University of New Mexico

UNM Digital Repository

Physics & Astronomy ETDs Electronic Theses and Dissertations

7-1-1971

Increasing the Efhciency of a Surface lonization
Mass Spectrometer

Thomas Curtis Adams

Follow this and additional works at: https://digitalrepository.unm.edu/phyc_etds

Part of the Astrophysics and Astronomy Commons, and the Physics Commons



https://digitalrepository.unm.edu?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/phyc_etds?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/etds?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/phyc_etds?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/123?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalrepository.unm.edu%2Fphyc_etds%2F207&utm_medium=PDF&utm_campaign=PDFCoverPages

OF NEW MEXICO-GENERAL LIBRARY

i

Al4u425 919

B

s«

S781
w8 PR CY

NIDSRLLY



| EFFICIENCY OF A SURFACE IONIZATION MASS SPECTROMETER - ADAMS



THE LIBRARY
UNIVERSITY OF NEW MEXICO

Call No. Accession
Number
LD

3781
N563Ad19
COPa 2




W
0
o

PRINTED INU.S.A.













e sSsS

THE UNIVERSITY OF NEW MEXICO
ALBUQUERQUE, NEW MEXICO 87106

Poricy oN Usk oF THESES AND DISSERTATIONS

Unpublished theses and dissertations accepted for master's and doctor’s
degrees and deposited in the University of New Mexico Library are open to
the public for inspection and reference work. They are to be used only with
due regard to the rights of the authors. The work of other authors should
always be given full credit. Avoid quoting in amounts, over and beyond
scholarly needs, such as might impair or destroy the property rights and
financial benefits of another author.

To afford reasonable safeguards to authors, and consistent with the above
principles, anyone quoting from theses and dissertations must observe the
following conditions:

1. Direct quotations during the first two years after completion may be
made only with the written permission of the author.

]

After a lapse of two years, theses and dissertations may be quoted
without specific prior permission in works of original scholarship
provided appropriate credit is given in the case of each quotation.

3. Quotations that are complete units in themselves (e.g., complete
chapters or sections) in whatever form they may be reproduced and
quotations of whatever length presented as primary material for their
own sake (as in anthologies or books of readings) ALWAYS require
consent of the authors.

4. The quoting author is responsible for determining “fair use” of mate-

rial he uses.

This thesis/dissertation by SHDHRR. CIrtLs, Ao has been
used by the following persons whose signatures attest their acceptance of
the above conditions. (A library which borrows this thesis/dissertation for
use by its patrons is expected to secure the signature of each user.)

NAME AND ADDRESS DATE

Oct. 1965—1,000—GS







This thesis, directed and approved by the candidate’s com-
mittee, has been accepted by the Graduate Committee of The
University of New Mexico in partial fulfillment of the require-

ments for the degree of

Master of Science in Physics

INCREASING THE EFFICIENCY
Title OF A
SURFACE IONIZATION MASS SPECTROMETER

Thomas Curtis Adams

Candidate

Department of Physics and Astronomy
Department (

George P e 71 nnge\‘?]LPh D / 9

Dean

1=-1-11
Date
Committee
At N SN
Christopher P. Leavitt, Ph.D.
T 7, 9. — Chairman

-;. ] IR _,f"f Ad A ,’,r A
Richard M. Tisinger, Ph.D.

i &;Ksam;»ert Ph.D. %

Byron D Dleterle Ph.D.







INCREASING THE EFFICIENCY
OF A
SURFACE IONIZATION MASS SPECTROMETER

BY
THOMAS CURTIS ADAMS
B.S., University of Washington, 1956

THESIS

Submitted in Partial Fulfillment of the
Requirements for the Degree of
Master of Science in Physics
in the Graduate School of
The University of New Mexico
Albuquerque, New Mexico
October, 1970







ACKNOWLEDGEMENT

I wish to express my most sincere thanks to Dr. Richard M. Tisinger
of the Los Alamos Scientific Laboratory, whose guidance and assistance
throughout this project have been indispensable to the completion of a

rather formidable task.







INCREASING THE EFFICIENCY
OF A
SURFACE IONIZATION MASS SPECTROMETER

BY
THOMAS CURTIS ADAMS
B.S., University of Washington, 1956

ABSTRACT OF THESIS

Submitted in Partial Fulfillment of the
Requirements for the Degree of
Master of Science in Physics
in the Graduate School of
The University of New Mexico
Albuquerque, New Mexico
QOctober, 1970

iv
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An Avco surface ionization mass spectrometer (model 90,000) was
installed at the Los Alamos Scientific Laboratory in February, 1968.
Since that date this machine has been used as a production instrument
for the isotopic analysis of uranium and plutonium samples. During 1969,
it was realized that a problem inherent in the ionization mechanism of
the instrument was degrading the accuracy of results, and that the number
of man-hours expended in reducing data had become excessive. As soon as
this situation became apparent, corrective action was initiated to reduce
the effect of the ionization problem and to decrease the amount of
"people~time" required for data reduction. A relatively sophisticated
computer program called "SPECTRE" was written which has improved the
accuracy of published results, and which has released two people from
the tedious labor of hand data reduction. This paper describes the steps
leading to the successful conclusion of this effort, and analyzes the

completed computer program in some detail,
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CHAPTER 1

THE INSTRUMENT

The number of types of mass spectrometers in existence is exceedingly
large; therefore a rather comprehensive description of the Avco model
90,000 mass spectrometer with which this paper is concerned follows.

The Aveco instrument utilizes a single magnetic analyzer to
deflect an ion beam through 90 degrees with a 35 centimeter r‘adius.1
Figure 1 illustrates this ion path, and Figure 2 gives a reasonably
good idea of the relative sizes of the ion source, flight tube and beam

collector.

Magnet Ion Path

Pole Face

e \\Q{/
T
7 . N\

FIGURE 1. Ion optics of the Avco model 90,000 mass spectrometer,

The instrument at the Los Alamos Scientific Laboratory (LASL) is
used for isotopic analysis of small quantities of uranium or plutonium.

Elemental ions are generated and accelerated through an electrostatic

1Avc0 Mass Spectrometers 90,000 Series, Avco Corporation
Electronics Division, 2.
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thick lensing system to produce a beam which is very nearly parallel.
The ion bean is then passed through the magnetic analyzer with magnetic
flux density adjusted and source and collector slits set so that only
jons of a desired mass number reach the collector. Control during an
experimental run is obtained by varying magnetic flux density to select
different mass numbers.

As the title of this paper indicates, 2 surface ionization source
js used. A solution of sample material in dilute nitric acid is prepared,
and a known amount of this solution is then micropipetted onto two
vaporizing filaments and evaporated to dryness. After placing the fila-
ments in position, an electric current is passed through them, heating
the sample material and evaporating elemental atoms and ions of this
metal (U or Pu). These two side filaments are made of tantalum and
serve to produce an atom vapor. A center filament made of rheniunm is
also used. It is not treated with sample material and serves to ionize
a substantial portion of the atoms evaporated from the side filaments,

Figure 3 illustrates the physical arrangement of these filaments,

%.‘____. Vaporizing Filaments
H\ Ionizing Filament

‘ \-(-— Electrical Contaczts

ag— [Filament Holder

~—— 2

FIGURE 3., IASL filament arrangement.







Surface ionization offers 3 very real advantages over other methods
of ion generation (such as electron bombardment):

1. Positive ions are produced with a small energy spread.

2. Sample preparation is relatively simple.

3. Essentially all ions produced are singly charged, which fact allows
one to detect ions of a particular mass number rather than ions of a
particular charge~to-mass ratio.

This method has the serious disadvantage that ion emission is not

constant with time.

As mentioned earlier, an electrostatic lensing system is employed to
form a parallel beam of accelerated positive ions. The effective potential
through which these ions fall is held constant at a value of 10,000 volts.

The flight tube, a passage through which ions must move to reach the
collector, is evacuated to reduce scattering collisions with resident
particles. A gas pressure of approximately 5 x 10-8 torr is maintained
by pumping during normal operation.

The magnet is water-cooled and is capable of flux densities up to
10,000 gauss. Hall-Probe control permits adjustment to 0.5 gauss over
the whole range, and enables any given setting to be relocated within
2 gauss.2

At IASL, an 18-stage electrostatically focused electron multiplier
is used as a detector (collector).3 Interstage voltage is held at 110

volts for each stage. A gain of approximately 1.3 x 105 has been measured,

2Tbid., 2.

3&5 in the literature, the terms "detector" and "collector" are
used almost synonymously.







which is sufficient to drive a vibrating reed electrometer. With this
set-up, ion beam currents as small as 10-16 amperes can theoretically be
examined with reasonable accuracy, Isotopic abundance ratios of the
order of 10k]1 have been regularly measured. It should be noted that a
small mass effect has been observed. That is, the average number of
secondary electrons produced at the cathode of the electron multiplier
varies slightly with the mass of the impinging ion. It has been found
adequate to correct for this effect during data reduction.

Now that a general picture of the spectrometer has been established,
it is perhaps appropriate to briefly inspect the basic equations involved
(Gaussian form). Let the accelerating potential be V, thus allowing a
singly charged ion to acquire a kinetic energy eV. This ion will enter

the magnetic field with a discrete velocity which is given by
eV = % mv> (1)

where m is the mass of the ion, e is the electronic charge, and v is the
terminal velocity of the ion after acceleration. The magnetic flux
density B is perpendicular to the velocity vector of the ion, therefore
the ion under consideration will be deflected into a circular orbit.

Balancing forces yields

T T (2)

where ¢ is the velocity of light and r is the radius of curvature of the
ion path. Eliminating v from equations (1) and (2) yields a general

expression relating the magnitude of the magnetic flux density to ion







mass such that only ions of this mass will follow a path which passes

through the collector slit:

roj

2V m

B = s (3)

Hlo

Substituting values of r and V for the LASL spectrometer and the accepted

values of ¢ and e yields

& o
B gauss = (3 x 100 sec) 2 (10“1:011'.5) (1.66 x 10~2% am) (m amu)
S 300 volts (4.8 x 10" %tatcoulonb)
statvolt
1
B = 412 m? (%)

where the units of m have been changed to atomic mass units. Thus we see
that to pass an ion having mass number 235 requires a flux density
B = 412 V235 = 6316 gauss, and an ion of mass number 234 will reach the
collector if the B field is set at 412 VEBh = 6302 gauss, While these
figures are not accurate to the number of places given, the difference
between them (6316 - 6302 = 14 gauss) is quite representative of the .
change in flux density required to move from one mass number to an
adjacent mass number.

Finite source and collector slit widths mean that ions traveling
along paths other than the theoretical line path discussed thus far
will also reach the detector. Within reason, this effect is desirable
and results in an ion current of detectable magnitude at the collector.
In operation the spectrometer 1is centered on a given rass number by
varying magnetic flux density in the vicinity of the magnitude predicted
by equation (4) until a maximum output is observed. Py sweeping from
mass mumber to mass number it has been well verified that proper velocity

jons of adjacent mass number do not reach the collecter when the







spectrometer is centered on a particular mass number, The term "proper
velocity" is used in the preceding sentence because some ions will suffer
energy and direction changing collisions with particles resident in the
vacuum system during transit. Some of these will acquire a velocity Just
right to reach the collector even though they do not have the desired mass
mumber. These unwanted ions are compensated for, to some extent, by ions
of desired mass number which fail to reach the collector after experien-
cing collisions. It is important to keep the vacuum system operating
efficiently to reduce collision frequency.

To complete a general understanding of the LASL mass spectrometer
it is necessary to discuss the end result or product. With the instrument
centered on a particular mass number, the electron multiplier will pro-
duce a current proportional to the number of atoms of that mass number
present in the sample being analyzed. This current is passed through a
resistor to create a d.c. voltage which is fed to a vibrating reed electro-
meter. The signal is then appropriately scaled and the output of the
electrometer is graphically recorded on a moving strip chart. Such a
recording is obtained for every mass number for which there are atoms
present in the sample. One particular mass mumber is chosen as a ref-
erence, all recorded numbers are converted to a common scale, and atom
abundance ratios are calculated by dividing the value associated with each
mass rumber by the value determined for the reference. From this point
it is a simple matter to compute the weight percent of the total sample
represented by each isotopic species. Results are published (see Table 1)

which state the atom ratio and the weight percent of each observed iso-

tope.







TAELE 1. Result of a Typical Analysis

Mass Number
234

235 (reference)
236

238

Atom Ratio

0.0116 £ 0,0004
1.00000 £ 0.00000
0,00219 + 0.00008
0.057 + 0,002

VWeight Percent
1 | 0.04
2
.007
2

el

.08 +
93.3 %
0.206 +*
5 - -

=







CHAPTER 2

THE PROBLEM

As mentioned in Chapter 1, the only serious disadvantage inherent
in the surface ionization method of ion generation is that ion emission
is not constant with time. Total beam current falls off as time passes
because of sample depletion. Irregular long term fluctuations (longer
than 10 seconds) are often observed, and are attributed to complex heat
transfer characteristics at the side filaments., A moment's reflection
yields the inescapable conclusion that, if total beam current is not
constant, then a measurement taken at some particular time is proportional
to the atom abundance of the isotope in question only with respect to
total beam current at that time. The ratio of such a measurement to
another measurement made for the reference isotope at another time when
beam current was different certainly does not give the atom abundance
ratio of these two species!

One way to eliminate the problem of changing beam current is to
build a dual collector. By measuring the ion currents contributed by
two different isotopes simultaneously, it becomes a trivial job to cal-
culate the relative abundance ratio. This method has drawbacks. An
additional set of detecting, amplifying, and recording equipment is
required. Calibration of the relative gain of each of the two channels
can be troublesome. Physically mounting a second collector on an al-

ready established instrument requires careful planning and time.







At LASL neither time nor funding was available to install a dual
collector, and an alternate solution was initially adopted. A large
number of reference isotope measurements were made during each analysis.
It then became possible to infer from the strip chart, which showed the
reference measurements in their proper time relationship, what the
reference isotope measurement would have been at any time (see Figure 4).
With this information it was possible to divide any measurement by the
value for the reference isotope obtained from the strip chart for the
same time, and to obtain a fairly accurate value for the isotopic ratio
associated with that measurement. By repeating the measurement of each
isotope several times (6 to 8) large errors were averaged out and meaning-
ful answers obtained.

It wes only after this system had been in use for about 6 months
and a sufficient number of standardsl had been run that it became clear
that the accuracy of results was not adequate. The girl reducing the
strip chart information simply was not able to draw in the complete
reference isotope curve with sufficient accuracy. Also, a background
measurement taken immediately before and after each isotopic measurement
had to be averaged and graphically subtracted from the isotopic measure-
ment. None of the background correction techniques attempted proved to
be completely satisfactory.

A second and equally serious problem occurred in connection with
data handling. The Avco mass spectrometer at LASL is a production instru-
ment used to analyze approximately 800 samples a year. During most of

1969 one person was involved half-time in reading strip charts. During

1Standards are isotopic samples of accurately known composition,
usually supplied by the National Bureau of Standards (NBS).

10
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a single analysis many measurements of each mass number present were
taken to eliminate bad measurements and to obtain sufficient information
for error statistics; and the reading of the resultant strip charts was
a time consuming job. Another person was employed full time in performing
calculations and determining statistical uncertainty. A secretary de-
voted a significant portion of her time to typing the correspondence
necessary to disseminate results. The number of man-hours expended in
checking numbers and proofreading correspondence was appreciable.

An instrument producing information required by other organizations
to successfully accomplish their assigned tasks cannot be allowed to
shut down, To solve a severe manpower problem while at the same time
improving the accuracy of published results, all without spending any
money, is not an easy proposition.

A major step forward occurred when a counter with paper tape
digital output which had been originally purchased for use with the
Avco spectrometer was rediscovered.z This subsystem had been in use
when the Avco was first employed, but was universally disliked and dis-
trusted by the spectrometer operators. The counter did nothing more
than total the number of pulses of the output signal from a voltage-to-
frequency converter driven by the vibrating reed electrometer for some
set period, usvally 10 seconds. The operator had to manually adjust the
scale factor dial, set a mass number indicator, position a switch to a
special setting if the mass number being measured was to be the reference

mass number, and push a button to print this information on tape. Then

2This digital system had been used under a previous supervisory ad-
ministration. The reasons stated for its lack of success and subsequent
fall from favor have been obtained from the operators themselves and
from results published during the period of use.

12







the operator successively adjusted the magnetic field to record the
first background, the mass number center measurement and the second
background.3 Measurement times were automatically recorded.

The operator had to complete this procedure for each measurement
of each mass number, while at the same time annotating the moving strip
chart, Time between successive measurements averaged between 40 and 80
seconds.

When the digital output system was first used, occasional
operator errors in positioning the many adjustable indicators destroyed
both results and operator confidence. A straight line approximation was
used to obtain reference isotope values corresponding to the times of
measurement of other mass number isotopes. Results were poor, and the
project was abandoned in favor of a return to the strip chart method.

Nevertheless, the rediscovery of this equipment was of the greatest
importance. The obvious way to solve the existent manpower problem was
to have the large computers at the LASL Central Computer Facility do all
the calculational work, and computers require digital data. It remained
necessary to figure out a procedure to make the operator's job tenable,

and a method whereby the computer would produce more accurate results.

3One background would be taken at a mass number setting slightly
less than that for the isotope being examined and the other at a setting
somewhat higher than the setting for this isotope.

13







CHAPTER 3

EARLY ATTEMPTS AT A SOLUTION

The first step in solving the problems associated with the Avco
mass spectrometer was to place the paper tape digital output system back
into business. To make the operators' lives less hectic, several un-
necessary manual operations were eliminated (e.g., positioning a switch to
indicate if the mass number being measured corresponded to the reference
isotope), and the remaining operations were ordered and simplified. An
excellent least-squares curve fitting routine1 was located, and program
SPECTRE was conceived.

Before the first line of SPECTRE was written it was necessary to
define in general terms the architecture the finished program was to
possess. The basic idea was to let the computer do the same job the
strip chart analyst had been doing graphically (hopefully the computer
would perform with greater accuracy). That is, the computer would ex-
amine the set of measurements belonging to the reference isotope and the

times at which each measurement was taken, and would then use the already

lThis least-squares routine was written on October 15, 1959, by
R.H. Moore and R.K. Ziegler of the Los Alamos Scientific Laboratory. It
was initially distributed as LASL Report Serial LA-2367 with the title,
"The Solution of the General Least-Squares Problem with Special Reference
to High-Speed Computers." The original routine has been modified many
times by many people, and acquired the name "PACKACE" at some stage of
its evolution., For this application it was extensively meodified and
greatly reduced in length, thereby receiving the name "PARCEL."

14







extant least-squares subroutine to fit a curve to these experimental
points. The program would also examine the background readings and
correct all isotope measurements accordingly. It wes decided to break
SPECTRE down into a relatively short parent program and several subroutines
so as to make debugging and future change as simple as possible, The
modular flowchart contained in Appendix C, section I, is essentially a
block diagram of program SPECTRE as it was initially conceived, with the
exception of subroutine FEMO which was a later addition. At this point
it would be wise for the reader to look at Appendix C.

That portion of program SPECTRE which caused the greatest concern
early in this project was the least-squares curve fitting subroutine,
called "PARCEL" (see footnote, page 14), A mathematical function of the

form
YT = £(P(1), P(2), P(3), P(4), Z) (5)

has to be supplied to subroutine PARCEL, where YT is reference value, the
P(i) are constant parameters to be determined and 7 is time.2 PARCEL
then returns the values of the P(i) which yield the best fit. Once in
possession of these parameters it is possible to use Equation (5) to
calculate a reference value (2lso called a "reference peak height") for
any desired time. Isotope abundance ratios can then be calculated by
dividing each isotope measurement (often referred to 2s an "isotope peak
height") by the reference peak height obtained for the same time. The

problem arises when one attempts to pick a function.

2From this point on upper case letters are used for all variable
names and symbols, even though occasionally contrary to standard practice,
in order to remain in close accordance with the program listings which
are restricted to upper case lettering (Appendices C through F).

15







Three sets of actual data were selected where measurements
associated with the reference mass rumber (235) varied with time in the
wildest manner ever observed. It was felt that if a function YT could
be found such that a good curve fit would result for each of these three
experimental runs, then that function would work for any experimental
run, HNumerous polynomial and exponential functions were tried. The
P(1) were allowed to become exponents as well as coefficients in many of
the functions attempted. Some of the failures were spectacular (see
Figure 5). For the most part, however, the fitted curves followed the
experimental points fairly well, Fairly well was not good enough.

A brief digression is again in order, By this time everything
possible was being done with the aid of the computer, including the

print-out of all trial curves. A typewriter plotting routine was located

Reference
Peak
Heisht, YT
(arbitrary
units)
2 X 106 -
!
1 ¥ 106 —l :
S0 Ze0 Time, Z (seconds)

FIGURE 5. An unsuccessful reference curve fit.
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and highly modified to plot both experimental points and the fitted
curve.3 This code, called subroutine "Graphic", enabled trial curves to
be seen and trial functions to be evaluated quickly without hand plot-
ting (see Appendix F, pages 130, 132, and 134). Such typewriter plots
are actually produced by high speed printer equipment attached to the
computer and are available much more quickly than plots made on con-
ventional x-y plotters or photographic plotting devices.

Meanwhile, the thought had occurred that if the reference isotope
curve were fitted in smaller segments the fit should be better. Some
segmented fitting was already being done. Occasionally during a run the
beam current would fall to an unacceptably low level and the operator
would increase the current through the two evaporative filaments to raise
ion beam intensity. When this event occurred all measurements following
the increase in filament temperature (FILTEMP) had to be considered
separately when obtaining individual measurement ratios. A new program
section was written which assigned synthetic FILTEMPs to each measure-
ment so that the reference peak height curve would be fitted in sections
of four to eight reference measurements each. The function (a modified
Gaussian) which had been giving the best results to date was inserted
and the refurbished source deck submitted to the computer. The results

were very discouraging.

3This routine, by reputation, was plagiarized from a graduate
student at Princeton who in turn had plagiarized it from some other
source. Not knowing where credit belongs, the current version here at
LASL is called "GRAPHIC" and is used without reference to antecedents
or credit,
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CHAPTER 4

SUCCESS AND THE LETTER

After considerable soul-gearching, it was concluded that perhaps a
polynomial might be more efficient at handling the shorter segments, many
of which did not resemble any portion of a Gaussian curve. Almost im-
mediately a number of functions were found which gave excellent results.,
Several weeks were required to arrive at a choice, and as arbitrary as the
selected polynomial may appear, it gave the best overall fit for all data

selections tested:
v = pUz 2 + p(2)2 M2 & p(3)2? 4 peuyadI? (6)

Typical values for the P(i),i=1,4, may be found in Appendix F, pages
129, 131, and 133.

At this stage the "Weight Percent" column shown in Table 1 was not
regularly included in the published report of a completed sample analysis.
A survey of users revealed that several were performing the conversion
from atom ratio to weight percent by hand, as they required this infor-
mation on a routine basis.

During the survey just mentioned the group secretaries were asked
to comment on procedural changes that might make their job easier or which
might result in less delay in mailing the results. None of the relatively
large number of suggestions received was of real value, but the volume

caused one to ponder the possibility of having the computer write the
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entire report.

As a result of this survey, subroutine MEMO was written and added
to program SPECTRE., The coding necessary to have the computer calculate
weight percent as well as atom ratio for each mass number examined was
straightforward. Programing to have the computer write the letter report
took considerably more effort. In having the computer draft a letter,
it was necessary to program a good many logical decisions so that the
computer could pick and choose the proper items to be included in any
particular report. The distribution, for instance, varies widely depend-
ing on sample type. It was also necessary to ensure that the report was
compositionally correct and consistantly in a format acceptable to the
clerical staff, group and division leaders, and to the users (no easy
task). A copy of the computer report as programed in subroutine MEMO
and as presently used appears in Figure 6.

When this report is returned from the computer, it is only
necessary for the Supervisor of the Mass Spectrometer Section
(Dr., R.M. Tisinger) to indicate his approval by initialing the
signature block. The secretary on duty will then add a group symbol ,
Xerox an appropriate number of copies, and send the report on its way.

Today such letter reports are being published at the rate of
approximately 800 per year. If one counts the 6 copies of each report
(average) sent to different users as separate reports, then it is fair
to say that program SPECTRE produces almost 5000 highly accurate mass
spectrometer analysis reports each year and requires essentially no

hand labor once the spectrometer run has been completed.
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LDS ALAMOS SCIENTIFIC LABCRATCRY
UNIVERSITY CF CALIFORNIA
LOS ALAMOS, NEWk MEXICO 87544

OFFICE MEMORANDUM

T0

.

DISTRIBUTION DATE: 4 SEP 70

FROM ¢ Re Mas TISINGER

SUBJECT: MASS SPECTROMETER ANALYSIS SPECIAL )
( SAMPLE SERIAL NUMBER )
(NBS-930 )
SYMBOL =

AN ANALYSIS OF THE SAMPLE DESCRIBED ABOVE WAS COMPLETED
CN 31 AUG 70. THIS ANALYSIS WAS PERFORMED USING THE AVCC
MASS SPECTROMETER. RESULTS ARE TABULATED BELOW WITH UNCERTAINTY
EXPRESSED AT THE NINETY-FIVE PERCENT COMFIDENCE LEVEL. ATOM
RATIO 1S THE NUMERICAL RATID OF THE HUMBER OF ATOMS OF SPECIFIED
MASS NUMBER TO THE NUMBER OF ATOMS OF MASS NUMBER 235.

FASS NUMBER ATOM RATIO WEIGHT PERCENT

234 01165 +~- « 00039 1.0822 +- «0361
235 1.00000 +- 0.000CO 93.2936 +- <1672
236 :00219 +- 00008 + 2055 +- «0073
238 «05735 +~ . 00186 5.4187 ¢- «1757

Re M« TISINGER
GROUP W-7
DISTRIBUT ION:

W= T We He CHAHBERS
W= 7 Re Ms TISINGER

FIGURE 6, The computer produced letter report of program SPECTRE.
This particular example of the SPECTRE report was produced along with
the material contained in Appendices E and F, A description of the
sample material used may be found in Appendix F, pages 124 and 139.

20







CHAPTER 5

PROGRAM SPECTRE

The background for this program has been covered in preceding
chapters. Program variables, flowcharts, a program listing, and an
example of standard output are contained in appendices. Several
important aspects of this program, however, remain to be discussed.

Program SPECTRE was not coded in the American Standards Association
(ASA) FORTRAN IV programing language. It was coded in a version of
FORTRAN IV espoused by the Control Data Corporation (cDC). While these
two languages are essentially similar, several very important differences
exist: ASA FORTRAN IV may be used on almost any computer. CDC FORTRAN IV
is usable only on those few machines especially programed to accept this
language. The CDC version permits 7-character variable and routine names.
The ASA version allows a maximum of 6 characters in such names. Buffer
handling statements are not the same., The methods of writing and
operating with logical arithmetic statements are quite different. Other
differences exist.

This discrepancy is not fatal. If one were to attempt to compile
a SPECTRE source deck on a machine other than the CDC-6600 or CDC-7600
machines at LASL, strange things would occur. Most other machines will
truncate all names to 6 characters. All other machines will print
diagnostic remarks to be identified with program statements which are

not understood. A good program analyst could then correct the imperfect
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statements and rename the variables and routines having names requiring
changes. The corrected source program should then compile properly and
the new user would have a viable program similar to SPECTRE.

The author learned his programing from scratch, and now knows
enough to do future coding with ASA standard programing languages
exclusively.

Two different criteria have been used for the identification of
anomalous measurements. Chauvenet's Criterion was initially applied, and
was felt to have resulted in the elimination of good data.l Grubbs! table
for a 10% 2-sided significance level has been used for the past several
months, and has proven eminently satisfactory.2 When using a 10% 2-sided
significance table, the desired result is that there will be only a 10%
probability of erroneously rejecting a good observation from either the
high or the low measurement side. It should be pointed out that both of
these criteria are based on an assumed normal (Gaussian) population or
distribution. It has been recognized that mass spectrometer measurements
are not normally distributed, but it is felt that the actual distributicn
is sufficiently close to normal so that it is reasonable to apply such
criteria.

Computer time is expensive, The computer run made to obtain the
material for Appendices E and F required exactly 8.8 seconds of central
processer time. If program SPECTRE were run 800 times each year with
similar data, less than 2 hours of computer time would be used annually.

SPECTRE is economical.

1Yardley Beers, Introduction to the Theory of Error, 23-24,

2Frank E. Grubbs, "Procedures for Detecting Outlying Observations
in Samples," 2-5.
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Tnitially it was decided that a basic 3% error plus a calculated
statistical uncertainty (expressed at the 95% confidence level) would be
shown for each isotope atom ratio listed on the published report. It was
hoped that as experience was gained the magnitude and nature of non-
statistical errors inherent in the procedure and material system would
become apparent, and could perhaps be eliminated. It was intended that,
when the magnitude of the actual irreducible nonstatistical error became
known, the 3% arbitrarily assigned error should be accordingly reduced.
While it was realized that assigning too large an uncertainty could be as
bad as assigning too little, in this instance it was most important to
the users that the accuracy of results be evaluated pessimistically. The
numbers appearing in Figures 6 and 16 include the aforementioned
arbitrary 3% error.

Recent checks against NBS standards have indicated that the non-
statistical error is now less than 1% (compare the numbers stated for
weight percent on page 138 with those given on page 139). The maximum
uncertainty considered acceptable for Avco mass spectrometer results

is 14. SPECTRE is now producing consistantly accurate and timely results.
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CHAPTER 6

CONCLUSIONS

I shall use the first person throughout this chapter, as the
opinions expressed are entirely my own.
There was a time when the mass spectrometer was almost exclusively
a tool of the chemist. That time has passed. At Los Alamos, the
Supervisor of the Mass Spectrometry Section, Dr. R.M. Tisinger, is a
physicist, as is his principal assistant, The other national laboratories
with which I am familiar have physicists, as well as scientists from
other disciplines, attached to their mass spectrometer organizations.
Today, the mass spectrometer must be considered, among many other things,
as a research instrument for the physicist,
A report recently published by the National Academy of Sciences
contains the following note:
Experience at Brookhaven and Berkeley has shown that a programmer [qig]
can produce between 10 and 20 debugged and documented lines of pro-
gram per day, depending on such factors as experience, when he is
working.on reason§bly straight forward progragming. When working on
a complicated monitor system he would be considerably less productive,
A quick count of the number of lines in program SPECTRE, skipping comment

statements and ignoring subroutines PARCEL and GRAPHIC which were not

wholly written for use with SPECTRE, yields the figure 380, Assuming the

Yon-Line Data-Acquisition Systems in Nuclear Physics, 1969,
National Academy of Sciences, 15,
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statement quoted on the previous page is accurate, then an experienced
programer working at his maximum rate would have taken 19 full working
days to wwrite SPECTRE. I knew absolutely nothing about computers or pro-
graming when I started this project. It took me longer than 19 days. By
the time modifications necessary to make PARCEL and GRAPHIC function with
SPECTRE were completed and the entire program wes put on-line as a tested
and proven piece of production software, I should estimate the time ex-
penditure as close to 6 man-months and the work involved as more than
would have been required for 15 hours of course-work (exclusive of the
time spent producing this report).

Six months of effort must be balanced against what was accomplished.
The staff-member who was engaged full-time reducing data has now been
assigned to another task which cannot be done by a machine. The girl who
vas working half-time reading strip charts was caught in the recent person-
nel reduction at LASL and was discharged. The secretaries who used to type
800 reports each year have expressed their appreciation on several
occasions. The users have commented in writing that report accuracy is
noticeably higher, that they are receiving results promptly for the first
time, and that the weight percent column in the letter report has saved
considerable "busy-work" on their part. I have become somewhat pro-
ficient in programing and in using a computer for data handling and
analysis. I have also learned a great deal about mass spectrometers and
their employment., It is perhaps also fair to say that I have gained some
knowledge of technical report writing. I am more than satisfied.

SPECTRE is not the end. Improvement must continue., While program
SPECTRE has placed the LASL Avco mass spectrometer on a par with the best

of the dual collector machines, this instrument should be able to handle
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a larger rmumber of samples daily, ard accuracy could be further improved.
The next step will most probably be to change from magnetic field to
electric field control. That is, instead of varying the magnetic flux
density to determine which mass number reaches the collector, the ion
accelerating electric field will be adjusted to accomplish the same result.
The advantage in making this switch is that the change from one mass
nuriber to another can be made much more quickly without having to fight
the tremendous inductance of the magnet coils. As soon as funding is
available it is planned to interface the spectrometer to a small local
computer. Rapid mass number selection under computer direction and con-
trol should greatly increase accuracy and sample through-put, and will
have the additional advantage of allowing some degree of on-line data
reduction.

I have enjoyed this project in all of its facets without reservation,

and I look forward to the next.
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APPENDIX A

FLOWCHART SYMBOLS

A flowchart is a diagram that shows the operations performed in an
information processing system (usually a computer), and the sequence in
which these operations are performed. Appendix C contains a meodular flow-
chart for program SPECTRE, which stresses the logic flow of the program
and its principal subroutines. Appendix D contains a detailed flowchart
for program SPECTRE, which illustrates every step performed throughout the
entire program.

It has long been recognized that uniformity in the meaning and use
of symbols would enhance understanding and utility of the flowchart. To
this end, the International Organization for Standardization (ISO) published

a document entitled, Recommendation on Flowchart Symbols for Information

Processing. The United States of America Standards Institute (USASI) has
also promulgated a recommended set of flowchart symbols. Large companies
in the business, such as IBM and CDC, have distributed manuals with their
versions and their recommended extensions. All of these suggested groupings
of flowcharting symbols are similar, but none are identical,

An effort has been made to use only those symbols common to all of
the major recommended groupings. The flowchart contained in Appendix D was

computer produced directly from a complete SPECTRE source program by a
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TABLE 2.

1. Process

2. Comment/Annotation
(non-standard)

3. Predefined Process/Subrcutine

Input/Cutput

Connector/Transfer

Exit

Decision
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standard flowcharting code called "AUTOFIOW.“l

It was impractical to re-
move one non-standard symbol from this flowchart; therefore, the comment/
annotation symbol has been plainly marked "non-standard" in Table 2 and has
been used in the flowcharts appearing in both Appendix C and Appendix D.

An illustrated listing of symbols to be used, such as appears in
Figure 2, is really not sufficient for complete understanding of the use
of these symbols. The remaining paragraphs of this Appendix will be em-
ployed to explain in detail the specific varities of symbol usage. |

Each flowchart symbol, except for certain unconditional transfers,
has a symbol number which is printed above and to the right of the symbol.
Within each flowchart page (in Appendix D each flowchart page takes up two
physical pages), the symbols are numbered consecutively starting with 1.

A symbol may also have a FORTRAN statement number associated with it. If

so, the number is printed above and to the left of the symbol.

136 | 12

FIGURE 7. Symbol number 12. This symbol is associated with FORTRAN
statement number 136.

If a symbol initiates a new path of flow, meaning that control does
not pass down from the previous symbol, then the FORTRAN statement rumber

associated with the symbol initiating the new path is printed in a small

1AUTOFL0W was produced by Applied Data Research, Inc., of Prince-
ton, New Jersey, for use at Goddard Space Center, Greenbelt, Maryland.
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box above the symbol.

135

12

FIGURE 8. A symbol which begins a new path of flow., Symbol number 12
corresponds to FORTRAN statement number 135 in the source program,

Many references to symbols are shown in the form xx.yy where xx is
the flowchart page number2 on which the symbol appears and yy is the
number of the referenced symbol. If the symbol is on the current page,

the xx is omitted and only the symbol number is printed.

135

FIGURE 9. A connector or transfer. This transfer has been generated by
FORTRAN statement number 95. Control is being transferred to symbol num=
ber 12 on flowchart page 18, which corresponds to FORTRAN statement number

135 in the source program.

When a call is made to a subroutine, the flowchart page and symbol

number at which the subroutine flowchart begins are included within the

2In Appendix D the flowchart page number is assigned by the computer
and is different from the usual physical page number.
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predefined process/subroutine symbol generated by the call statement, If
the word NONE appears instead, then a flowchart of the subroutine being

called does not exist at the flowchart level under consideration.

CALL SUBROUTINE FITCURV

FITCURV

O« MW
= O« MW

FIGURE 10, Symbols used to call a2 subroutine. A flowchart for subroutine
FITCURV may be found starting with symbol number 1 on flowchart page 32,

An example of the decision symbol is shown in Figure 11, Each
possible path leading from the decision is labeled according to the con-
dition it represents (HIGH, LOW, EQUAL, YES, NO, etc.). If possible, a
line is drawn to show the path to the specified destination. If a line

cannot be drawn, then a connector/transfer symbol is used.

LOW

EQUAL

FIGURE 11. A decision wherein A is being compared to B. Note that, if
A is low, then the path followed goes to the 13th symbol on flowchart

page 9.
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Additional information is provided through the use of in-connectors.
An in-connector indicates that there is a transfer of control to that

symbol. from the symbol specified by the in-connector.

8.04
13

FIGURE 12. An in-connector. The in-connector illustrated indicates
that control is transferred to this point from the fourth symbol on
flowchart page 8.

The detailed flowchart contained in Appendix D uses asterisks to
convey information. If there is more than one transfer to a given point,
the in-connector at that point will contain an asterisk following infor-
mation describing the first transfer. An asterisk found imbedded in a
connecting line means that there are additional transfers to the terminal
point of the connecting line besides that shown by the line itself. In
both of these instances information describing the other transfers may be
found in the cross reference listing immediately preceding the flowchart
in Appendix D (a2 further discussion of this cross reference listing may

be found on page 51, paragraph 1).

32







12

- T NO
P R e

13

.8

14

FIGURE 13. An example of the asterisk convention. The in-connector in-
dicates that control is transferred to symbol 13 from symbol 4 on page 8.
The right most connecting line indicates that for the YES condition con-
trol is transferred from decision symbol 12 to symbol 14. The asterisks
found in each of these lines mean that there are transfers to symbols 13
and 14 other than those shown.

Column break indicators are used to show that the flow has been
broken because the bottom of a column has been reached. In all such

cases the flow is continued at the top of the next column,

g

14 15

/.__._/

FIGURE 14. Column break indicators. These indicators show that control
passes from the left to the right column,
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APPENDIX B

VARTABLE MEANINGS

Meanings for all of the variables used in program SPECTRE are given
in the following list. This list is divided into four sections: one
section for the parent program and a section for each of the subroutines
FITCURV, ANALYZE and MEMO. In those cases where a particular variable is
used in more than one routine, it is defined only in the section pertaining
to the routine of first use. Several variables change meaning during the
course of the program's logic flow., Such variables are redefined at the
point in the 1list where the change takes place. Within a section, variables
are defined in strict order of appearance in the detailed flowchart con-
tained in Appendix D.

It should be noted that seven-character variable names are occa=
sionally used, in direct conflict with the American Standards Association
(ASA) standard for the FORTRAN IV computer language which specifies a

maximum of six characters (see page 21, paragraph2 ).







I,

Parent Program Variables

Name
TITLE (1)

TITLE (2), (3), (&)

TITLE (5)

TITLE (6)

TITLE (7)

TITLE (8)

FILTEMP (I)

SCALE (I)

MASS (I)

Meaning
is the date of the mass spectrometer run.

is the assigned serial number of the sample
beingz analyzed.

is sample type (PRESHOT, POSTSHOT and SPECIAL
are the only types permitted).

is shot name when a specific test shot is
involved (e.g., TRINITY).

is the spectrometer used in the analysis
(e.g., AVCO).

is the name of a person to be added to the
distribution list (at present only ANDERSON or
JAYNES are allowed).

is the seaquence number of the filament
temperature at which the Ith measurement was
taken. That is, if the thirteenth measure-
ment were made with the filament temperature

?dj?sted to its second value, then FILTEMP
13) = 2.

is an integer which indicates the scale of
the ITth measurement (1< SCALE (I)<10).

is the mass number associzted with the Ith
measurement,
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10. HOUR (I,Jd)

MINUTE (T,d) % ;;:szzgmgﬁzstltuents of the time of the I,Jth
SECOND (I,Jd) 2
11. SUMTTME (I,d)" is the duration in seconds (integration time)
of the counting period of the I,Jth measurement.
12.  PEAK (I,d)" is the value of the I,Jth measurement (total
pulse count or counts per second).
i 55 b N is the total number of peak height measurements.
14. K, KA, KB, and KC are convenient indices used in connection with

a data printout.

15. BACKGND (I) is a calculated background value for the time
of the Ith pezk height measurement.

16, PEAK (I) is the value of the Ith peak height. This value
has been corrected for background and has been
adjusted to a common scale.

17. TIME (I) is the time of the Ith peak height measurement
normalized such that TIME (1) = 2000 seconds.

18. 4 is changed at this point to the sequence number
(index I) of the first measurement belonging
to the FILTEMP segment under consideration (see
variable 24 on the following page).

o Nk is the sequence number of the FILTEMP under
consideration.
205 M is the sequence number of the synthetic FILTEMP

segment under consideration.

*

J = 1 refers to the preceding background measurement.
J = 2 refers to the peak height measurement.
J = 3 refers to the following background measurement.

The term "measurement" has been used somewhat ambiguously to refer in
some instances to a group of two backgrounds plus a peak height (index I),
and in other cases to refer to just one of these three (index I,J). This
ambiguity soon disappears, as peak height is corrected for background
immediately after data printout, and the term "measurement" refers to a
unique peak height (index I) from that point on.
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21,

22,

23.

24,

25,

26.

NREF

KEEP

KOUNT

JUMP

INVERT

(or peak height).

is a counter used to count the number of
reference measurements processed at various
program stages.l

is the sequence number (index I) of the last
measurement belonging to the FILTEMP or FILTEMP
segment under consideration.

is the total number of measurements taken at
the FILTEMP under consideration.

is the number of segments into which a group of
measurements taken at the FILTEMP under consider-
ation is to be divided, This division is pro-
grammed so that the reference peak height curve
will be fitted in sections containing between

4 and 8 reference measurements each. When KOUNT
equals O or 1 then the group of measurements is
to be left undivided.

is an indicator which is set to value 5 whenever
the next segment is to contain 5 reference
measurements.,

is a counter which counts from N down to J and
is used only a2s an index for other variables.,

Lprom this point on 2 distinction is made between the terms
"yreference measurement" (or peak height) and "isotope measurement"

"Tsotope" is to be understood to apply to all mass

numbers except the reference mass number, "Reference" is to be used
only in connection with the reference mass number.
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IT

1-

10.

11.

12,

13,

Subroutine FITCURV Variables

Name

START

FILNUM

TOTAL (K)

COUNT (X)

REFPEAK (I)

REFTIME (T)

M

ISOPEAK (K ,M)

ISOTIME (K,M)

REFVALU

RATIO (K,I)

Meaning

is the sequence number of the first measurement
belonging to the FILTEMP under consideration.

is the sequence number of the FILTEMP under
consideration,

is now the mass number index. The mass number
associated with any value of K is K + 230 (i.e.
K = 1 corresponds to mass number 231). K is
restricted to integral values from K = 1 to

K = 15,

is a counter used to count the number of mea-
surements of the Kth isotope processed through
completion of the FILTEMP under consideration.

is a counter used to count the number of mea-
surements of the Kth isotope processed through
completion of the FILTEMP previous to the
FILTEMP currently under consideration.

is the value of the Ith reference peak height
belonging to the FILTEMP under consideration,

is the time of the Ith reference measurement
belonging to the FILTEMP under consideration.

is the value of TOTAL (K) and is used only as
a do loop index.

is the value of the Mth peak height for the Kth
isotope.

is the time of the Mth measurement of the Kth
isotope.

is the value of COUNT (K) + 1 and is used as a
test element and as a do loop index.

is the calculated value of reference peak height
based on the fitted reference curve at a time
corresponding to one of the isotope measurements.

is the isotopic ratio of the Ith measurement of

the Kth isotope belonging to the FILTEMP under
consideration.
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14,

15.

16.

17.

XPLIOT (I)

YPIOT (I)

REFPIOT (I)

DIFFER (I)

is a time in seconds. The current FILTEMP
curve is divided into 99 equal increments for
smooth plotting. XPLOT (1), XPLOT (2)s sans
XPIOT (100) are the boundary times of these
increments.

is the calculated value of reference peak
height based on the fitted reference curve at
time XPLOT (I).

is the calculated value of reference peak
height based on the fitted reference curve at
time REFTIME (I).

is the percentage difference between REFPEAK (I)

and REFPIOT (I) (A measure of the quality of
reference curve fit),
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1T,

1.

2,

9.

10,

11,

Name

FUDGE

ISOMASS

FACTOR

BINGO

SUM

AVE

SUMSQ

DEV (K,I)

PERDEV (K,I)

SICMA (X)

SIGBAR (K)

Subroutine ANALYZE Variables

Meaning

is a constant determined experimentally which
is used in correcting for the mass effect (see

page 4, paragraph 5).

is the mass nunber of the isotope under
consideration,

is a multiplicative correction applicable to
the isotope under consideration.

is an indicator which is set to value 99.0
whenever an isotopic ratio is statistically
found to be an "outlier."

is the sum of the isotopic ratios for all
measurements made of the isotope under con-
sideration.

is the average isotopic ratio of the isotope
under consideration,

is the sum of squares of the statistical de-
viation in the isotopic ratios for all measure-
ments made of the isotope under consideration.

is the statistical deviation of the Ith isotopic
ratio of the Kth isctope.

is the percentage deviation in the Ith isotopic
ratio of the Kth isotope.

is the standard deviation (root mean square de-
viation) of the individual isotopic ratios cal-
culated for the Kth isotope.

is the standard deviation of the average iso-
topic ratio of the Kth isotope (standard de-
viation of the sampling distribution).







*
12. UNRATIO is an uncorrected isotopic ratio.

13, DSIGMA is the deviation of an isotopic ratio expressed
in units of standard deviations. This quantity
is immediately printed for record purposes.

14, RATIO (K) is a variable in common with the parent program
and all other subroutines. It is therefore used
briefly to pass the value of AVE on to sub-
routine MEMO.

15. RATIO (K,2) is used in the same manner as RATIO (K). It
passes the value of SIGBAR (K) on to subroutine
MEMO.

16, UNAVE is an uncorrected average isotopic ratio.

79 UNSIGMA* is an uncorrected standard deviation of

individual isotopic ratios for a particular
mass number,

18. UNSIGBR is an uncorrected standard deviation of an
average isotopic ratio for a particular mass
number,

19. REJECT (M) is the maximum number of standard deviations by

which a given isotopic ratio may differ from
the average isotopic ratio without being con-
sidered an "outlier" in a sample consisting of
M ratios.l

20. TEST is the value of REJECT (M) and is used as a
test element.

*Variables marked with an asterisk are purposely returned to the
uncorrected state with respect to the mass effect, and are immediately
printed for record purposes.

1Grubbs, "Procedures for Detecting Outlying Observations in Samples,"
2-5.
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IV.

1-

2,

3.

5-

9.

10.

1.,

Subroutine MEMO Variables

Name

ATOMRAT (K)

ATOMERR (K)

TFACTOR (M)

RATIO (K)

RATIO (K,2)

SUM

SUMSQ

ERROR1

ERROR (K)

PERCENT (K)

NUMBER

Meaning

is the average isotopic ratio of the Kth
isotope.

is the uncertainty (expressed at the 95%
confidence level) in ATOMRAT (K).

is the percentile value for Student's t (0.95)
distribution with (M=1) degrees of freedom.

is changed in meaning early in this subroutine.
The third statement following program statement
number 30 is "RATIO(K)=ATOMRAT(K)=FLOAT(K+230)/
MASS." From this statement on, RATIO (X) is
the most probable mass ratio of the Kth isotope.
"YMass ratio" is intended to mean the ratio of
the mass of atoms of the Kth isotope to the
mess of atoms of the reference isotope in any
amount of sample material,

is changed in meaning at the same point as

RATIO (K). From this point on RATIO (K,2) is
the uncertainty (expressed at the 95% confidence
level) in RATIO (K).

is used in subroutine MEMO as the sum of the
mass ratios for 21l isotopes.

is used in subroutine MEMO as the sum of
squares of the uncertainties in the mass ratios
for all isotopes.

is the root mean sguare uncertainty formed by
taking the square root of SUMSQ,

is the uncertainty (expressed at the 95% con-
fidence level) in PERCENT (K) (see immediately
below).

is the weight percent of the sample material
contributed by the Kth isotope.

is the number of copies of the final written
letter report which the computer is to prepare.
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13
14,

15,

16,

NDAY

NMONTH
NYEAR

MONTH (I)

MASSNUM

is used initially to contain a 6 digit date
(i.e., 072470 corresponding to July 24, 1970).
This variable is gquickly emptied of all but the
2 day digits (i.e., 24). The exact date is
supplied by the computer and corresponds to the
day of processing,

is a 2 digit month (i.e., 07).
is a 2 digit year (i.e., 70).

is the 3 letter month corresponding to NMONTH
(i.e., JUL corresponds to NMONTH = 07).

is the mass number corresponding to a given
value of K (i.e., 235 corresponds to K = 5),
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APPENDIX C

MODULAR FLOWCHART FOR PROGRAM SPECTRE

The following modular flowchart is perhaps the most important item
appearing in this report. A detailed flowchart, such as that given in
Appendix D, is excellent for correcting program "bugs" and evaluating
the effect of individual statements, but is so complex as to be of
questionable value to one not already familiar with the particulars of
the program being considered. A modular program, on the other hand,
stresses the logic flow of a program and allows one to quickly grasp the
series of intended operations and desired results.

This flowchart has been broken into four self-sufficient parts.

The flowchart for the parent program completely describes SPECTRE in
modular terms, The flowcharts for subroutines FITCURV, ANALYZE and

MEMO go one step further in detailing the methods used to perform those
functions called for in the parent program flowchart. Subroutine FITCURV
uses two other subroutines czlled PARCEL and GRAPHIC, Modular flowcharts
for PARCEL and GRAPHIC are not included as these subroutines are adaptations
of routines already in existance (see footnotes on pages 14 and 17), and

the explanations of each appearing in the FITCURV flowchart are quite
adequate to establish logic flow.

The symbols and the numbering convention employed are the same as
those used with the detailed flowchart of Appendix D (see Appendix A for

symbol descriptions). Page references are to be applied to the usual

Ly







physical page numbers appearing at the bottom of each page (special
computer assigned flowchart page numbers are used for reference purposes

in Appendix D). The variable FILTEMP has been used by name throughtout

the flowchart. All measurements taken at the original filament temperature
are assigned a FILTEMP code of 1; all measurements taken after the spectro-
meter operator changes the filament current to obtain a different filament
temperature are assigned a code of 2. If the operator should change the
filament temperature again, then measurements at that temperature would

be coded with a FILTEMP of 3, ete.
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L.

READ TITLE
CARDS

The Parent Program:

1

2

PRINT TITLE AND DATA
TO CREAT A RECCRD
FOR FUTURE USE

3

CORRECT EACH MZASUREMENT
FOR BACKGROUND AND ADJUST

TO A COMMON SCALE

AND DATA 4

L

ALTER FILTENPS SO THAT
PEAK HETGHT
MTIL 2 FITTED IN
5 OF FOUR TO ETGHT
REFERENCE VEASUREMENTS

HE PERFERENCK
B

‘R

CALL SUERQUTINE
FITCHURY TO COMPUTE A
LIST OF ISCTOPIC
RATIOS FOR EACH MASS
NUMBER EXAMINED

HO=s 3 F

CALL SURROUTINE
ANALYZE r'O COMPUTE THH
1M0ST PRCEABLE ISOTOPIG
RATIO WTU ASSOCTATED
UNCERTAINTY FOR EACH
MASS NUMBER EXAMINED

@ &

Ho-.

/__/

e

/___/

7

CALL SUEROUTINE MEMO
TO DETERMINE A MASS
RATIO AND ASSQCIATED
UNCERTATNTY FOR EACH
ISQTOPIC SPECIES
EXAMINED AND TO

O &

HO-

PUBLTISH A REPORT

S OTHER
DATA AWAITING
REDUCTION?

e s ok ok ook ook o o R o Rk R R ok ok

RETURN CONTROL TO
MONITOR

*
*
%
*
s
%*
=

10

*
*
*
*
*

*
M3 e o s e ol e S op %ok ok R R ok Rk R R R %
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II. Subroutine FITCURV

kb k kv k kb kg
*

8

N CALL SUBROUTINE FAH=-
0 CEL 10 PERFORM A
LEAST-SQUARES FIT OF

e

*
*
* CONSIDEP MEASUREMENTS 54
TAKEN AT ORE FILTEMP *
B S e

2

PLACE THESE MEASUREMENTS
IN LISTS BY MASS NUMBER
AND PLACE THE TIMES AT

WHICH THESE MEASUREMENTS
\IZRE TAKEN IN ASSOCTATED

11STS

WERE &4
OR MORE REFER-
ENCE MNEASUREMENTS TAKEN
AT THIS PILTEMP?

ERASE ALL LISTS RELATING
TO THIS FILTEMP

PRINT A VMESSAGE
STATING THAT AN TN-
SUFFICIENT NUMBER OF
REFFRENCE MEASURE~

xxxxx

ADDTTIONAL
FEASUREMENTS TAKEN
AT A DIFFERENT

FILTEMP EXIST?

B THE PREFERENCE MEASURE.
MENTS TO A SPECIFIED
FUNCTION

9

CALCULATE REFEREKCE PEAK
HEIGHTS FOR THE TIVMES. OF
ALL TISOTOPE MEASUREMENTS

10

DIVIDE EACH TSOTOPE MEA-
SUREMENT BY THE REFERENCE
FEAK FEIGHT CALCULATED
FOR THE SAME TIME TO FORM
LISTS OF ISOTOPIC RATIOS
BY MASS NUMBER (THE REAL
PRODUCT OF THIS SUB-

ROUTINE)

11

CALCULATE AND PRINT A
TABLE CONTAINING THRE
CUANTITIES FOR EACH
REFERENCE MEASUREMENT:
. MEASURED REFERENCE
PEAK HETCHT
2, CALCULATED REFER-
ENCE PEAK HEIGHT
3. PERCENTAGE DIF=-
FERENCE

12

PRINT THE FUNCTION
SPECIFIED FOR FITTING
AND THE FUNCTIONAL
APAMETERS FOUND TO

PRODUCE THE BEST FIT

13

N | CALL SUERROUTINE GRA-
0| PHIC TO PRCDUCE A PLOT
N | OF THE FITTED REFER=-
E | ENCE PEAK HEIGHT

CURVE WITH ALL MEA-
SURED REFERENCE PEAK
FETIGHTS SUPERTMPOSED
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IITI, Subroutine AVALYZE

e I AT R R
CONSIDER THE LIST OF ISO-
TOFPIC RATTOS CORPESPOND- *=€—m
ING TO OME MASS NUMBER
**n:*wwmm-Helw*#*****twm**

T #

3 3  E
#34

2

CORRECT ALL RATIOS FOR

THE, PASS' EFFRECT

CALCULATE THE AVERAGE
ISOTCPIC RATIO

CALCULATE THE STANDARD
NEVIATION OF THE TNDI-
VIDIAT. ISOTOPIC RATIOS

CALCULATE THE STANDARD
DEVIATION OF THE AVE=-
RAGE TISOTOPIC RATIO

PRINT TITLE, MASS
MIMRER, REFERENCE
MASS NIMEER AND
MASS EFFECT
CORRECTION FACTOR

CALCULATE AND PRINT A
TARLE COKNTAINING

FOUR QUANTITIES FOR
EACH ISOTCPIC RATIO:
. UNCORRECTED RATIO

ATION
3, DEVIATION IN
UNTTS OF STANDARD
DEVTATIONS

I, CORRECTED RATIO

/___/

/—__/ .

PRINT UNCORRECTED AND
CORRECTED VALUES FOR:
1., AVERAGE ISOTOPIC
RATIO

2. STANDARD DEVIATION
OF INDIVIDIAL
ISOTOPIC RATTOS

3. STANDARD DEVIATION
OF THE AVERAGE ISO-
TOFIC RATIO

CHECK EACH IS0TOPIC
RATIO TO SEE IF ITS
DEVIATION EXCEEDS THE
MAXTIIM ALLOWABLE (A
RATTIO EXCEEDING THIS
LIMIT IS CALLED AN "OUT-
LIER")

10

DO ONE
OR MORE OUTLIERS
EXIST?

11

HAVE ALL
MASS NUMBERS
EEEN CONSTIDERED?

13

REMOVE THE OUTLIER(S)

FROM THE LIST OF
TSOTOPIC RATIOS

14

PRINT A I'ESSACE STAT-
ING THAT A RECON-
SIDERATION OF THE

LIST FOR THIS MASS
NUVMEER WITHOUT

OUTLTIERS FOLLOWS







IV

Subroutine MEMO

1

CONVERT THE AVERAGE IS0-
TCPIC RATIO TO A MASS
RATIO FOR ALL ISOTOPES
EXAMINED

CONVERT THE STANDARD DE-
VIATION OF THE AVERAGE
ISOTOPIC RATIO TO AN UN-
CERTATNTY (EXPRESSED AT
TH 954 CONFIDENCE LEVEL)
IN MASS RATIO FOR ALL
TISOTOPES EXAMINED

3

> JC ILATE THE WEIGHT PER=
I 0 S I ‘DL "4 ?"I;-”l TERI I\L
Pﬂ'f AIBUTED BY EACH ISO-

TOPE AND TFE UNCERTAINTY
(EYPRESSED AT THE 95%
CONFIDENCE LEVEL) IN EACH
PhRCE?TﬂCE FTGURE

4

N | CALL SUBROUTINE DATE
C | (A LTERARY SUBROUTILE)
¥ | 70 PROVIDE THE DATE

% | OF PROCESSING

5

PRINT THE RETUXN ADD=
RESS, DATE, HEADING,
:Dﬁnjsa GROUP (TO,
FROM AND SUBJECT
IRES) ALD THE FIRST
PARACRAFH OF THE
ETTER REPORT

/,__“__J’

/,______z’

6
I‘.H.I_l.l A TAE.J..J l IIH_:

LETTER EEPORT CO”
TAINLLG F1VE QUANTI-
TIES FOR EACH ISO-
TOFE EXAMINED:

1. MASS KUMBER

2. ISOTOFIC RATIO
3. UNCERTAINTY IN
THE ISOTOFPIC RATIO
4, WEIGHT PERCENT
5. UNCERTAINTY IN
THE WEIGHT PERCENT

7

DETERMINE WHAT DIS=-
TRIBUTION IS APFROP-
RTIATE AND PRINT THIS
DISTRIBUTION FOLLOW,
ING THE SIGNATURE
LINE OF THE LETTER
REPORT

HAVE THE
DESIRED NUMBER
OF COPIES OF THE
LETTER REPORT
BEEN PHO=-
DUCED?







APPENDIX D

DETAILED FLOWCHART FOR PROGRAM SPECTRE

This flowchart was produced directly from a complete SPECTRE source
program by a standard flowcharting code called "AUTOFLOW" (see footnote
page 29). Sections are included for subroutines PARCEL and GRAPHIC be-
cause they actually form an integral part of program SFECTRE, even though
they were not wholly written for this application (PARCEL and GRAPHIC are
2lso included in the complete listing appearing in Appendix E). With
exception of subroutines PARCEL and GRAPHIC, every step and symbol of the
entire flowchart has been checked for accuracy and proper usage. The
flowchart is without a flaw!

Flowcharting is normally accomplished before a program is written
as an aid for the coder. Many times, however, flowcharting is performed
"after-the~fact" so as to allow a user to understand a program more
thoroughly or to enable a program analyst to explain a program to others
more efficiently. AUTOFLOW is so good that no-one familiar with its
capability would consider flowcharting an already extant program by hand.

It is important to note that a flowchart page number is assigned
by the computer and is placed in ihe upper right-hand corner of each
flowchart page. Two physical pages are required to form one flowchart
page. The ccmputer assigned numbers are important in that all sequencing
and referencing within the flowchart itself is keyed to these numbers.

A normal page number appears at the bottom of each physical page.
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Confusion should not result as the physical page numbers in this

Appendix are all larger than the largest of the flowchart page numbers,
Before the flowchart begins, a section called "Cross-Reference
Listing" has been included. This listing gives the flowchart page and
symbol or "box" number of all symbols corresponding to statements in the
source program having a FORTRAN statement number (label). It also lists,
in a column headed "References", all other symbols which transfer to
each listed symbol. An example of such a listing is shown in Figure 15

below:

CROSS-REFERENCE LISTING

PAGE BOX LABEL REFERENCES
DECK PARCEL
SUBROUTINE PARCEL
7.01 PARCEL L,25%
7.14 1
7.16 7.18
7.24 2 7.21 9.25 9.27

FIGURE 15, A sample cross-reference listing. This listing describes
subroutine PARCEL. Symbol 7,01 is the starting symbol of PARCEL and it
is referenced by a call statement in symbol 4.25. The asterisk next to
this reference indicates a subroutine call. Statement number 1 has been
assigned page-and-symbol number 7.14 and there are no transfers to this
symbol. Symbol 7.16 has no statement number, but is referenced by symbol
7.18 (a2 normal occurance in do loops and logical IF statements). State-
ment number 2 has been assigned symbol 7.24 and is referenced by symbols
7.21, 9.25 and 9.27.

The parent program and subroutines are each preceded by a table
of contents, which lists 2ll FORTRAN statement numbers appearing in the
source program in numerical order. The page and box number of the

symbol corresponding to each statement number are also listed.
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