (E,1L.) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
no ,i !=t,IJ

qj c’~-~Ap I T’,”
. ’r? (~ ,I,’) “,fl’~( T ) ,” ~~~~K(’ ,1,”) = “,3A C K ( t )

IF (P-J. ’ .l) CAL~ ~~yOrR (O” ,RA~~c,~~J,2)
C . . .1~JITI~~LI 7-~T C i. .

Irn CO~o T lNIiE

P~A rJJ :C 
S

eIoIr R 0 ,3
01 i’~ I:1,2~

1~~
, T~ 1XP ’~II) = n
00 110 ~~~~~~~~~~~ 

S

113 ~TO~~EF( I)
C ...PlO~~~~JA T A ’PI~~J T ...

T~ (~ ,.rF) 1:.~, i~~c-, un
1?C IF(KF .GT.~~) 1 )  7) 7 ’ 8

P~ I’r ,~ CA LL IN~ < ) ; O F C  FOP REF~~~~N~~E PE~~<
t .O l i C i  ~ JK=1, ’4~~~~~~(A L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

=
)O 77 I :1,N

77 CON T~~t t ’ ~
CALL IAL ’JE (RE~ ST~~(1,IJ~~),FWHM (II<,1 ))
FW HM ( JW ,?)  = IJ(

1001 CO I~T)N1’EC,O T ( 1~J 5  )
‘7~ DO 9~ I = 1,!:5Ti~

STO ~- EF (I) = R E F S T D ( I  ,I J K) S

‘~~~ CO~ST 1NL~E
1030 ~o’~TiM’: 

S

GO T O 15(J
13r °E A D ( 5 , 1 - )  ~ToI ,~~zLT P1,DELTA2,)z~.rA 3

S 1~~& CONTINUE
C ...C~ A STA~1JAR ~ S~~ECT~ tJM D A~~ SET...

IF( KF~~OA , . (T . 0 )  ~,O T O 175
170 FA LL SPC’Rl S

175 7F (]E~ R,GT.rj) ‘3 ri
W~ j T E ( f - ,~~L~) N~~H4N~
DEL1A3 = 0.~ 

-

C ...READ PEAK PDSTTTFNS, DIST~~’I~~E
200 00 220 1=1,21
2 10 P E A D -  ,?E PDS I),l~~IYDV(I)

IF ( r E K P J S ( I , . t E . - l .)  F,O TO 230
PP IPT - ’ ,” pE~~.<i •,I, ” ‘,~~E K P O S ( t )

220 CONTINUE S

NI = 20

~0 ir ~~~
2~~) ~~ = I — 1
2L0 F (~~T 1’T1j) CA L_ 4RYO~~~(PcKPOS,trIl(pK ,M T ,2)

IcKirP[1~FO S( 1)
373 00 3! 0 1 1, N04A NS J
~~~~~ PAWY (I ) = CO’J’ITS (t)

C ...C4LC. P~ C~~~~O’~9fl , SELECT ~ErE~ ENCE ‘ELK A ND PICK PEAKS...
‘ALL HALVE (~~A~~~,FW’-I’l1)
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~~~~~~~ i = i , ;~~~:0 1FF A~~3 ( F W ~ ’ t — ~~.’-4 ’ 1C t , 1 ) )
~~~~~~~~~~~~~~~~~~~~~~~~~ ;j ~ ‘) 3f,Q

a r M T N~~~lC F
‘S Ii ( ]

“f  C C P l i T P - U ~) F ( t  1FP ~I ~.Li . i O . )  ‘
~ T C 101

r~ ii~~~ ,
“ ‘JJ s~~T I~~~ - C T 1 rv  PEF EREN”~~~, FW -4 ’I )F (I’4K~~OW N IS ‘,FWH’ll,

r” ‘ t ~~~ ’- L c
GO 7 (  : Q  S

~~ ~~~~~~~~ru 3k. ’ I~~I,t~’~~fO~T t j f { F ( I ) ~~~~FS T f l ( ,t J K)
~0? r~~NT Nur

C
r. ( 

~~~~~~~~~~~ .~~‘1). ( P P K ~’O .EO . 1~, ; 1-5) ‘4 4 0
IF ( t ~.~~.j )  ~~ 13 ‘70 S
j~ ( r ~~~ (~~~) .LT .flS’ (1)) fl~~(j)
IF ( Pr~(N I) .~~r. r FT (~ CHt~~4 ) )  PB (1J ) DIST (”I CHANN ) S

3 ’ f l  CD Li P(~~’~~
N~~X = N’~’( + 3

‘20 I ,NC~-IA~V~
T~ 

(~~A t4 X .1)) ..?1, e 1 ,~~~1r i

j F (~~~W X ( ~~) . L T . Q , ( )  ~ 5, W Y { I )  =

7~ COr ~T - I lt I~
‘“.u (~~LL ~rF~ F’(

IF (IPK ~~I .‘E. 3) ~) 
T 3  ~~~~ S

~+t. 0 C~’ ‘~~C I : 1,N T
‘~. 7C ~~‘ f P r S ( 1)  PEK°~ S ( X )  + D E L T A 3

I~ 
( P : N X )  3 0 , 3 7 t h~~?1

E~ 3 W~ ITr~ ~~~~~~~~
(~ 1 T ( ~57f l  W~~IT F ( ~~~~~

S ... ~A~~F SIJF~E TH~~T .~LL PEAKS A R~ (
~1 THE ~~‘1GE OF THE SPECTRU M

~ =
fir) ‘~~

f ,~
i 1 1,NT

IF ( ( ~~- Kpo~~(I) _ n T 1 ? _ ~~.k O e T E N ) . . T . ) I S T ( t ) )  GO T O ~~ C
I~ ( ( ‘  Kp~ s (r)+ Ln 1.~~.~~orTEN ).;r .DIsTc~~~~ANN ) ) GO TO 55i)

+ 1
~~~ coNT: ~t.E

~ ,
‘ ~‘1A3J = ‘ , i4fl ~~, ‘ ‘1 ‘, I

T~ 
(r .t E. NT) ,O T O cq~

00 ‘~ f ( ~ 1=1,51
c60 ~;T CR ~~~iI’ =J . Q

S pl.~flJ ~~ I~r~J4 1
1F( N A ~~~S . LT . 1 0 )  G~ Ti L:. Q
PP I , _  

, I”1SATIS r1~~1ORV PE ’~KS’ 
S

F.fl TC .
~~~
,

~ 80 =
l~R l T c ( E , . 2)  (~~FK~’ ) S ( T ) ,I:1,NT) S

00 f~ l I ~~= l , P C H A P 1’~
BV)  C T O kV : U)  * ~AC ~~~(i)  S

rAL L ~~ sLr~f(~~~ ( ) -, 1
CC T i ’ J

-~~~~ - 
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10 Ft~~ ~T(~~A i0)
12 Fi~~r~t ( tw ,* 12,t ,  )
1’ rO~- ’~t ’ ( 1 F~~.O)
ir FC.r~P1~~ T ( r ’  ,1.,F5.3)
lb FO~~~tT :~ )1o.~~) -

2’. FG F M~ T ( ~~~.*.,It,~~10 .5)
~0 FC~~~~~ ( t H t , 1( , A~~10 , 1 0Y , A I C )
~~? F~~~~~~’~~s T I l~~~~ - f i  ~~~X 8 H N B A C~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ = 12,iX7HNREF = 12

~ 1N~~SW 1 = 12,o’(31”ISSW? = I2,~.X9H MAXREF = I., )

1~ FOF ~s I 1 1HO NCHA ~~1 7 ’ -  , ‘(?H )
ie~ ~- t ~ t~~ ( ‘~~4 o I~~I :A L  1t rss ~ S OF ‘~~~~< POSITtONS)

~0 FJ7~~’- ~
( 

~iH3 C4 L~~J L A r ~~o ESTTHA T E~ 3F PEAK PDSITIONS)
-.2 Y’-’ t1C ~~1 2 . 3)
‘.‘~ foM~~r ( 1Ho,IL~,lL~ ~~A KS OELETEO )

~Nr

FUNCTTc~N FACTO~~
( ’ )

~OU~?LE PFECISION FI,SUM
11 FACT ~~F = 1.

IF(N—1 )L0,~~0,13
I i  IF N—1 Pr’ 1,71,~~121 ~O 2~ T=2,N

Fl:!
21 FAC T UR F~ C T C F FI

GO TO ~ 0
31 SUM f. S

S F I I
SUP~=~ 1’P’ +0LO G (RI) 

S

15 FA CTC .R=3 L2 35 0 C .~~0FX ’ (S” M)
40 RETU P N

END

FUNCTICN DGAU SS (X ,A J FP~ G,SIGMA)
OOU8t E P~-ECISro ’l 7,’sr)
7 (X—AVEPAG )/SIG ~’A
7SO= (7~ -’2)/2.
IF(ZeO.GE.200.) ,O TO 10

CO IC 11
~~~ P G AU~~~=0, 

S

11 PEIUPN 
S

FNO

94
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SUPO CUTI,,,r C C I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CIP~Er~~IO~1 SPcC (4C00 ,r~’ST (~~000 ,’DIST (2fl0 ,IPEAK 5

(, _  PIP~Et S I O ~. IH IT EV )
PRIPII4 ,” N~~FPK = “,J0 E~~K, ” ST O c ~\, = ‘,STr1~ V,•’ NC’IANN = “,NCHANN 

S

‘~RIN~ • ,” I°E~ ’< = , ( I P r A K J ,N = l ,~~~~A K )
PEA ,(I~ ITc (N),.=1, SlP~ A K)
PRINT~~,” IHITE = , ( I H T T E ( N ) , N = t , ’lP E1~K )
00 iCC I 1 , NC~4A~H

10’) S~~EC (I) Ci.0
DO ltOO J:1,N°EA~’

~VERtG I~~EAK (J)
SIC
~‘*= 37 .E7 8 IHITE (J)
00 200 I=1, NC~4 A 1 J
X I
5PEC7R =A A U S S ( Y ,A~~!~PPG, SIGPlA ) S

IF( ~ .LT. A V A4 G  ) GO TO 101
IF(SVFCfl. E. 0 . 1)  ‘ o  TO 101
SPEC1 F = 0 . 0
GO IC 102

i~~1 I F ( S C F C T R . L T . j .n ~~Fr7R 1.0
• in ’ SPEC (1) S P E C C I )  + S~P !CTR

0 0 CCNI1”flJE -

I0l~’ CON T !NUE
N SEE t 20 0 1 S
CALL PA NS ET ( N~~~!fl)
A V F ~~~G = 2’) .
IMAX= 2’A~/E~ AG
CO 1, 0 0  I 1,I~~A X

‘~00 01ST ( I)=POOISS CI, A vERA~~)I OL O = 1
NP:0
00 500 L=1,l’IAX
A=015T (L )’IMAX
IF (A.LT . 1.0) GO TO 50’)
INFW IOLJ+A
CO 1.~~0 J1=IOL0 ,I’J~~W

S 
POIST(J1) = L
p4 P :N V 4- 1

£,Sfl CONIINt’~
S IOLO T NF W 4 - 1

6 00 CONTINtI F
CO 600  1 I,NCHA N”J
IJ RAN PUI)6NF S

IF (IJ.LT .1) GO ID 6’)’)
coEc (I)=sp (!)#siRT (spEccr))4c ~ ,rsT(!J)’~ vFRA G~ 1.o)

E00 CO NT IP~UE
FETtJ

~
N

E ND

- •
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SU~ RCUTINE H A L J E ( S O ~~C ,cWHM, RWH M )
REAL LWH H,~~W~ M
0I~!E~.S 2 O I  5 P F C ( 2 1 0 0 )
P~~p~A V 1QC.
CO 1(0 Izi], ?IJO

S 
IF (SFEC (i) .LE .°K”~-X ) GC TO 100
PKMAX=SPEC (I )
IPEAY I

110 CONTINUE
HA FM~ X~ PKM f* X / ’ .

S J:IPEA’( S

vu j=j+i
200 IF (SPEC (J).G1.HA~~iA ~~) r 0  TO 1~~0

S J:IPFAK
S ? 0  J J—1

IF(SFEC (J).GT .HA I~~’~’) GO TO 2E 0
LW HM= J# (HA M~ X— S (J ))/CS ~ EC (J~~t I — 3~~EC (i))FW H M = R~H I— LW t - M
PR IN 7~~, 

2 K UA X  = “,‘KMAX ,” LWHM ‘, L W H M ,~ FW ~-1-I “,FW ~-~’-~,” R W - ’~~
C,RWH~
RETURN
END

SUBROUTINE RCSPE (Y ,~4,
J
~,MA X)• D I ME F- S I O ’~I Y ( + 1 f l 0 ) , X C 2 E ô ) , MW ( 16Q) ,7 ( 5 2 0 )

N 1
K K 1

10 BUFFER 1U(1, 0) C M W ( t) ,M 1( 1 6 0)  )
KK UP~ IT ( 1)CALL E~’RSET’K0u’~T,1~~0)
DECOC E( i . ’~0 , € C ,MW ) I,’H,Y
IF( KCUPI T .GT .1) ) ;~ Ti j

~~~

co  ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ,,,e~~~.oIF( KK.E0 .0 )  GO T~ 31.
00 80 I 1,2~ 6
V (N) X (I)

‘0 N:N+1
• IF (KK.NE.0) GO 1) 11

~1. N N— 1
I T I M ~~~Y ( 1)
I F ( I T I M E I F O - C) I T I M E  = •~~o~~PR 1N 14- ,” ITI~~E “, IT T M E
PRINT 101O,M 

S

IF(N.LE. M A X )  GO ID 3~ 
S

PRIN7~- ,” ~1 GREA TE~. T H A N MA X , N ~~~
N MA X S

~9 NN (t4f l O) # i
00 90 K=1, N N

• IN ( K — i ) ~~i3
II IP J# 1
LJ IN+10
PRINT 1021J,IN, (Y(J), J I,IJ)

S 90 CONTINUE
RET UP N

1010 FORMAT (1I40,TE1,”tAG’43R !~ ~~~~~~~~~~~~~~~~~~~~~~
1020 FOPMAT (tX ,I!,1C~10.))EN O
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SUBROUTI”4 E 1
~S F S L T ~

DIMEP-.SIO N ~‘T (-~), ~
I)

~~~~~( ? 0 )

DIMENSIO N ~ EK~ ’- -~V’0)), PVB~ CK (2i’)), X S E C t ~~(? 3’)), X~~ECE~~(2 0L)~
I OREL’T (230) ,

CO MM CN /-~0 0 /  VM M (
~~~,’) , IHO_ ’) (2i), -4SSW I, ~f lSW 2

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

• COMM(N /~~0~~i S I C — ~ ( ‘ I)) , E P~ 7(2 0) , ‘~~~STC- ’?1) , ~T~~~HH(20)
I XIP~TIS (2J) , I~4 D ~~X ~ 0 )  , I N I T A L  ( ‘~ ) , IFI NL (~‘0) , STO~~V 1 C 

1ICJ )
2 RA~’X (2103) , IT~~’l~~~, ‘INX
COP”~CN /AC3 ’ T I T L ~~~~~), KPDS (2 ,t t XP V V ~C) ,3ET~~,GST t .Tc ,

1 GSFVA L, IT , ~~~~~~ I~~S, L O
C0~ MCN /~ 0-./ rNr ; (?o,1G),sTc ~~~~(~~t oo ) ,J TA1, JFLTA 2 ,~~:LTA ~~,
I STIDIPk, ~ E~~lA X , 131, 102, IDI, ~i, NE , ‘iRE~CO MM O N F~ 0./ n <fl~~10r ) , DR (5 0~~, i~~~’((~~O ) ,  iJ, NOA CK , IPK~~~

• CO~’MON /~ AT 4/ )I~~~(? 1O~~), ~OLJ NT~~( ’ 1)0 ) ,  ~~~~~~ TY)
,~v , ~~~~~~ ~~~~~~

1 NO FTFN, ~1CH5-NI , It , TJ, ISPECT , t~~~T , I E , ~~~~~~EF ,’1~~X °7

• DATA (F”~T : ( 1Xfl.~.,, 7~’ 3Fi3.2,, t4 , 5 H F l h ) .2 ,  5 - 1 / ’ + I I X , ,  ~~4 9~~t~~ .2 ) )

S DATA (WO~ 3 ~~~, u H I C X , ~~~, ~~-4 2i’~, 7,
1 bH 30x , E~, •~H ‘ i X , 5 , S H - J ~~, +,  a’ -’ 0X , ~~ ~3~-4 7 J X ,  2,
2 8H bOX , 1 , ~~-4 9 , ~H 1-it , 3 , 8 !-’ 20X , 7 , ~H SiX, ~~~,

• 3 8H 1~CX , ~~~, 3-4 3X , ~~~~, 3’-1 € 0 ( , 3 , 8!-~ T O X , 2, ~ ‘-1 3 3 X ,  1,
I. 8H 9 , 3H lOX , ~)
DATA (ISF t~4F),(~~~LI< 1H

- I  C ...INIT1ALI’~Jt’)i...
J O = 0

S N N X 1
S 

P’TP l
MTT 1
NIl NT

C . S . S T O R  INFO~~1A T IO~’ AN’ ) G ET ~E’~)Y TO ~~LL ‘REPAR ...
E-0 00 70 1 1 , l ’

J = ~NX + 1 1
• IHOLC (I)

TO PERSTO (I) o E K o ~~~~~( I)

~ 0 D ELTA1 =

OELTP2 = LfA2 /D~~T~~
CALL PPE0A~
00 ILO I=1,N1
J = N N Y + I — 1

1~~0 IFIXPK (J) = H D L J ( I )
NP4X = NNX + p41
IF (~~SSW2.G1 • fl A~~IT~~ (r ,90L?)

0 2 FORM~ T(1C’1Q :IsT~~4c~~,2YaHRAw DA i~~,?X10HF~~~<GRO’P1D,2X9RCOMP0SITF , ~- ‘(

116HRESOLVEJ ~PECT ~~A )
C(~LC U LA T E  ~ R E A S  AN O EPRORS ?)~ T 4 t 5  ~~~~~~~~~~

00 91 1=1,11
X INTIS ( I )  = 0.

00 3005  J 1 , M A X P ?
30Y~ XINT IS( I)  = x INT i~~

(I) + STOR? (J,t)
J0=J 0+1
PEKPOS (Ji)=PFRSTO ( 7 )

PEKFFR (iQ):SIGM ~* (r )
PKPACK (JO ) 0.0
XSECIS (J Q) =XIMT1~~(T)

1 XSECFR (Ji) XSEC T~~(J 1) ERR7(t)
- C . . . A C D  ~~~A C K G R 0 t J rJ i S A N O  ~R I N T  TI E R E S O L V E D  4N~ COM PO S IT E 3 PECT- ~A
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JPP 0
003300 I=1,ITI M~ S
P4OP = JP~~~# l

S JPP= MOP+I~1 ) EX ( I ) — i
• M77=INIflL (I)

S MMX =IFINA L( I)
IF (~.SSw~ . ’).o) ~) tO 1530
IF (M77—HIT ) 2011, ’Otl, ’OlO

2010 ‘liP = — 1
00 20 12 L = ~ITT ,~~’P

‘01’ wRITr (6,= 4 r )  flFt (L ) ,COUNTS (L),1~ 3 (2 (L)
70 t 1  W R I T F (~~,93j 2 )  (D~~?S S T D  (JP) ,JP =~l)~ ,)?P )  S

~ C~~7 F O T (L,3X , 1 ~~.~~
I’~~0 DO 3( 10 J = l 7 ~~ ,” l X

= 0
K2 = C
M = J — M 7 7  4 1
STOR VI (J) ~ACK ?(J)
00 1310 JP = M iP ,iP~J2 JP
I~ ( ( M . G E. I73T ~ T ( J ~~) ) . -~N f i . ( M . L E . t ? 3 T 3 P ( J ’ ) ) )  GO TO 132J

1.110 1(1 = KI + t
IF ( P~SSw ~ .Er) .0 3) 10 ‘010
Wp1TF (t~,rMr) DIS J ,Cr~uNT SCJ ) ,n~ :<’LJ )
GO TO 3010

t l’U 00 1333 JP = J?, J~ P S
IF (IM.Lr .Ir ~TRT (JP)).r~~.(M.GT.17~~T)P(Jp))) GO TO 13L+ 0

= JOB + JO

P K P A C K ( J ~
) PK C V ( J ~’) 4- ~AC K2iJ)

I’’~ 1<2 = 1<2 + 1.
ITT = M — I7~T~ T (JD) + I
STORV1 (J) ¶TO~ Vl ( I) + sToRz (rlr,J’)
510R7 (III ,J P) ~T O ~~’ ( IT T , J P)  + ‘)~~ < 2 (J)

S 11~ 0 5(1<2) = ST~)R? (ITT , J’)
11~ 0 FPII ( T • ) = W O R O ( K 1  + 1)

IF USSW?. 0.0) 3D tO ‘010
1019 WRITF ((,F’lT) (DFT (J), r OLJNTS (J) ,3~~ < 2 (J),STORV 1 (J ) ,(S(<) ,K=t, 1<2))
1010 CONTINUE

P~TT MMX + j

1100 CONTINUE
JOB = JOR + P~T)? IF ( NSSW 2.E ’ ) .O) ) T O ‘~ 0l
0034 00 I= l T T ,NCH~ ’4N

34 0 0  WPITE (6, M~~) O r s T ( t ) , roUNTS ( I) ,3~ 3<2 ( 1,
C ...PRINT ~EA 3I k 1G ...
Izell W~ ITE (6,~ 5) (TIT ..E (t) ,T= l,A ) ,T I) )~~Y

WR ITF (~~,2 0 0 )
5 0  00 5(0 I=1 ,J0

IPF = IBLN<
IF (I FIXP< (I).GT .fl) rpr 1SF
A R E A  = XSE~~TS ( I ) +~~KiAC ’ ( ( I )
STXEPR = 0 .

IF (AREA .GT .0.) ~~XT~ R = S O R T ( A ~~ 1)
WR1TF (€, 213) DEKF)S (I),IPF,PEKF)~ (T) ,XSE~ T~~(I), X~ ECF k (I),

1 P Kt ’ AC K ( I ) ,S T X ~~~
~~‘) CONT I NUE

DEVST PEVSI (.3 S

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _  I
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A U N K = A P E S = 0 .  0
00 5000 IJ< 1, X~

1
~~c

AUNK :AUNK+~~OUNTS ( 
T J’( )

AR ES=A~~ES#STO°V1 (I JK )U 0EVS~~=OEVS1 + (CQU %:tS (IJK )_ST0~~VI (IJK ))*~~?
cn~~o CONTINUE

0EVS 1=Sf ’~ T (0 FVS 1)
P R I N T S ,’ A R E A  I t N ~<~1O4 ~4 U,aUNK,~ ~~ V A ~

S ES O LVE’ )  “,A ~~ES ,’ ~~Is 
r .~~~

COR ~ ,D~ V S T
PE TU~ N

~c FO Rt -A T ( 1 H l , l X ,~~A l0 ,  t O ~~,A l0)
‘ ) O  FO RM~ T ( / h X - ~ lPE~ K, ’3X 1H ,19X 5 HlJ I 1 . , 3EX ESt ./ ~~X8 H0 O S I’!ON,3X 7 H

1. ,bX ’~H ,;x;~4 r FPo R,?x b H C D J 1 T s ,12~~5~4 E0 R R , 1 3 x l G H i A C K G ~~OtiN )
2,6X 5I~Ek~ O~ I)

‘~ 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2~~2 FO# UT ( F~~.-., IX, lO. e , 2F10.? , F~~.?, 3 .  1,3x ~~~,r;.i)
2’l FO k M t s T ( 3 X F~~.3 , lX~~1, 1XF~ .4 ,16XF c .7 ,3~~~~9 . 2 ,3 ( L +X F i . 2) )
2’? FOR pl~ T (F).+,1XFiG.#, 1OY ,2F10.2,F3.3 ,= b .1,7~ 4b, 3 .1)
?1

~ FORM~~T ( 3 X Fj .  ~,tx ~~1,’6 X F 6 . 2, 5XF 1~~.2 , 1( L ,x r 1 t . 2) )
‘15 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
210 F O P MA T ( 2 H - t )

END

SUBROUTINE S FCT~~C . . . .READS TIE S °ECT~~JM ~A r O S AND s~~rs T IE  D t S T 4 N C ~ ~ND CU’)NT A~~~A Y 3
OIPtEP d SIOr4 Y S A V ( I C )
COMMON/O A TA /X (2I~~3),Y(’10O),RUN!),T)DAV ,~~~E0,T)ELX ,NOFTEN ,
I N,II,IJ ,I3 PECT , r~~91 , IrR~- ,hAXRE F ,I~~~P2

C OMMON /OPT N/  KEP~~E~~,1 < P DAT
C ..... .. INITIALI7E OP1 T~ AR ~ AV TO ?E~~O

00 1(0 1=1, 210 0
100 V (I) 0.0

N I 0
OELX = 1.0

PRtNT~~,” ENr EPEO SDECTRU M, CA LL E~~3 ROS PF
CALL RDSPE C ( ~,N,~~rA 3 ,M~~x R EF)
IF(N.GT.21 00) GO TO ‘3’
01=0.0
GO TO 250

215 W RI T E (~~,2) N
2 . 5  IERR=1

GO 10 300
C .... SET TIE 0!ST~~NOE VALUES ....

~~~ X ( 1) = OI
• 00 2(0  I=2 ,N

2~~0 X ( I ) = D 1  + F L D A T ( !_ l ~~*T ) r LX
S 3~~’) P~~T(JRN

‘0 FORMAT (F€ • 0, 9F7 • C , 8X~ 3 • 0)I F O R M A T ( 6 H 0  0 = ,~~~.l,1(- H LESS T’1~~9 Dl  =

FO RMAT(11’ I O NOHAIN ,T5 ,ISH GR~~~T E~ T HA~4 2100)
S FORMAT (F~ .0/10 (F~ • 0, 2X) )

END
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SUBROUT I” IE ~ :FP~~<
C flETE~ IITNrS f lE P ~ I E T ~~~S OF 1w~: u~~EP-:. E  p r 4 v

COMMON ,A0’/ O’J’l~-~15 (1F~1) , ~TORV t C ’t3 C ), ~~.4X (210 (), ITIMES, N- ~X
COMM O N / A O 1 F  S’(t~~( -

~) ,L O
COMMON /A0s/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I STOI PR, k E F MA X , Iii, 102, 101, N1, NE, N~~~~C O M M O N  /A 0~’/  q~ C’2 7 I’ r ) , D’1 (

~iO ) , 1~.C K ( ’ ~0 ) ,  NJ, ~~~~~ NPK- ~
)

COMMON / J A T A  / JI~~T ( 2 1 C C ) , OU~ T~~
( ‘ 1)0 ) ,  ~j’4t0, TD DA ~v , ~ PEO , ‘ FT F ’4 ,

1. P4O FT~ N, NCHAN N, It, IJ , ISPECT , Ft—I, F , X~~EF ,l AX ° 2
COMMON / 3 °T N/  K!~~~E? ,1<rPDA T
IF (10) 10, 30 ,10

10 IF (NRFF) 3 0 O ,~~0 t , li0
10 IF ( NR FF) i o 0 ,’or ,~~iC SE LECT Rc F5~-4 A Pr F~~DI INT rRNAL DA T A
O Q  0090 1= 1,2 0
~ 0 STOREF ( I)  = IN T~~F~~(t,NTEF )(~ F IND LOWER E D G E  0 ~ r~~<

1~~0 COl IC I t , , 1AX ~~EF
IF(STOPEF (I) ) 11~~, U0,120

Ito CONTINtIE
1”) IMIN = I

IF (I.G1.1) IMIPI = I — 1
C FIND UFPER E3G E O~ ~~~~~~

S
~~~K

I I~AX R EF
I’O IF ( S T O R E F ( I ) )  1 . O ,t ~.0 ,150
I~~0 1=1— 1

GO IC 130
I’O I M A X = I

IF(I.LT. M A X P EF) t H A X  1+1.
C F IND TOP OF PE~~

(
PEFM~~X= 0. 0
DO 170 I=IMIN ,I M A X
IF F EFM~ X — S T o ~~~~~t ) )  l(0,1?U,i’)

1~~0 RE RMAX = S T O R E F ( I )
ITOP=I

1,0 CONTINU E
SREF = .001’ RE~~~~ X

C FINDS THIRO HEIGHT
REFTMO = REFMAX/3 .
DO 1t3 0 I=ITO P ,IM~~X
IF ( S T O p E F ( I )_ R~~:TI1) l90,1~~0~~I~~

)
I~~O CONTINUE
V90 RI:I

OFFS ET = ~~EFTH’)-S I1RFF( I f l /(ST i~~~F( I — l ) - S T O r E F ( T ) )
S RTHPOS=PI-~)FFSET

DELTA I  = ( F L D A ~~
( 4 X ) — ; ’ T H P 3 S ) ’ O~~t ’ 4

DELTA? = T H Po S_ L 3 A T IMIN~~~4O~~r :J
OELTA 3 = TH PO S_ ? L 1~~T U T O P ) ) 4 - O F T~~N
RIMPOS = (~~T~4P O S— 1 . i ) 1 P F T E M
STO RE 0 .0

?10 I D T = ( O E L T A 2 + C E L T U ) ’ O F EN + 1,1
IO 1:(OFLTA1+0E LT r ~1) ’OF EN 4 0 . 1
!D2 = ( 0 ELT r42—0 ELT~~3 ) ’ D F T E N  4 .1
NE = NCHAN’4 — 1D~S 

P49 = 1 0 2 + 1
IF (NREF) 2 3 0 ,21 ,21~3

C ~ ELECT RE FcHAPE ~RDI ~A W  SP EOT RIJ ’~

100
—
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710 KU (STO I~ R—D IS 1( I) )/ f l FTE N + 0.1
110 = KU — 102
IM IN ~~~~1
IMAX = IMIM 4 Iii — 1
STORE = oF rEt -~FLo~~rcr r~~) + D I S T ( 1 I
RTHPC-S = STOIPR + D~ LT~ 3
00 2 7 0  I’~= 1, 101

~0 ~1OPEF (I~ ):R4WX (iIfl4IR)
‘10 IF (10) 24u,2~,0,’00
2 0 00 2t3 1 1M1N ,IML’(
2 0  STOREF (I— 1’lItl+l) = STOrEF (!)

00 2~ 5 IM=ITO P ,I ’ A X
2~~~ IF(S IO REF( Ih) .LT .S~~~F)~~TOR EF ( IM ) : D .O  S

IM=IMAX—i ’ 11N42
00 2(.0 I=IM ,*~A X ~ E S

2~ O STOR F F( I )= i .C  5

IF (t ’ NX )  4 0 0 , - , 0 0 , S 0 1
300 WRI TE(~~,310) O E L TA I ,  U E L T A 2 , OELfl-3

110 FORMAT(IIHO D ELIrI ,F’3.2,8X94’E,.T).2 = , .2,~~X lrlELT~~ = ,F9.2)

PRINT* , I~DT = “,t0I ,” 101 ~,I)t. ID?
WRITF (o,350) pTI~ 3c

1 0  FORUAT (321 REFE~ !N~ E PEAK THIRO •IEIGHT = ,F9.4)

~e’)0 PETIfl NEND

RU t-iC’ ION PP0ISS(’1~~~,A VERA5)1 FF01 =((A J
PETI$ N S

• END

SURPCUTINE OUTPIIT (X ,P4MAX )
D IM E P S IO N  X C I )

IM A X = P - M A X /10

• 00 1(0 1<= 1 ,IM~~X

11 K’ 10
I0 11— 9

j~~fl PRINT 200,(X (I),1 11,11)
S 710 FO RM t T (~~X ,10 (E9.3 ,2X) )

RETURN
END

101
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SUBROUTIPIc P~~~P40
C ...CA LCUL~ T E S  T HE ~V~1<rlkOUW )S...

COMMON /A02/ OF (~~~
), QWO 2 (F2), ‘4C~~)i , X C I ’ ) ) , A ( 1 C ,1O) , )’J M~ Y ( . 0~~3) S

COMMON /~ O3/ lIT (?0),PEA1<( 20),3_ ’4((23), ~A’(,NCAt.C,i S,L’)
COP-tPICN / A D-+ / INT ;rF( ,O , 10) ,S TOR E? (  ?10 0 ) ,  )E. TA1, r ) E L T A 2 , J E L T A ~~,

1 ST OI PR,  ~~EF ’MAX , 1)1, 102, I~’1, ii , I1~~, ~~~~~
COMMON /A0-~/ ~AC (2(210’) , 08 (50) , 3~~CK (~~~~), t4J , NBMCK , NP1<RD
C O M M O N  /P A TA / ~tt ST (~~ 10 1) , ~ O U M T ~~(’t)0), ~ J ’4I0, TO O AY ,  ~~

-
~~!“ , 3FT~H,

I N O F T F N , ICI- 44N ’4 , S< I O C 5 ) ,~~A X ,~Er ,1A~~~2
00 = O I S T ( t )
IF (NBACK— i) 10, ?00 ,g0~

C . . .AUTOMATI C ~~ G~ CUNO sELE~ r t o ~~...10 NP = NPEAK + 1
IJ 0

z
Rt-402 (NJ) = 1.E1O
DO 200 JJ:1,NP
U = IJ + 1
IF (IJ—N~

) 20,3 0,~~fl 0
‘0 LOCPV = ( ? E A K ( I J t _ 0 E L T . ~3_ tT~) /OFlE~J 1.1

IF (IJ— 1) £ ‘ ) , ~~~~~
~0 NOEL = LhO C~~K — 102 — I

M A : 0
GO TO 100

‘O NOEL = IFIX ( (PE~ ((TJ)— PEAK (IJ—t )~~/)~~TEN + 0.1) — 101
MA = LCC PK - IC? - -fl~ 1 — 1
GO TO 1CC

30 LOCPK = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1.1
NOEL = NCHA 4N - _ D~~’< — IDI
MA = LO C~~( 4 101

100 IF (NCEL— 13) 200,170,120
120 J BAC 1< = F L O A T ( t - J Or_ ) / i 0 . 0  + 0.2

= NOEL/m ACK
SHiFT = FLOAT (JPI/2 .
1)0 i t O  I:I,JPAC1<
NJ = NJ + 1
9 = 0.0
DO 1L0 I° 1,JP

1~ 0 8 = ~ + CO ’J N 1S( M~ +I~~
)

RHO2( NJ) ~/F L0~ T ( P )
PA C K ( W J )  = RHO?(~ii )
CHECK = RHO2 (NJ-1) ~ 2. 4S0RT (RHO?(~4 J — l ) + I . )
IF (R HO2 (NJ)—C HE <) 16J,1~ 0,150l I D  NJ = NJ - I
GO TO 17O 

S

ISO OE (NJ) = ‘)LST (MA+ t ) 4 0FTEN~~Sl.1Ict 
S

OB (NJ) = ‘ ) c ( pJ )
C •..TEST FO~ LIMIt ~ r ~ Q PO IN’~ A’40 TA (E APD~ OPRIA 1E ACTION ... S

jTQ IF (NJ—..4) 180,1~~~,,00
l’~ IF (1J.G~ .N P) GO TO C,00

IJ =
• G0 10 80

130 MA MA JP
PlO CONT INUE
400 IF INJ—5) ,10,4.20, ’.’O
.10 M = p.j —

GO TC 430

102
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470 N =
4 7 Q N = PJ
500 MM = M 4 j

00 510 I 1 ,~1
rj~ W (I) = 1.0

CALL LSQPOL (N ,MM )
DO 5’C I=1, NCHt*11 l
9ACK2 (I) = X (I)
00 520 1P 1,M

~20 BAC1<2 (I) BACK2CI ) + Y (IP,1)+O ! T (t)4*I~
IF (BAC 1<2 (I)) 530,5~~),5~~O

~10 PAC K 2 ( I) = 0 . 0  5

C C O N T I N U E  S

GO TO 800
C ...INT E~ Po LATr TIE ~~~~~~~~~~~~ T-4 ~ OUGf’ TIE PJ’NTS REA~ IN...

“) 0 JCI C
JC2= G
IF (OP (I)—DIST (l)) 7t 0 ,10 ,705

‘~ c ~C i = i
OE(I) = 0151 (I)

S R H O 2 ( 1) ~~~A C 1 < ( 1 )
?l~O IF(D~~(NJ) —r1IST (N -4A4N) ) 715,75o,T;3
71r JC2= 1

DE(NJ#JCI# l)  = Dr ST ( ’ l r ” A NN)
R’402 (NJ+ JC1+ 1)=~~ CK(~~J)

‘ O  flO 7!5 1=1, NJ
DE (I+JCI) =D~~

( I)
‘~~~~ RHO2 (I+JC1)= ’~AC K (I) 

5

N N J +JCI+JC2
IF (N.LT .3) GO TO ~~0 

S

J52
00 790 I:1,NC,-4~~t4~
DIX = 0131(T)

~~ 0 I F ( D IX — O E (J 4 1) )  ~5 0 , 7 7 ,775
7., JzJ+ 1

IF (J.GE.N) J J — I
T’0 DEMI= (DE (J_ I)_ DE (J )) ‘ (r1E (J_1)~~OF (J+1 ) )

oEM2=u )E (J)— :Eu—t’)’t~~E (J)—O~
(J+t ))

DEtl3 :(DE (J4l)—OE (J—1 ) I’ (tDE(J .1)—DE (J) )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 + ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 • (orX—oE (J—1))’ (o1v—DE (J))/1~~ 1’;HOr (J+1)
IF(B~’CK2U) .11.0.0) IACK2U ) =0.0

T’O CONTINUE

~00 WR ITE (€ ,31J) (0~~(I),RHP2 (I) ,I:1,ll
~I 0 FORMAT (2t-’4OPOINT ~j~— cn 9Y qA CKG-~~Jfl/(2r~~2.3~~

GO TO 1000
C ...CALCJLAT E TIE ~ttC1<GROlJN0 P4T~~~V A L ~~...

~ flO IJ 2
09(13 = 01ST (I)
IF (NJ.EO.1) 03(2) DTST (NCHANM ) 3FTF~4
00 920 t:i,NCM~ N~
IF IST (I).GE.O P IJ)) U = IJ I
IF (IJ.E0.?4J) 01 (4J41) = OIST~~CI~~4~~) + 7 tEN

‘Q RAC 1<2 (1) = RACK (Ti—I )
WRITE (6,~~30)

~ ‘0 FOrcM*T (i3HO OIST~ NCr ,I7XttH ~3~~~(~~~OOND)

103
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00 g’0 I=I,NJ
DIX 00 (14-i ) —

~~~
. 0 W RITF(6 ,L150) (09(1) ,JIY ,BAC’< (Ii)

~~ 0 FOPMAT (F3 .3,IH— , S .1,I~ xr6.2)1000 RETUFN
F ND

• SUBROUTINE L!QPOLH45h ,r~,MSU~ )
C LEAST S0’JA- F POL Y ’1O IIA L FIT

COMMON / A 0 ’ /  x (~~? ,  V ( r 2 ,  W( 50) , R (10) , A 10,1 0 ,  X P OW E R (~~0), 
S

I OUPMY (~~0~+ 9 )
N=NS()B S

11=MSLJP S
MI M41
M 3 M +Pl+M
M31 P43—1
M41 P-’31 +l

C
C FORMATION AND I’1~~E~ S I O N  OF SYST~~1 3? NO~ M~ L EQJ A T I O N S
C

00 100 ‘(2 11 ,M~+I
XPOWFR (K2) 0.)

100 CONTINUE
00 200 K1 1,N
TERM :W (Ki)
DO 200 K2 M1 ,tl3t
XPOWER (K2):TE,~M+X~~O~~ER (K2)
TERM X (K1)~~T E R M

200 CONTINUE
DO 3C0 1i , M
00 300 J=1, t4
K2 1+J +M— 1
A (I,J) XPOWEF (K2 )

300 CONTINUE
DO 4 C 0  K t , N
TERM=W (IO’Y (K)
00 ‘.00 K2 M3 ,Mol
XPOWER (K2)=1ERM+Y~~OWER (K2)
TERM=X (K) ~T E RM

430 CONTINUE S

00 ~0O I=t,M
K?=I+M31

- B ( n = X P O W E R K 2 )
!fl0 CONTINUE

CALL M AT IN ~/ (A ,M,~~,1,DFTERM,10 )
7 3 0  CONTINU E

RE1U~ N
END

104 5
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SUBRCUTINE P~~E~ 3
C ...CfNVE~ TS C~ TA T O CH .~NNEL NUM1~~~3 ~NO ‘~~FP~ R~ S IT FO~ T’4~
C VA PIABLE—ME T~I: P~ CK’GE...

PEAL LPF
COPIIICN /A 00/ HHC’O , ),PER (20),G~ (2 0),c (7O 1,XP (70) ,GP (?O),T (?0),
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 OFL T A ,E E ,LT ,’S ,tT ,L,~~HOLN20 ,~~3;~~1, piS s~1’ S

I X (21OO),~~(21~~O ,E !1~~0),~~(20,’D, A (21), G( u) , E~~~~~J), D~~L,
2 RE P , F, ~BFST, _ P (2?), LP (22), IRS ,  I~~~, I~~iE, Ii~~, TTC, 10FF
COMMON /AO ?/ SI’,~~~(’’), FRQ!(20), ~~~ STO (21), ~T~’RH H (20),
1 XINTIS (20), I’flEX (20), INITAL (20), IF1NL (20), SIORVt ( 21-D0 ),
2 RAWX (2100) , IT t M ~~5, t !NX
COMMON /~ 03/ DUM~ Y (~~fl,NT ,NCALC,1;S,L0
CO MMON /A3-./ I~~T~~~F(2O ,10),STO~~~?(21C 0),1ELTAt , 0ELTA2,~)ELTA1 ,
1 STOIPR, ~EF M-~X , 1)1, 132, lOT , 

~~~S3
, N~~, 4~~EF

COMMIN F)ATA / JISTC’lOC ), COUNT’~(21)0), ~JNI~1, TOD A Y , ~~~~~ JFTE’~1 ,
1 SK1P(7),I A X R E r ,IA X P?
IDEL 0.1
QO = DISIC1)

C •..CONVrRT ~L.. ‘JMIT’ TO C HA NN .. 4J MqF~~...
DO 1C60 1 1 , NT
PE F ,S T O ( I ) = ( P E R~ T ’ ( t )  —0’9 /OFTFN ‘- 1.0

tD’O STCRI~H(I) = 1.0
P E R S I O  ( N T + 1 ) = 3 C 0 C . ( ~
DE L3 =Aplrcr )cLTA l+OEITA2 .o.1)
IP~~~(2.0 +1ELTA2 )
IPS?E ((2 .3+OELTA? ) — LOA T (I~ R)) t0.0
DO ICe1 I = 1,MA Y’2

t0~~1 R (I)= 0.0
DO 1C65 I 1 ,IDT

10~~5 R( I+1) = S T O R ! F ( T )
IRS lOT .- I

I 
I1C 1
I TI M F S O
III = I

C III = ( NUM0E~ oc PFAKS AL REA OV ~ 1ALY7!O) + I

~O O 0  10FF = ILl — I
C •..flIVt 1E GROIP O~ PEAKS INT~ ~1J4-OV !~ LAPP t~4G SU~ G~ OUPS...MS = 0

L T Q
IF (III—NT)20Ct,’~ 01, 100O

C IICSS (F I tS T CI4NPIEL NtJ I5E~-t O F FIRS T PEAK IN SU0G’~O~’P) - 1

~~~~ I I CSS Pr~ 5TO (ITt) — CFLTA2 + 0 . 1
IFtIICSS.GT.1) 11 S3 I I CSS — I
00 2(15 JJ 1,20

- IT’L l 4-I
I F ( P F P ~ST3 ( l I I + J J )— P E~’STO (I I T 4 J ) — 1 ) —  )~~L 3 )  2C 15, 2 0 15 , ’020

~~~~ CONTINUE
S 

?0”) XXX PE~ ST O ( I I I I
C tIC ‘ TJTA L NJ14 9~!R ~c CHANNEL S I’4 THE SU3GRDU~

TIC = PERSTO(LT+T3~~~) — X XX + 0~~~T~~t + DELTA? + 3.1
C •,,5ET~JP INIT IAL MA rRIX, OATA , ‘4EIGH1~~, AND 

P~~RAMFTERS ...
DO 2025 1 1,LT
00 20 25 J : l ,LT

20 )  HH(I,J):0.O
D E L T A r I . 0

105
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00 2030 I 1,L1 S

IN = 10FF + I
= P~~P.S T O ( I M )  — 

~XX + OEL~~~2 ~ 2.
H H ( I , I ) = S T 3 Q I ~H ( ? , 1 ) 0 l  7
IF ( I P I O L O ( I l ) )  ? c ,2 6 ’ 8 , 2 0 ? 7

!0~~ HN(I,I) =
GO TO 20 30

‘0~’~ DELTA = DE. T4~~’-1I (L,t ) S
21?0 CO P’iTlNUE

DO 2 C 3~ I :I1 C ,IT~
JJ = I 4 IICSS - I
X (I):RAWX ( JJ)

‘oic W ( I ) =j . U/ S~3 R l ( ’~
( t , + t 3 . C )

EE = FLOAT (ITC_ LT )~~1.Or
CALL DAVIO I
I T IN F S= I T I - ~iF ~.i

C I N D E X  N L M 9~~ Qc PEAKS I N  S~l3~~~)(t~C IP~ITAL = STA~~TI?1 ’ CUANN~ L N!Jl3~~ IN EJ3 ~~ROUD
C IFINAL. = FI~l 4 L  C IA N P ?EL PI4UM9E~’ ?) ~ SUP~~~DUP

INDEX (ITI MrS~ =11
IN1TAL( IT II’~S) = t 1~~SS S

IFIN~ L (IT1~lrS) t1~~SS + 1T — I
03 ITC — L I  S

S C ...C~ LC. ~ O~~S t~4 ‘flS TIONS At-1~ ~)1PUTE ~43~~MALI7E0 INt)TV. ~~ 4KS
00 2142 t .t,L .T
IN IOF~ + i
PERSTO (II) (t’F~~(I)4XY X—OEL TA ?—3 .0,’OFTE’9 + 00
STORHH (I’I) = 114( 1,1)
~ IGM ~~( 1M) S~~~T (

~~~S ( ( 7 . O 8 STORIP-i (I1)~~FP E S I ) / O ’ ) ) 4 o F T ~~4
IF (A (I)) 2lI~~, 2110,21 

It
2110 ER’7 (IM) = 0.0

GO Ii 2120
2I1~ ERR7 (IM)=ERP (I) /4(t)
!1’0 00 20’.0 J=1, fr4xP2 

S

“~~0 ‘(J,IM) = 7(J, I M ) ’ A t I )
0 - 2  CONTINUE

IF (IT.Gr .2~~) W~ T T E ( 6 , 1 0 0 l )  (PES~ T)(I),J:1,L.T)
I I I  III + LI

S GO 10 2000
W 10 ~ETUFN 

S

tor,1 FORMAT (51’l ) ~PSIL3N 100 SMALL 
— ~ 1~1DT C 3 N V E~ GE rO~k PE A K S  AT ,:FlO

S 1.2/ (IOFIO.2))
END

S .

106 
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SUBROUTINE FCN (L TT , ~ ‘,F9 ,~~ER,MjP
C ...SETS ISP TH~ LI14c~~ ~OUAT10NS ~~D D 9TA INS RELATI V E PEAK HEIO,HTS .

REAL LP~
D I M E N S I O N  P F p ( ? ~3 ) ,r ’ ( 2 r )

S C O M M C N / A 0 1 / 7 ( 2 1 0 7 , ) ,~~S C 2 I 0 2 , !l S T ~~1 2c , r 7 S r J P ( 2 0 ,~~~2 t 0 2 ) ,
S I X (2100),~4 (?1O0~~,~~(2l’~0), (2O,?J) , 4(20), G (21), ER~~(2 0), OEL,2 RE P , F, ~BEST, _

~~~(22), ~.~~(22) , IRS, I~~~, IP~~~, tIC, ITT, IO~~
COMMCN /OATA / DI~~T(?1O~~), ~0UNT ~~(2l 00~~, ~J~’lTD , T O D A Y , FREO , 0FT E~~, 

S

I NOFTEN, NC I-Ai’~N, It, T J ~ ISP cCT, t~~MT, t ’R,MA X~~EF ,~~A X P 2
LT=LLTT
IF (M 1.E0 .I) F~3ES T t .OE1O

S 4 00F ~ 00 91 L 1,LT
L P ( L )  = FE~~( L )  S

LPF (L) = (
~~E~~

( L ) — ~ L T ( L P ( L ) ) ) ~~10 .O
~1 CALL SHIFT (L) S

S PRINT4 ,’ IF ~I = 3 = “,M1,” WILL OLL FUN FROM F N
2~~5 IF (YI— 3) 222,21?,222 

S

C D U M M Y  CA L L  13 FU l  TO FORM THE 
~~~~~~~~~~~ E

219 CALL FUN (LT)
00 220 l=ItC,IT~ S

2’O W (I) = 1.0/S~ RT (~~3S (E (I))+10.) 
IS

2’? 00 210 M=1,LT
MM = N + IO~~F
DO 210 L 1, M
IL = L + 10FF
C (M ,L) = 1.0
DO 200 I=I1C,ITC
IF ((I.LT.I!ST~ T (LL)).OR.CI.GT.I7~ TDP (LL ))) G O 10 2 0 0
IF ((I.LT.r7sr,~r( I , . .(t.GT.T~~&r)’(~w~~p ? GO TO 200
IL = I — I’STRTLL) 4 1
IPI = I — i Z S T~~T ( M l )  + 1.
C (M ,L) = C ( M ,L)  ~ W (I)~~W (I)~~Z(IL,LL)’Z (IM,’lM )

2~~0 C O N T I N U E
210 C (L,M) = C ( M ,L)

00 201 M=1,LT
MM = N + I0F~

’
A (M) = 0.0
DO 201 I=IIC,ITC
IF ((I.LT .IISTRT (l 4)).OR. (I.GT.11 T)P(MM))) GO 13 201.
IN = I — I7STRT (IM) + i S
A (M) = A CM ) • W (I)~~4(T)~~X (I)4!(IM,111)

201 CONTINUE
CALL MATIN~/ (~~,LT ,~~,t,DETERM . 5)
CALL D E R I VP (LT ,0E~~)
00 if 00 .:1,L T

1500 GR (L) G(L)
PRINT4-,” CA LL ING ?tJl ~D0M CN , ~~

‘ = ,F,” ~~~ = =  •‘ ,G
CALL FUNCLI)
I F ( M 1 — 3 )  2 U 6 , 1 0 i 1, 20 5

1011 Fl = F/(ITC—IIC— t)
DO 1005 L:1,LT 

S

REP F7’C(L,L )
1006 ERR L = S0RT AR S~~~E~~fl

S 2 (  F9 = F
S IF (F9.LT .FBEST) c9EST =

RETUPN
S EN D
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S SUBROUTINE OE’UV~~(LLTT, °ER)
C ...CtLCULATES O~~ IVA T I VES OF FU~CTI3N F(~~JN) WIT H CHANGE
C TN POSITION

REAL L P F , L O P E
DIP4EPSION PER (20
COMM CN/A C1/ 7 (2102 , ID) ,c S ( 2 102) ,I’~~T~~T (2 1) ,tZ ~~T0P (2 0 )  ,

X (21J0),W (2100) ,EV~1r’0), (20, 20), ~~ 20), G (2u , E~~R ( 2 0 ) ,  3EL,
2 REP , F , rBEST, _

~~~(2?) , ~D(22), I~~S, I~~~, I°~~E, tic , tic, I3F~
COMMON nATAl OI~~T(21OC ), 0UNT~~(?t3C , ~JlID, TODA Y , FREI, OFTEN ,

NOFTEN, r~C PA NM, LI, IJ, ISPE T, 1 HT, I~~~~,MA X EF,M4X P2
LT:LLTI
DO 9~ L=1,L1
IL = t. + I0~~F
DO 9L I:1,1AXP~’

~4 SS(I) = ?(I,LL )
ISAVI = I’STRT (L ..)
ISAV? = IZSTO P(L_ )
LOP LP (L) S

LOPE=LPF(L)
y=PEF (L)+r)EL S

LP (21) V 
5
5

LPF (21) (Y—FL3 ~~T(LP(71))) 10.0 
- 

S

Y=PEF (L)—OEL
LP(22) = V S

S 

LPF (22) = (Y— ~L 3AT (LP (22))) 10.~!
LP(L) LP(21)
LPF (1) LP~~C21)
CALL SMZFT (L)
PRINT~~,’ ~~ LLING IPN FPOM JERIVO , ~ = “,L, ’ F = “,F S

CALL FUN (LT)
FP = F
LP (L) LP(2’)
LPF(L)=L PF (27)
CALL SH I F T ( L
PRIPIT* ,” CALLING tJN F~’OM DERIV°, ?) = F
CALL FUN (LT) S

G (L)= (FP—P) /( 2.0’OEL)
00 9~ 1 1, IAX P2 S

95 7(1,11) = SS (t)
IZST~ T (LL) = Ic4VI S

IZSTCP(LL) = ISAV2
LP (L):LOP

~6 LPF (L) LO~~ERETURN
END

108
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SUBFOUTTNE S;41FT (_ 0)
C ...CONTRCLS INT~~~’OLAT !ON OF FRF . D E A K  F3~ SI~tFTINc FRACTtONS 

S

C OF C’4ANNELS
C ...CtNTRQLS INTE DOLATTON OF REr . PEAK FD~ SHIFTING FRACTIONS OF C

REA L LPF
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S

I X (21G0),W(2 100 ),E (’1fl U ),~~(20, ’0), 4(20), G (20), E~ F(20), r)EL,2 REP , F, RFST, P?(2~~), LP (22), 1~~3, ~~~~ IP~’E, IIC, tIC, 10FF
COMMON /~ A T A /  ~tST ?1 0r , 0UNTS (? 1)~~), ~JNID, DD AV , F-~ E~), O F T E I ,
I NOFTEN, N~~HAr4N, It, TJ, ISPECT , t~~11T, IE~~P,M A X ~~EF,MAX~~2L L O
L L = L  4 10F F
C1 LF(L) S

S C2=LPF(L)
U CI+C2/1 0.0 S

P8=IFR

~9=IFRE 
S

00 100 J= i, M A X F 2
1(0 Z(J,LL) = J.0

S e I 8~~+P9/tO .O
IF (Fl—U) ~00 ,I~~,) S

C SUBROUTINE SHIFTL L LE~ S THAN P.
9 J=i S

IZST~ T (LL) I
IF (IPRE—L°F (L)) 1 0,11 ,12

10 F = 10+IDP.E_LPF (_ ) S

I = JPR—L~~(L)
GO TO 14

1~1 F=0 .CGO TO 13
12 F = IPRE-L~~F (L)
13 I IPR— L~~( L) +1
14. Fl = Ff1 0.0
15 7(J,L1) R( I)  + Ft’ (~~(I +1)—R (I))I = 14- 1

J= J + 1
S IF (I—IRS ) 1-5 ,16,17 I

16 IF (J—11 ) 15, 1~~, i 7
17 I !STCP(LL ) = J — I

GO IC 23
C SU~ RCUTINE S P-IFTD 1. ~0UAL 

~ S

1~ DO 20 J:1,IRS
70 7(J,LL) = R~(J)

IZSTRT(LL) = I
TZSTOP (LL) IRS

S G0 10 23
C SUBROUTINE SHIFTR ~ LESS THAN L

310 1=1
H IF UPRE—LPF CL~~

I F = 10+I’RE—LP F (_ )
K = LP (LI—IPR+2 S

GO TO 5
2 F=Q .0

GO TO ‘.
F IPRE—LP F (L )

~ K LF (L)_IDQ +1
5 Fl = Ff10.0

S 

109
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IZSTRT (LL) = K
J = 1

6 7(J,IL) = R (I) 4 I’ (R (I+i)—R (I)I
1=1 +1
J=J +1 S 

- 

S

K K + l
IF (I—IRS) 7 ,7,3 i 5

~ I F ( V — t i C )  ~~,6 ,8
8 I?STOP (LL) = K — I
2! REIUF’~NEND

SUBROUTIME FUN (LT)
S C ...CALCUL4TES TF F JNC~~ION F W H!~~-4 t~ )Erl; MI~~IP~I~~ED...

PEAL LPF
COMM CN/A 01/ 7 (213 2 , I ) ) ,~~S ( 2 l02 ) ,I ’ T ~~T ( 2 r ) ,r’S T 1 P(2 0 ) ,~~(2 i 0 2 ) ,
1 X (2100),W (2130) ,~~(2I~~0) , (2 0,’C) , A (2 1) , c

~~2J , E~- - (2~~
) , DEL,

2 RE P, F~ FBE3T, _
~~~(2~’), LP (22), t~~S,  I~~~, IP~~~, i to ,  :ic, t 3~~

CO MMON /DA TAF oI~~r c’ 1or) , couNlc(2 130), ~JN i’)~ TOD~~Y , F~~E0, OF1~~-~,
1 NO FTEN, NC HANN , It , ‘J, ISPECT , FMT, IE~~R , M A X~~EF ,HAX D 2
F 0.C
DO 60 I=1,ITC 

S

~ 0 E(I) = 0 . 0
DO 70 L 1 ,LT 

-

11 = I7STRT (L+IO~~~)12 = I7STO~ (L+I D~~F )
S C~ 0 1 11, 12

J = -I — Il + 1
70 EU) = E (I) + AC _

~~~~(J,L#IOFF) -

DO 80 I=IIC ,ITC
Fl = (X (I)—E (I))’W(I)

~ 0 F = F + F14FI
PETUEN
END

SUBRCUTINE ARYOD~~(4,~~,N,L)
C OPOERS THE AP.~~4 Y A , AND MAKES S~~1E OFDE~~IN G TO ~ IF L=2.

INTEGER ~
DIMENSION 4 ( j ) ,o ) (j )

N P = N — t
S DO 50 I=1, IP

K = I + i
00 5 0 J
IF ( A ( I ) — A ( J ) )  50 , 60 , 20

20 IF (1 1) *0 ,LsO ,3C
S 

~0 ISAV = 8(1)

~(I) = B (J)
B(J) = ISA\1

t.I~ SAVE = 4(I)
A ( I)  = A (J)

S A(J) = SAVE
S E U  CONTINUE S

RE TU F N
END

110
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S SUBROUTINE MA Il (4 ,N S ’ V ~~,B,P1 S(I~~,) ET ,NP1AX )

DIP~EpS I0 N A ( N M A X , l S ) 1 ) , 3 ( P4 A X ,M~~J~~
)

DIMEPSION DI~JOT (t0C ) ,It~DEX (I00) ,t’t~/OT (1~~O )
E0U I V A L E~ CE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5 1 ( T E M ,S 4 A ~~
) S

DATA (IS MIF T=~~~~~), (MA~~K=ooJoaooo 7 7r’77?7~~)
C

N=NSUr~
M=MSU~

C
C IN ITIA LI7AT IC N
C

D~ iE~~M= 1. 0
00 20 1=1,1
IP IVOT ( I) = :)

‘0 CONTINUE
DO ~!0 1 i,N

S C
C SEARCH FOP. PIVOT EL ZMF NT
C

S A MA X = 0 .
S DO 1C5 J 1,N

5 TEM P=IFIVO T (J ).A ’~
fl ..~IO .MASK

IF(TEMP) 1J~~,60.
FO DO 1(0 K 1 , N

TENP=IPIVOT (V) .AN ’ ..lOT .MA SK
IF(TE~~P) 100,80

~ 0 TEMP=A~ S (A (J,K) )
IF(TFMP—AMAX) l0C ,3 ,8F~35 IROW=J
ICOL.UM=K

S 
AMAX TEMP

100 CONTINUE
105 CONT INUE

I N o Ex u) : I 1ocx c n4 ( rs u :F T~ IRow+I~~D~~J~~
)

J IROW
A MAX=A (J, I OL.UM)
OETEFM=A 14X CETE~~I

C
C MATR IX SINGULA R
C

IF (OFTERM) 11 0,500
C

110 PIv O i ( ICO LJM) = I NJEX ( ICO LUM)  .OR.~~1 f t X .A N O . .N O T .M~~~t(

C
C INTERCHANGE ROWS
C

IF (IFOW— ICOLJM ) i+0, 7F0
1~~0 OETEFM=— flETEPM

- 00 200 K 1,N
SWAP = A (J,K)
A (J,K)=A (I’~OLU” ,<)S 

A(ICCLUM,<)=S WAP
700 C O N T I N U E

DO 2~-0 K 1 , M
SWA P=8 (J,K)

111
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LJ~~V5T=PEV 5J: C. 0

LI ±:± 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ : 
I

9( ICCL UM ,K) SWA D
2~ 0 CONTINUE

C
C DIV I~~E PIVOT ROW
C

2~ 0 K ICCLUM
A ( ICOLUM , 0 = 1.3
00 3 ’O K 1,N
A ( I C C L U P - 4 , < ) ~~~( 1CJ_ U1 , K ) / A M A X

1~~ CONTINUE
00 370 K 1 , M

~ ( ICC L UM ,<) r~ ( I~~~LU’l , K) /A M AX
3 0  CONTI NUE

C
C REDUC E
C

DO 5E 0 J=1,N
IF (J—I COL UM)~.0U, 5 0

4 00 T A (J , IC3 Lf l~
)

A (J,ICOLUM ) 0.0 S

00 4~~0 K 1 , N
A (J, V) =4 U, K ) — ~~( I ~ 0LIJM , K) ~T S

430 CONTINUE
00 500 K=1, M
B(J ,~~) B(J, K ) — 1 ( I~~0L’ IM ,K ) T

500 CONTINUE

~EU CONTINUE
C
C INT EPCHANGF
C

6 0 0  00 71. 0 1 1 , ’-I
I1=~N+1—I
IRC=INDEX ( I i )  .A’ll . ~I~S~K
K IRC/ISHFT
ICOLUM I~~~ K’ISH I T
IF (K— ICOL ’Jl) 6r,0 ,Tli

~~ 0 DO 705 J=1,N
SWAP A (J,K)
A (J ,~~

) A ( J , ICO LL1~
) S

A (J,ICOLUM ) SWA ~
7Uf CONTINUE
710 CONTINUE

C
7~’0 0ET IDETE~ M

C R E TU~ N
ENTRY OMATIN V
R E T U FN

H END
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cUBR (UTINE O A V I O J  S

C ...TI-IS IS THE C J T ~~C)1 ROUTINE ~~~ THE VA ~~1A 0L~~—~~F T R t C  P~~~CI~~A S ’ F . ..

COMMON /~ 03/ H (2r ,21) ,~~(20) ,G (2O ),3 (10),K’(20),~~~ (2G) , T C ! I 3 ) ,
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 oELTA,E,N,~ s,Ir ,L,IHoLcc?o ),N~ s~ 1,Nssw2

S t r ~ M 1 1
IT = 0
F=0.C
C A L L  F C N ( N , G ,F , X ,~~1)

S 
IF N~ SW1 20,25,’r

‘0 W PIT E( c , ,~3) IT, MS,~GO TO 8L,0
1’0 M1=2
200 CALL REA JY

S PRINT~~,~ CA L_ ED 
~~~~ S~~DY L .,t.

GO TO ( 8 0 Q ,3C 0 ,500 ,~~0 0 ) , L
300 CALL AIM

PRINT~~,’ CAL .E1D A:M L ‘,L
GO TO (400,000, 5c 0, ;oo) , L

£~00 CALL FIRr
GO TO (500,E00, 3fl0 ,~~0t’~~, L

roo CAL L CRESS
IF ( 1T — 2 ~

) 1 2 0 , 5 ~~0, -i~~O
;co Ml = 3

GO IC 900
5 0 0  111=3

!F(N~ SW l)2 ’ , 2 5, 5?

‘2 WRITF (6,II)
510 DO 820 II:1,PsS 

s~~r W R I T F ( 6 , T )  ~H( It , JJ) ,JJ =1,~1)
830 WR 1T E (6 ,12 )  CEL T~.,~~,GS
5!.0 IF(N~ SW 1) 2~~,25 ,’

24. W R I T E (€ , 10) ( X ( I ) , I = 1 . , ”)
GO TO (5~~0, 8~~0, 8~~3 ) ,  ~ 1

8~~0 W RITE (6 ,13) (G ( I) ,t =i, kJ)
5 0  WP.ITE (6,~~

)
~~6 GO TO (120, 1 Z0 ,~~O 0) , Ml

300 IF (W.GT.1) CALL J~iER
CALL FCN (N, G ,F,X ,-11)

S ~0 RETUEN
3 FORMAT (ÔEI’ .’)
7 F0RMAT (1H08E1L~,5)
8 FOR PIA T (4.’-IDIT ~~~~~ ST~ ° I’~,4H ~:t ~~.5)
0 FO PM~~T’20H0 )

1 i~ FORMA T (3H 0~~~3EI4.~~/ (1H 1 ~
ti FORMAT (I 3HOFINA L v’ALUE ~~/1 3-10EPRJ~ ‘IIIRIX)
12 F0RM~ T (7L4OJ FLTA E1 4~.5 ,~~M F=E 1~~.5, 5 -I GS E 1U ,5)
~ i F 0RMA T(3H0G=oE1~..5/(3H0 8EI L,.5)I

EN3
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S SUBRCUTIIIE P.EAOY
CO MMCN /A’fl / ‘4(’L ,’1) ,Y(20),G(? ,;(20),~~’(2C),(P (20),T (?J),
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 O E L T A ,E ,N ,MS,!T ,L,I LD (20),N d1,NSc’W2

700 1=1
CALL MAT rIPY (K,N,H,G,S) S

00 205 I t,N
2q~~ S (1)=—S (I)

CALL MAT MPY(1,N ,~~,;,G~~
IF (CS +E) ~ 1C ,?~.C,2Ce 0

710 L 2
EL=2, 0
T0~ EL~~F/GS
IF (I0#E L) 213 , 213, 712

?12 EL=—T0
‘t3 S L = — G S

00 215 1 1,N
.I~ XP (I) X (I) ~FL’S (I)

CALL FCN (N ,GD ,rQ ,XP ,?)
CALL MATM PY (1,~hS,~~’,(VP)
IF (—GSP) ‘4C), 2 ,~”0

2~’0 IF (F—FP ) 2~.),2t.(,”~
2’S 1= 3

IF (NESWI ) 100 ,101, t 00
100 WR1TF (6,l)
101 F9 FF

DO 2~~0 1 1,N
G8 (I) =GP (I)
T ( I ) : X P ( t )

2 !0 CONTINUE
IF ( E L — 2 . 0 )  24 0 , ? !5,71. 0

2’S L~~.
OELTA =DELT A +CFLT ~
T0=1 • 0/SL

2?,0 PETU PN
1 FORMAT (10 U~~flFR SH0T)END

SUBROUTINE MATIP Y (M ,N ,H,G,S)
S DIMFNSIOP4 H (N,~~0),3(70),S (20)

‘00 00 720 11 I,M
S(II) 0.0
00 720  J J 1 ,N

S T’0 S(II)=H (JJ ,II)’r (JJ)~~~(II)
740 RETURN

END

114
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SU8Rc-UTIN~ A j i
COMMON /400/ H (’C, 2)) ,Y ( ? Q )  ,G (?fl) ,~~ ( 20) ,X~~(20) ,G2 (2C) ,T (20) ,
j GR(20) ,F ,( S , E L , S L , ~~p ,( S p , T 0 ,!,,, A ,C, S S ,: 0 , G Tp ,F r ,G T 1 , G S n ,
2 D E L T A ,E ,N,MS ,IT ,L,IHDLD (23),~1S 41,NSSW2

300 1 1
7=3.C/EL (F—FP) +~~S+~~~P
r~=A 9S (‘•S-IRT (1.0-U51!) (GSP/’)))
A= (0—2 +GS~~

) / (r~+l)_ 5 - s 5 5 p)
10 E1/ 3. 3’ ( ‘0 +10 +7 5 ’)  t’

F0=FF—T 0
CALL MATM PV (f4,N,W,G~~,T)
00 305 1 1 , N

30 5 T ( I ) = ( G s ~ / S L ) ’ S ( L ) — ~~( !)
CALL MATM PY (1 ,P4, ‘, G’, G~~P)
IF (T0 +TC 4GTF ) 115 ,31 0,310

310 00 312 I1 , N
12 T(I)=XP (IHA*(X(i ) — ‘~P (T))

GO TO 34.0
315 IF (F+F,GTD) 310,~~23,320
1’t~ 00 322 1 1,N
377 T (I)=T (I)4XP (I)

S CALL FCN (N,Gi ,F~~,T ,2)
IF (FO—FO) 310,325 ,325

125 L=3
IF (NESWI) 100,101,100

100 WRITE (6,t)
101 00 327 1t , N
377 S(I)=T (I)— XP(I)

S CALL MATMPY (1,N ,S, 1,C,TT)
Gil = C Ti -51 P
IF (Gil) 3~.0,330,33fl33 0 1=2
GSS=CTT
SL=—C-~tP
EL = I • 0

3e0 RETURN
I FoRM~ T (gHoUCOCH~~1)END

115
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SUBRCUTINE FIRE
COMMON /433/ 9(2C ,21) ,X (2O ),G (20l , (20) ,~~)(2G),

I
~~~(20) ,T (20),

1 G8 (20),F,GS , €L ,L , FP ,GSP ,T0 ,7,0,A ,GSS ,~~0,GTD ,F~~,GTT ,GS0,
2 oE1TA, E,N ,MS,tr,L,IHoL0 (2o),NCs~i1, NSSw2
FOUIVALENCE (TE l’ ,GTT)

‘.00 1 1
IEMP A/ (1.0-A)
CALL FCN (N,G !3 ,~~~,T,2)
CALL MAT 14PY (j,f1, ,G1,GS~~)
T0=F
IF (l0—FP) 403, ‘03 , 402

~i i2 10=FF

~~~ IF (T0—F13+E) ~.15, 
.,‘J~~, ‘.05

h ”~ GSS C+0
T 0 = G ~ B (TEIP -1.0/1~~1P)
IF (ABS (TJ)—’0) L~~3,t.1’,4i0

~. 1U 12
GO TO i,40

91 L 3
IF(FP—F) (,~‘5 ,~~20,~~?3

L.’0 IF(N~ SW1)t00,1G1,100
100 WRITF (6,1)
tot EL (1.0—A )’EL S

GSP=GS~) S

00 422 I=1,N S

XP ( I) T ( I)
GP (I)=G 0 (I)

~7? C O N T I N U E
GO IC

425 IF(N!SWI) 200,201,200
200 WRITF (6,2)
!“l FL=Et’A

F=F8
GS=GVB
00 427 I:1,N
X ( I)&T ( I)
G (I)=GP(I) S
“ CONTINUE

GO T O ‘.40 5

S !,‘U GSS=CSS+10
00 435 t=t,N 

S

S 

4’~ G (I)= (G8 (I)—G (I))’TEMP+ (GP(I)—G ~~(t))/TE ~~
4~’fl  RETURN

S 

I FO RPIAT ( 10 ’ IQ MOV E LEFT I
2 FORMAI (11HOMCVE ~IG1~~)END
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SUBROUTINE DRESS S
COMMCI N /403/ H (7C , 2)) ,~~(20) ,G(20) , $(20),X’(20),GP(20) ,T ( 2 3 )  ,

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 0ELTA ,E,N ,MS ,IT ,L,tHOLn (20),NSS~~t,NSSW2

‘~00 GO TO (505,520, 5~~~,52!), L
506 CALL P4ATMPY (N,N,k,G, X)

CALL MATM ~ Y(I,N,X ,C,,T0)
IF (TO—GSS’’2/SL-~~) 51r ,510,510

;io 00 512 II:1, N
00 512 JJ= 1,N

512 H (II,JJ):H (II,JJ) —X (I!)’X (JJ)/TO
DELTA :OELIA • (ELf ~SS~~T 0~
TO EL/GSS 

S

GO TO 52 !.~51r IF (NESW1)200,620,20~
700 WRITFC6,1

~‘0 DELTA :OELTA4 (EL L/5~~5)
T0=EL/GSS—t . t/SL

E~~5 DO 527 II:1,N
DO 527 JJ=1 ,P1

~ ‘, H (II,JJ) H(II, iJ)+TO’S (II)~~S(JJ)
530 11:11+1

F F B
IF(N~ SW1) 130, 101 ,100

100 WRITF (6,*) IT ,MS,?,~~S
1’)I DO 532 I=1,N

S 
G(I) G8(I)
X (1) =1 (I)

~ ‘? CONTINUE
IF(N !SW 1)  535, 5~ 0 , 5 5 5

S’S WR ITF(6 ,2 )  (X ( I ) ,I I, N)
WR ITF (6 ,3)  DELTA

5140 RETURN
I FORMAT (9H0COLINE ~ -U 

S

2 FORMAT (3H0X= ,oE1~~.5F(3~-10 ,~~E 1~~.3))
3 FORMAT (7H0O ELTA = , I t +.5/20H0_ )
S. FORMAT (4’IOIT ,14,7’i STEP ,I4,’.H ~:,E14.5,5H SS= ,E1 ’..5) S

END S

SUBRCUTINF OROFR
COMMON /403/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 0ELI A ,!,P.I,MS,IT,L,IHOLD (20),NSSII,~4SSW2 S

J C = N — t  S

00 100 I=1,JC
K I + 1.
00 100 J=K,N

S IF (FER (I)—PFR (J)) 100,100,60
co SAVE = PERIl )

PER (I) = DER (J)
PER (J) SAVE
SAVE = HH (I,I)
1*4(1,1) = ‘I H ( J , J )
I4H (J~ J) = S A V E
ISAV : IHOLO(I )
IHOLD(t) IHO LO (J )  

S

IHO L O (J) = I 5 A V
1~~0 CONTINUE

RETURN
END 117 
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Appendix I

Miscellaneous Plots

I
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Vita

John Robert Harstine was born on 14 February 1950 in

Tul sa, Oklahoma. He graduated from El. Dorado Hig1~ School

in El. Dorado, Kansas, in 1968 and attended the Lyman Briggs

College of Michigan State University from which be received

S the degree of Bachelor of Science in Physics in 1972. He

received a commission in the United States Air Force

through the ROTC program and began active duty in November

of 1972. After receiving technical training at Sheppard

Air Force Base, Texas, and Vandenberg Air Force Base,

California, he served as a missile launch officer in the

Titan II ICBM at Davis-Monthan Air Force Base, Arizona. He

entered the School of Engineering, Air Force Institute of

Technology, in August of 1977.

Permanent address. 1911 Arlington
S 

El Dorado, Kansas 67042
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