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A COMPUTER PROGRAM FOR ELECTRON PROBE MICROANALYSIS
IN THE FIELDS OF METALLURGY AND GEOLOGY

J. I. Goldstein*
Metallurgy and Materials Science Department
Lehigh University
Bethlehem, Pa,

and

P. A. Comella
Laboratory for Theoretical Studies
Goddard Space Flight Center
Greenbelt, Md.

ABSTRACT

A comprehensive computer program has been written which should prove
useful to investigators in boththe fields of metallurgy and geology. The program
is flexible in both input and output and is relatively easy for an inexperienced
person to use. It is written in the Fortran language and can be used in remote
terminal operation which is now available in many laboratories. The program
is built up of a large number of subroutines which can be easily changed as the
user sees fit or as new correction schemes become available. At present, the
following corrections are incorporated; the absorption correction of Philibert-
Duncumb !'? recently modified by Heinrich? the atomic number correction of
Duncumb and Reed,* and the fluorescence correction of Reed.® K, x-ray radia-
tion from elements of atomic numbers 3-39 and I, radiation from elements of
atomic numbers 20-92 are considered. The program operates in either of two
modes; conversion of raw intensity data to composition using an iterative pro-
cedure, or conversion of compositional data to expected x-ray intensities. For
problems in geology involving oxides, calculations are made with oxygen con-
sidered as a matrix element., Specimens and complex standards each containing
up to nine elements can be treated and several standards can be used for each
element measured in order to check the consistency of the answer. The program
determines internally whether a fluorescence correctioh is necessary and also
calculates the initial intensity ratios. The program does not correct for non-
normalincidence or continuum excitation. An exhaustive print out of the various
correction factors can be obtained if desired.

*Formerly at Laboratory for Theoretical Studies, Goddard Space Flight Center, Greenbelt, Md.
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The program is rather unique with respect to the method of data handling
and ease of operation, All the critical data for a given element, such as x-ray
wave lengths, fluorescence yields, atomic weights, absorption edge jump ratios
and the necessary factors for the calculation of mass absorption coefficients from
Heinrich ® are stored on cards or are placed on file at the computer, These data
are then used as needed for the elements under consideration in each problem.
The compositional data for each of the element standards are also stored on
cards or at the computer. The input data which specifies the problem of interest
then requires a minimum of information and canbe supplied in anon-rigid format,



A COMPUTER PROGRAM FOR ELECTRON MICROPROBE ANAILYSIS
IN THE FIELDS OF METALLURGY AND GEOLOGY

I. INTRODUCTION

The electron microprobe has been used to solve problems in many fields of
scientific research such as metallurgy, geology and biology. In the area of
quantitative microchemistry the results of microprobe analysis have not fullv
met the expectations of the early pioneers. Schemes which correct the x-ray
data for the effect of atomic number, absorption and fluorescence have been used
extensively. However at this time precision errors (Ziebold)” and errors in the
input parameters to the various correction schemes (Heinrich and Yakowitz)8
limit the precision and accuracy of the analysis to no better than about 2% relative.
Comparisons between measured intensity data from well characterized standards
and calculated intensity ratios (Ziebold and Ogilvie,” Goldstein, et al.'’ and
Beaman !1) support this conclusion,

To avoid using any corrections for microprobe analysis, standard samples
with similar composgitions to the analyzed sample must be obtained. In the vast
majority of cases this is not practical, and the correction schemes must be used.
As the number of unknown elements, standard samples and data points desired
increases, the amount of data handling and calculation becomes excessive. The
use of computer techniques allows rapid handling of data, accurate calculation
of correction procedures and assimilation of output in a useful form. With the
development of remote terminal operation and rapid microprobe readout devices,
the need for computer programs for quantitative electron microprobe analysis
has developed.

About 20 computer programs for electron probe microanalysis are now avail-
able. Descriptions of the various programs are presently being compiled by
Beaman!? and need not be discussed here. In general many of these programs
are either inflexible, are written for specific computer systems or are only able
to handle a small number of eleraents or standards. Since problems originating
in various disciplines are often run in the same microprobe facility, a program
was designed that could be used to treat both geologic and metallurgical problems.
We desired a flexible program built on a modular design with minimal input and
data handling, compatible with remote terminal operation, and incorporating the
best correction procedures currently available.



This paper describes the program we have developed. The program design,
calculation schemes and input-output are described in sufficient detail so that
the computer program can be adopted for use in most laboratories. Several
sample problems are discussed in order to illustrate the use of the program,

II, CORRECTION PROCEDURES FOR ELECTRON MICROPROBE
ANALYSIS ’

A, Corrections to Raw Intensity Data

To obtain an analysis for each element in a sample of interest the following
measurements are made: (1) the x-ray intensity from the element standaxrd
taken both before and after the analysis, (2) the x~ray intensity from the back-
ground standard or the continuum radiation above and bhelow the x-ray peak, and
(3) the x~-ray intensity for each element from the sample of interest., Three
changes are made in the raw data, so that it is in a suitable form for calcula~
tions of the x-ray corrections.

1. Detector Dead Time — Detector dead-time causes a discrepancy between
the true count rate of x-rays incident on a detector and the measured count rate.
This relation is expressed as:

N:n/(l -—n'T) (1>

where N is the true count rate, n is the measured count rate and + is the de-
tector dead time. This correction is applied separately for each element,

2. Drift — Drift is the slow change in x-ray signal caused by instabilities in
the electronic system of the microanalyzer. Normally this change is less than
1% unless unusually long analysis iimes are used. In this program, if the stand-
ard intensity for each element differs, from the beginning to the end of an anal-
ysis, by more than 6 times the square root of the average standard intensity, a
drift correction is applied. It has been found in practice that if the change in a
monitored signal is no more than 5% per hour, then it may be assumed that the
drift is linear in time. A linear drift correction is therefore applied when
necessary.

kL

3. Background — Background intensity arises from the continuous x-ray
spectrum generzted in the sample. It is obtained for each element by either
measurement of the element intensity from a background standard or at spec-
trometer settings away from the Bragg angle. When samples of interest contain,



many elements it is difficult to obtain an ideal background standard, that is, one
which contains all the elements except the element being measured, Therefore
the background is commonly measured by the second method. In the computer
program, the background intensity is subtracted directly after the data is cor-
rected for dead time,

B. Correction Procedures for the Conversion of X-Ray Intensity
to Composition

It was first demonstrated by Castaing!3 that the relationship between the
mass concentration, C,, of an element, A, i a specimen analyzed in the micro~
probe and the ratio (k, = 1,/I(A)) of the intensity of the characteristic x~ray
line of element A measured from the specimen, I, , to that measured from a
standard, X (A), is, to a first approximation, linear:

k, =C,/C(A) (2)

where C(A) is the amount of A present in the standard. If the standard consists
of pure A, then

kA = CA' 3)

Departures from the simple law of proportionality expressed in Equations 2, 3
can be large. Therefore if quantitative microchemical analysis is to be attempted
with the microprobe, it is essential to apply a correction factor:

C, (correction factor), , .. (4)

k, =1 /I A) =
A A (A) C(A) (correction factOf)std,

This factor, is needed for the standard when it is not a pure element. The cor-
rection factor is placed on the right hand side of the equation because it is itself
a function of C, , C(A) and of the concentrations of the other elements present,

Following Castaing, most authors have divided the total correction into 3
separate factors: atomic number, absorption and fluorescence. The atomic number
correction takes into account the effect of composition or atomic number on the
intensity of characteristic x-rays generated within a specimen. The absorption
correction allows for the absorption of characteristic x-rays in emerging from
the specimen. The fluorescence correction allows for the additional intensity



contributed by fluorescence radiation which is due to excitation by x~rays from
other elements in the specimen. The measured intensity ratio is therefore given
by:

| T, C, (At #], [Ab2), [fluor],
ky = — = ~ (6)
tOI(Ay C(A) [At#], [Abs], [fluor),

where u represents the specimen of interest and s represents the standard, In
most geologic problems C(A) is not equal to 1,0 and Equation 5 must be applied.

In the following sections the three corrections which are applied to unknown
and standard intensities are described in detail. They were chosen as the hest
correction schemes available to date, It should be noted that none of these
schemes correct for a non-normal electron beam, In the program the three
correction schemes are incorporated in separate subroutines so that they can be
easily changed if better corrections are developed.

1. Atomic Number Correction ~ The atomic number correction takes
account of the fact that both the fraction of the total energy loss of an electron
going into ionization of a particular shell (S) and the loss of ionization efficiency
due to backscattering (R) are functions of atomic number., The atomic number
correction is ugually expressed as a ratio of backscattering to stopping power:

[At. No.], = [R/§],

- (6)
[At. No.], = [R/S],

Of the 3 major corrections, the atomic number correction appears to be the leayt
developed. Uncertainties appear to lie in the accuracy of the R values available,
in the validity of the Bethe equation for stopping power and in the value of J to

be used in the Bethe stopping power. The correction according to Duncumb and
Reed* provides a method for the correction that is easy to apply and appears to
be achieving some acceptance. This formulation provides accuracies of the order
of a few percent (Duncumb et al.),!*

According to Duncumb-Reed, 4



for a complex sample where R, is the backscatter coefficient for each element,
C; is the mass fraction of the i { th element and R, is a function of 1/U, the re-
ciprocal of the overvoltage. S may be obtained by using an expression of the

form
S = ? Ci SL
i

where:

A KR
i

and E = (E, - E,)/2 for each element in the sample. E, is the operating voltage
and E, is the excitation voltage of the x~ray line of interest The mean ioniza-
tion potential J | was determined empirically as a function of atomic number Z. 4
The atomic rnumber correction R/S can therefore be calculated for both unknown
and standard. It should be noted that the correction is the same for all the ele-
ments in the sample.

2. Absorption Correction — The absorption correction for both the analyzed
sample and standard is given by the absorption function f(X), where [Abs] =
f(x), and [Abs]_ = f(X),. The absorption correction procedure of Philibert !
modified by Duncumb and Shields® is widely accepted as satisfactory, especially
if f(X) has a value between 0, and 1.0 (Yakowitz and Heinrich),®

The absorption function for each element analyzed in a sample is given by:

[Abs], = £, = 1+h/1 +X/o) [L+h (1 +X/e)])

u

(8)
[Abs], = £(X),

n

Li+h/(1 +X/0) L+ h (L 4X/0)] )

in which

1. X = (u/p) cscé where u/p is the mass absorption coefficient of the
tavget for the measured x-ray line:

— |
#/P’Zci Wl P ()
i

5



and C; = wt.% of element i
H/p; = mass absorption coefficient of element i for the x-ray line of interest.
¢ = is the take-off angle of the emitted radiation,

2
h= 1.2 Z o, Ai/<Z aizi> (10)
i

i

where o ; is the atomic concentration; A,, the atomic weight; and Z,, the atomic
number of element i in the multi-element sample. The atomic concentration,
a, . is approximated by the weight fraction, C ; » within the program.

3.
Cyx 105

O‘, :7: Lt YL bty p—— (11)
vyon n
Loy v Ec

where E is the excitation potential of the element of interest and E, is the
electron beam operating voltage. Heinrich® proposed the values, C = 4,5 and

n = 1,65, Recent studies by Duncumb, et al. !4 Show these values of C and n to
be about optimum. The absorption function, f (X), must be recalculated when
another element is analyzed or when C, changes. This correction limits the
general applicability of the calculation procedure because u/p values are not
available for long wavelength L, radiation.

3. Fluorescence Correction — The fluorescence correction for characteristic
x-rays is required when one or more of the elements present in the specimen or
standard has a characteristic emission line with energy greater than the uritical
excitation potential of the line being measured. In this case a fraciion of the in-
tensity observed, If/Ip, is due to fluorescence excitation rather than direct ex-
citation. I. represents the intensity due to fluoresczace and I, represents the
primary intensity from the radiation of interest. The fluorescence correction
for characteristic x~-rays is given by:

If
[fluor]u = {1 4 T
- i Ply
[fluor] = [1 4 - (12)
I
i PJ1s



where I,/I  is summed over all the elements which cause fluorescence. The
secondary ﬂuorescence correction procedure developed by Castaing and
modified by Reed® has received the wideat acceptance and seems to be the most
suitable for general usage. The modified version of Castaing's correction for-
mula for K - K fluorescence involving L lines is given by: ‘

I U~ 1\ pd In(14X) | In (1+Y))
() osmu (2 aa (i) 2 fogn  1og a2

Pa

A is the element fluoresced

B is the element whose characteristic radiation excites element
A radiation

C. is the concentration of element B
r, is the absorption edge jump ratio of element A
W(B) is the K or L shell fluorescence yield of element B
A  and B are the atomic weights of elements A and B,
Ug is the overvoltage ratio, E/E_, for element B
U, is the overvoltage ratio, E/E_, for element A

,u,g is the mass absorption coefficient of element A for radiation from
element B.

pg 1s the mass absorption coefficient of the specimen for radiation
from element B.

The absorption parameters X and Y which appear in the above expression
are given by:

X= (u,/1g) €8¢, Y =0/uy (14)

where 1., is the mass absorption coefficient of the specimen for A radiation,
o is the electron mass absorptlon coefficient and ¢ is the take-off angle of
the emitted radiation. P;; takes account of the extra factor required in K~L
and L-K fluorescence, where j represents the excited line (K Kp L, ,)and 1
represents the excitation line (K ,K,,L ). When only certain lmes of Kor L
spectrum produce fluorescence exclteation special precautions must be taken,
The value of (r, — 1)/r, for L radiation is equal to 0.75 (Reed)’



The correction for fluorescence by the x-ray continuum has been developed
by Henoc !5 and by Springer.!® Generally it has been thought to be a small
correction, Recently however, Brown, el al.'” have shown that this correction
is larger than often considered in the past. At this time our computer program
does not include this correction. .

III. GENERAL DESCRIPTION OF THE PROGRAM .

A. Flow Diagram - The microprobe correction program is designed to run
in either of 2 modes. Mode 1 allows one to compute the composition of the sam-~
ple of interest from measured data (I p and I (A). Mode 2 allows one to calcu-
late the expected intensiiy ratios (I A/I (A)) from the known composition of the
sample. The flow diagram for the correction program is given in Figure 7.

1. Mode 1 -~ The input data contains the parameters necessary for the
calculation steps and the raw intensity data from both sample and standards.
The raw intensity data is then compiled and the background, dead time and drift
corrections are made, The mass absorption coefficients for all the elements
analyzed and for all the elernents which are present in both samples and stand-
ards are then calculated using the method of Heinrich. The corrections, ZAF,
(Z is the atomic number correction, A is the absorption correction and F is the
filuorescence correction) are then computed for the elements measured in each of
the standards in turn (Equations €, 8 and 12). If any of the standards are pure
elements (C(A) = 1.0) no secondary fluorescence correction, F, is made.

The intensity data from the first sa:mple data point is divided by the intensity
from the corresponding element standard to obtain the measured intensity ratio,
I, /I (A). This procedure is repeated for all the elements measured in the first
sample data point, Then an initial estimate of the composition of all the elements
measured in the sample,C° =, is made by assuming the linear relation

CO

unknown

=Ch = (LT pegsurea C® (15)

If there are any elements in the sample which are not measured, their composi-
tions are read into the program as input. If the sample contains oxygen, a cor-
responding oxygen content is calculated from the assumed cation content of each s
element in the sample. The total amount of oxygen in the sample is then obtained
to be used in the foliowing calculations. The ZAF corrections are applied to the
values of C° and a calculated value of I, is obtained, (I,)

[ 2
“unknown calc”’



[o]
(IA)cnlc. = (ZAF) Cunknown (16)

The calculated intensity ratio for each element of interest is then obtained,
koate =@ A /1(A)).01.» A new estimate of the compomtionC can then be deter-
mined for each element from the equation:

c' - (IA/I(A))mensurcd
unknown (IA/I(A))

o
x Cunknown (17)

cialculated

A test for the convergence of each element is made in the following fashion:

(IA/I(A))calculated 3
-1 |< 10™
if <I'A/I(A)>measured > (18)

sufficient convergence has occurred. If any of the elements do not converge,
another iteration with new values of C, ..., i8 made. Iterations are continued
until convergence is achieved for all elements.

When convergence is achieved, the calculated compositions are read out.
The next point on the sample or another sample is selected and the calculations
are repeated. It is only necessary to use new standards and re-calculate standard
correctiors when a new problem is introduced.

2. Mode 2 — In this mode the compositions of both the standard and sample
are input as data. One iteration of the correction procedure is made in order to
calculate the intensity ratios, (I, /I(A)) for each element in the sample,

calculated

B. Structure of the Computer Program

The program is written in the Fortran IV language according to specifications
for its use on IBM S/360 computers. It is built up in modular form using sub-
routines each of which performs one task. A listing of the program and a glos=-
sary of terms used in the conversion program are given in the Appendices I and
II respectively. Detailed flow charts and descriptions of the most important sub-
routines are found in Appendix III. These can be used when the program is modi-
fied or initially set up on another type of computer. The subroutines are described
briefly in the following paragraphs.

RS N PN



MAIN - Organizes the input data, directs execution of the subroutines, calcu-
lates © (Equation11), which is used in the absorption and fluorescence corrections,
and coordinates the output of the final resulis.

DATPTS — Associates for each of the measured elements, the standard back~
ground and sample intensity values as well as the time for analysis. It also
associates the intensity valueg with the spectroemeters used and with the com-~
positions of the standards used for each element. DATPTS inputs the intensities
measured by the probe to MAIN after calculating intensity in counts per second
and is the one subroutine which is most dependent on the equipment which records
the microprobe data (scalers, data translator, typewriter or tape readout).
Therefore this is the routine which users will probably wish to tailor to their
individual equipment.

MODIFY — Computes the drift correction, if necessary, to be applied to the
measured data. It also calculates dead time and background corrections for the
measured standards and samples.

ABSCO —.Computes the mass absorption coefficients, according to Heinrich,®
for K, ,K; andL, radiation from all the elements present in both the standards
and samples as absorbed by each of these elements. Some of these cannot be
determined® and are calculated as zero.

ATNCOR - Computes the atomic number correctionfor the standards and samples.'
INTERP — Interpolates linearly from the table for R given by Duncumb and Reed*
to obtain the value of the backscatter coefficient, The coefficient R is a function
of both the atomic number of the element of interest, Z, and the reciprocal of the

overvoltage, 1/U.

ABSCOR - Computes the absorption correction for any measured element in
either sample or standard,

FLUCOR — Computes the secondary fluorescence correction for K or L radia-

tion produced by either K _, K 50T L, radiation from any element present in either
sample or standard. The total fluorescence correction (Equations 12-14)

[.1+ Z If/I;]

is obtained by the summation of the effect from the various elements in the
sample.

10



TEST = Determines whether secondary fluorescence by a sample matrix element
can excite the element of interest. This is done by determining whether the K_,
Kz and L, line produced by each element present in the sample is less than the
K or L edge of the measured element,

CHANGE - Calculates a new estimate for the composition of the unknown (Equa~-
tion 17) at the end of each iteration.

ENDIT - Tests for convergence of each element in the sample at the end of each
iteration (Equation 18). If convergence is achieved for all elements the composi-
tion of the sample is printed out.

OXYGEN -~ Calculates the amount of oxygen associated with each cation i if
oxygen is present in the sample. The following equation is used to calculate the
oxygen content:

.. 16
Coxy for cation i = AiOXi (19)
where OX; = N/M if the oxide has the stoichiometric formula A0,
C, = wt. % of element i
A, = atomic weight of element i
The total amount of oxygen present in the sample is given by
SN
C,yy (total) = 16 Z Ai(;xi + C, (20)
1=

where N is the number of measured cations in the sample and C_ is the amount
of oxygen associated with cations in the sample which are not measured. C, is
given as input data.

IV. INPUT TO THE PROGRAM

The input data for the program includes all the necessary physical param-
eters and compositional information for calculation of the corrections. If Mode
1 is used the measured intensity data are also included as input. The method of
input used for the program is a compromise between incorporating many of the
parameters into the basic program, which uses up computer storage, and
developing very flexible input which increases the time required for the analyst

11
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to organize and run a problem. The input data are broken up into four files which
are considered separately.

A. Data File — This file contains the‘parameters which describe the indi-
vidual problem and operating conditions of the electron probe.

B. Element I'ile -~ This file contains the parameters which are a function
of a particular element, This file is already available and the elements
which will be considered in the problem are selected by the analyst
before the run is made,

C. Composition File ~ This file contains the composition of the standards
used for the analysis. The standards are usually available well in ad-
vance of a particular run. The data contained in the composition file are
often stored on cards or at the computer.

D. Intensity Data File ~ This file contains the intensity readings from the
probe. in many cases, punched tape or cards which are suitable for
direct submission to the computer are obtained as output from the
microprobe,

The Element file and the Composition file are available beforehand, and in
remote terminal usage individual file members can be selected and compiled
into the data set for a problem just prior to executed time. The intensity

readings from the probe are available or can be made available in suitable form.
Therefore, the only input cards that need be punched, before a computer run can
be made, are the DATA cards. Sets A, B, C are input in the MAIN program
while subroutine DATPTS inputs set D. Appendix IV considers each of the 4
types of input data separately and describes how the input must be set up to make
a successful run.

V. OUTPUT FROM THE PROGRAM

We have selected the following output as most important. The element (E)
file and selected parameters from the Data File are printed out first. Next the
matrix of mass absorption coefficients are given, followed by the raw probe data
as it was submitted to the computer. | |

The correction ca. ulations for the standards are given next: (1) Atomic
number correction for each standard, (2) Absorption correction for each element
in each standard, (3) Fluorescence correction for each element in each standard.
For the first point on each sample, the calculated element compositions are

12



printed for each iteration step and the ZAF corrections are printed for the final
iteration step. For subsequent data points, only the composition values from the
first and last iterations are written out.

In Mode 2 problems, the calculated intensity ratios and the ZAT corrections
are printed out for each point. In Appendix V the statements which control the
output will be discussed as well as methods to change the output statements if
desired.

13



APPENDIX I
Program Listing

MAIN PROGRAM

(€, 3¢ e e oo e 5633 s 36006 % ok e 3 o e e e e e B D ok o e i Rl 2 i Sl e e O SRl 0 o o BRI e e ol D 0 3 e e ol e e el o ok R e Ok
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NP st 0 s B0 pmg Py P gy
OOVDNOVHRWNH™O

WNAONRON AN
OOVD~NPWM W™

w W
N -

MICRNPRNAE CNR

FORMAT (' 1ELEME
FORMAT (' ATOM,
FORMAT (' ATOM,

RECTION PROGRAM,. oo e MARCH 1 GA9

Ve leGOLNSTEIN v
NEPARTMENT NF METALLURGY & MATFRIALS SCIFNGCE
LEHIGH UNJVERSITY

RETHLFHEM,PENNSYLVANTA

PoAe COMELLA
MATHEMATICS AND GOMPUTING BRANCH, CNNF A4?2
LABNRATORY FNR THFNRETICAL STUNTES

GNDDARN SPACE FLIGHT CENTER
GREENBELT HMARYL AND

3000 o o o a0 o o o o o o ko 2 8 o o i e o e o ok o ol e o e o o e o e ke 2 o ol e o ko o e e o e 2 o ol ok o0 ol o o

NT! 3X,A2411(BXA2))
NOY412F10.4)
WT',12F10.4)

FORMAT(' K ALPHA',12F10.4

FORMAT(' K BET

A ',]12F10.4)

FORMAT(® K EDGE '412F10.4)

FORMAT(' L ALP

HA' y12F10.4)

FORMAT(' L3 EDGE'y12F10.4)

FORMAT(?® CK
FORMAT (' NK
FORMAT(' CKL
FORMAT (' NKL
FORMAT(' L1
FORMAT (' CL1
FORMAT(* L2
FORMAT(!' CL?
FORMAT(' CLM
FORMAT (' M]
FORMAT(* CM1
FORMAT(' M2
FORMAT (' CM2
FORMAT (' M3
FORMAT(' CM3
FORMAT (' M4
FORMAT (' M5

" FORMAT (* CMN

FORMAT(* N1

Yy 12F10.4)
'912F10.4)
'912F10.4)
'9y12F10.4)
'"412F10.4)
'12F10.4)
'+12F10.4)
.912F1004)
'9y12F1044)
'912F10.4)
.,IZFIOO‘,
"12F10.4)
"912F10,4)
'912F10.4)
V12F10.4)
'12F)1044)
'"12F10.4)
'12F10.4)
"12F10.4)

FORMAT(! VC(Z,K)'12F10.4)

FORMAT(' VC(Z,
FORMAT(* J1(Z)
FORMAT (' RK(Z)

L)'12F10.4)
112(1842X))
"i2F10.4)

FORMAT(* OXY({Z) '12F10.4)

FORMAT (' OMEGA

-K'12F10.4)

FORMAT (! OMEGA-L'12F10.4)

FORMAT (' LINE
FORMAT(* VO
FORMAT(* SPEC.
FORMAT(2044)

FORMAT(14,10(2

'3XsA2411(AX,A2))
112F10.4)
NO®,12(17,43X))

XeA2))
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100
200
300
400
500
600
700
ROO
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000



“p
%)

bé
45

46
47
48
49

50
5)

67

705

706
707

710

711
713

14
715
T16
77
718
719

720

C

FNRMAT (4X 4] 0F4,7) |

RORMAT (! THERF ARF' 13,0 FLEMENTS [N THIS SAMPLE 1 6X.A2,9(AXsA?
1))

FORMAT (YOATOMIG NUMRFR GPRREGTINN®! F13,5)

FNRMAT(
) /  VOARSORPTINN GORREGCTINN FOAR 1 4A241 4 0es sCHI R (FL3,5,TX,
? VE(GH] )=V F13.6 )

FORMAT(' WEIGHT PFRGENTARES /10N FNR THF FIFMENTS: 'R7,4,9FR,4)
FORMAT(////4'0%,20p4)

FORMAT(////VOF INAL. GORREGTINNS?//)

FORMAT (' THETA ' ,F10,4 /

1 ' OTAN ' 3E13,5/
? *N ' 1/
? ' NM ' 17/
? ' NRGS L b
2 ' MONF r 17/ .
? " NPROR ¢ 17

FORMAT (1)

FORMAT('QELEMENT 4,42, IS NNT ACCOUNTEN  FAR==ND§  INPUT, NNT
1 MEASURED, NNT OXYGEN?Y)

FORMAT(1X4A241X,
1 12 92X gF5e w2 (1XoFAaB) g1 XoTby1XoFHa29)XeFhabylXyF5.,843()X
JoFbhe3) g lXyFTeB/bXaFbe?9)YsFhaBe 1 XeFha? 9y 1XyFba?y)XeFhoby)XyFhadyhl(]
2X,F632)/4XoF5.)v?(lon6.3v1X9F“-l)9?(IXoFA.Q)qu,F5.?le;F5.391Xv
AF6.5

FORMAT('0  ATNMIC NUMRFR GNRRFCTINN(ANG) == AMC=ATN/ATD=(RAI)/SA
1) % ( SRS/RRS ) mmmmm (VgAP gt ) ')

FORMAT(?Y * AXy'ARS =1 ,FLOWS/TXs"ABN =t F10.5/TXy'ABND =1 ,F10,5)
FORMAT('Q  ARSNRPTINN CORREGTINN(ARS) == ARS=ARN/ABD===== (Y4A?,

1) e ')

FORMAT(TXy *ATN=YF10.5/TXy ATD=VFLOL5/TXy YRR IE) 4.5/ TX SRl FL4, 5
1 /7Xy'RBS='F14.5/7X ' SRS=1E14.5////)

FORMAT (7X 4 ' ANC=? 4 F10,5)

FORMAT( 10 FLUNRESCFNCE CNRRECTION(ELI) ==  FLUSFLN/FLDmm——— ('eA
124 )mmmmnt )

FORMATI! * A%, 'FLU =0 yFI0,5/7Xe VELN =0 F10.5/TX,'FLD =4 ,F10,6)
FORMAT(/////% ELEMENT CHART ==  WEIGHT PFRGENTI/ JX,h4(0=1))
FORMAT(' DATA PT N TTER ' y3XyA2,10(7X4A3))

FORMAT(1545X415,3X411(2PF10.3))

FORMAT(I54AX 9 A4 43X y11(2PF10.3})

FORMAT (*QOMONE 2 PRNRLEM: INPUT=CNMPNSTITION RATINS .o s NUTPHT-INTENS]
1TY RATIOSY/' PROAALEMHY 415/ ELFMENT, .o e o INTFENSITY RATIN-SAMPLE TN
ASTANDARD=ATNEARNKFLNAC (L) ZATIRARNDERFLOAG (S) /(44X Aby INX4F1R45))

FORMAT('OIN STANDARN COMAINATINN #9¢ [5,2X,A2.' [ISFS STANDARND #1713)

DIMENSTON OXY(100)45TN(9410) 4AK(9),
1 AKL(OLI0)ZUGEIN) oSCLL0) ¢SCONIG,10)4ATNS(10) yABNS(941N) ¢FLNS({9,10),
1 RRS{10),SRS(10)

INTFGER%4 STN,,RSTN

RFALMG NK o NKL,y leL?vL? M) gM2 yMA MA MG LN G KALPHAGKRETASKFENGF, |LALPHA

NAMELIST /DATA/ THETAsTAUL ST NyNEH,MANF 4VO0 41 INE o 1SPEC 4 NPROA,
1 NSTCNM,NM,NRGS,RSTN,M
COMMON/EV/VG(10042) /00701 (100) /RVAL/RK(LOQ) /WVAL/OMEGA(INN,?)
/F9/ ARCNIS50+5043),STG,THETA
CNMMON /RACK/ RGRIMT(9,9)4RKGR(9) 4ASTN(9)4NRABS JRTITLF(20,6)
/STANN/ ESTN(I0,10) ySTRINT(9,9,10) NESTN(ID),
CS(10410) 4STINTD(941048)4CNMPST(9,1N0)
/SCRIPT/ NeMU(R3) NM,M , INDTC
/INFO/ F(SO),Z(‘O),A(SO) KALPHA(S0) 4yKBRETA(50) 4KENGF(S0) o
LALPHA(SO) 4L.3(50) 4yCKIS0) ¢NK(50) 4CKL{50) 4NKL(50),
LSO} 4CLI(S0) o L2{50) 4 CL2(SN)4CIM(EN) MY (EN),
CMLEBN) M2 (50) ,CM2(8N) M%:sn),CMA(Sn),Mé(Sn).
o MS(50)4CVN(SN),NYT(50)
JARGS/ LINFLLIN) VO 4MP o T gl Lo lLLL o) o NCNHINT
/cnRREC/nRIFT(Q,IO,P), TAU(A) 4 ISPEC(9)
JUNKWN/ IINT (7549 48) yNEHLC(1N)

) -4

€ 3¢ J Wy o K T

15

6100
6200
6300
ALO0
6500
6600
A700
ARNO
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
R300
R400
B500
8600
8700
8800
8900
9000
9100
9200
93010
9400
9500
9600
9700
9RN0
9900
10000
10100
10200
10300
10400
10500
10600
10700
10R00
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
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X /XXX/ (H] 12700

A ZINOUT/ INUT . IN 12800
REAL®4 STITLF(?20,10)4UTITLE(20) 12900
SIGMALQ W) E 4,5F5/(0kk], A%=Wkk]) ,AR) 13000
10UT=6 13100
IN®S 13200
DATA LASToLyDySHM/ILASTI 1LY ot MY, 181IMI Y/ 13300
100 RFAD(IN,DATA,FND=100O0) 13400
NU(Le)) =] 13500
INDIC=] 13600
NP1 =N#} 13700
1S=0 13R00
NO 125 I=),M 13900
READ(IN 6T ¢ENND=LO0N0) FT) gNDyALT) oVGIToL) oVEIT42) o L{T)4RK(T), 14000
1 OXY(I)yOMFGA(T41) 14100
1yKALPHA (1) yKRETALT) LALPHA(T) yCKIT) oNK(T) yKENGE (T ) oKL (1) oNKL{T), 14200
PLLET) sCLLICT) L2201 ) 4CL2 (1) 4L3(1), rtM(l).Mttr),CMI(I).M?(l).cm7(11 14300
3 MBT)eCMB(1) oMA(T) yMS{T)CMNIT) ¢NLLT) sOMEGA(T42) 14400

Z(1)=FLOAT(NN) 14500

125  CONTINUE 14600
MP=M 14700
L=) 14800
U2 14900

130 IF(M~U) 135,135,140 15000

135  U=M 15100

160 WRITELINUT3) (F(1)g]=L,i1) 15200
WRITE(TOUT 4} (Z(1)y]=L 1) 15300
WRITE(IOUT5) (ALT1) 415l ,1) 15400
WRITE(IOUT6) (KALPHA(T)oI=L ) 15500
WRITELIOUT$7) (KRETA(L)¢I=L 1)) 15600
WRITE{JQUTB) (KENGE(T) sl 1)) 15700
WRITE{TIOUT+9) (LALPHALT) ¢I=1, 41)) 15800
WRITECTOUTLOM(LBLT) o I5L 411 15900
WRITE(TIOUT L1 (CKLT) o1 =L ol1) 16000
WRITE(TOUTy12) (NK(T)al=l4ll) 16100
WRITE(IOUT413) (CKL(T) o I=1,411) 16200
WRITE{JOUT14) (NKL(T)yT=L4l) 16300
WRITE(IOUY$15)(L1(T),y Tel,l)) 16400
WRITECTOUT916)(CLL(T) g Tl yl)) 16500
WRITE(TOUTGL7)(L2(1) 4I=L4l1) 16400
WRITE(FOUT LRI (CL2(1) 4121 4U1) 16700
WRITE(INUT419) (CLMUT) g T=L,11) 16R00
WRITE(TOUT 20 (M1 (T)41=L4l1) 16900
WRITE(TOUT21) (CMY(T) oT1=L 1)) 17000
WRITE(IOUT$22)(M2(])91=L4l)) 17100
WRITE(TOUT$23) (CM2(T) g 1=l 1)) 17200
WRITE(INUT$24) (M3(T)41=1,11) 17300
WRITE(IOUT$75) (CMB(T) 4 1=L 1)) 17400
WRITE(TOUT26) (M&(1)4T=Ly11) 17400
WRITE (I0UT¢27) (M5(T) 121, 1)) 17600
WRITFL{INUTS2R)(OMNIT) o 1= 4Li) 17700
WRITE(IOUT29) (NL(T) 41=1411) , 17800
WRITECTOUT$30) (VC(T491)3T=L4H1) 17900
WRITE(INUT3L) (VO(142)s1=L41)) 18000
WRITE(TOUT22) (JL(1)4T=L,ll) 18100
WRITE(TOUT«33) (RKIT)yI=1 1)) ; 1a200
WRITE(IOUT 343 (NXY(T)41=Lel)) 18300
WRITE(INUY ¢35) (OMEGALT 1) 9I=Lol)) 18400
WRITE(IOUT36) (OMFGA(T42)9l=Lsll) 1R500
WRITE(INUT 37 (LINE(T) 4T=Lel)) 1RA00
MRITE(TOUT39) (ISPEC(T)4T=1,N) 1R700
IF{UL.GE.M) 6N TN 175 1R8N0
L=U+1 18900
Usl)+12 ' 19000
WRITE(6441) U 19100
WRITE(6441) M ; 19200
GN TO 130 19300

16



17%

200

300
«00

500

580
600

800
900

910
920

930

3200
3300

CONTINUE

WRITE(IDUT,L3R) VO

WRITE(IOUT +49) THETAWITAU(T)s1=)¢3) M MM,NRRS (MIDR
1 +NPRNR
THETAsTHETARA,14)1692A/)R0,0

Jox1=0

DO 200 =1 NEU

IF (F{1)EQ.N) G TN 300

60 TO 400

INXix|

CONTINUE

READ(INGGO) (UTITLE(T) yIx1420)
REANDIS42) (GULI) o Im)WNEL)
FORMAT{BF10.7)

NnO  S00 =1 ,NEl)

Cltl)= OL%xC(]Y)

IFCINX1.6T.0) COXY= C(INX1)

DO 600 Knl NM

READ(IN,40) {STITLE(T+K)yI=1420)
READ(INs41) NESTLIESTN()4K) oI=LoNFST)
READ(ING2) (CS{T 4K ) oI=1 NFST)

DO 550 1=} ,NEST
CSUToeK)E,OLRCS(14K)

NESTD(K)=NEST

CONTINUE

JTF(NBGS.EN.0) 6N TH 900

DO BOO K=)l,NRGS

READ(INGAN) (RTITLRE(]K)el=1,20)
CONTINUE

CONTINUE

TFINP)L,GT.MELL) 6O TO 920

DY 910 I=NP1NFI)

IF(E(I)LEQ.O) 6N TN 910
JF{C{I)BE.1.FE=5) B TA 910
WRITE(IOUT¢51) F(1)

sTOP

CONTINUE

DO 930 I=)l .M

1K= ‘

JR{LINF(])EDGL) [JK=2

LINE(T)=]JK

CALL ABSCO

IF{MODE.EQ.Y) CALL DATPTS

NCDUNT=1

DO 4000 K=l N

NEST=NESTDIK) ;
CALL ATNCOR{RBS(K) ¢5RS(K) ¢yNESToCS{1 oK) oATDSIK) oESTD(1,K))
WRITE(INUT 447) (STITLE(TK)4E=]420)
WRITE(TIOUT ¢43) NESTL(ESTN(T K)gl=1eNFST )
WRITE(IOUT46) (CS{T4K) o 1=14NEST)
WRITE(IOUT +44) ATNSIK)

DO 3500 I=).M

DN 3500 J=1NFST

JF (E())NE. ESTR(J4K)) 60 TO 3500
LLL=2(1)

DO 3200 JJd=1,NSTCOM
IF(STD(]I v JJ)oEQ.KY GD TO 3300

GO TN 3500

LL=LINE(])

JF(LLLLGE«37) LL=2
SIG=SIGMA(VOWC{T L))
SCON(I4K)=CS{J4K)

CALL ABSCOR(NESToCS(14K) ¢ABDS(T4K)eESTN(1:K))
WRITE(TOUT 445) E(T)4CHIZARDS(Y4K)

. FLDS(I,K)=],

TF(NEST6To1)
1 CALL FLUCOR(CS(IyK) yFLDSIT oK) oESTD(1,K) NEST)
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19400
19600
19400
19700
19800
19600
20000
70100
20200
20300
20400
20500
20600
20700
20R00
20900
21000
21100
21200
21300
21600
21500
21600
21700
21800
21900
22000
22100
22200
22300
22400
22500
22600
22700
22800
22900
23000
23100
237200
23300
22400
23800
723600
23700
238090
23900
24000
24100
24200
24300
26400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25600
25700
25800
25900
26000




3500
4000

4050

4100
4200

5050
5075

5150

5200

5250
472

5325

5400

5450

CONT INUE

CONT INUE

DO 7000 KKKK=1,NSTCOM
WRITE(IQUT,50)

DD 7000 IGROUP=1,INDIC
NUP=NU( TGROUP 1)

DO 7000 NC=1,4NUP

GO TO (4050,4100) yMODE
NCOUNT=0 "

GO TO 4200

NCOUNT=1

DO 5050 I=1,N

KeSTD( 1 yKKKK)

SC(I)=SCONIT K)

TF(NC.EQ.1) WRITE(TIOUT,T720) KKKKyE(T) 4K
IF(MODEEQ.2) GO TN 5050
DR=DRIFT( 14Ky IGROUP)ENC
STINT=STINTD(I,K,IGROUP)+NR
AK(T)=UINT(NC+I4IGROUP)/STINT
CUI)=AK(1)%COMPST (T 4K)

CONT INUE

IF (TOX1.NE.O) CALL OXYGEN(OXYeCyAy NyIOX1,COXY)
SUMM=0,0

DO 5150 J=1,MNEU

UC(J)=CI(J)

SUMM=SUMM+UC (J)

INDEX =0

IFINC.GT.i! GO TO 5200
WRITE(ITOUT,715)
WRITE(TOUT¢716) (F(1),1=1,NEU),SIIM
CONT INUE

MRITE(TOUTy7T1TINC o INDEX S (UC(T)yI=)oNEL) oSUMM

DO 5500 INDEX=1,10
CONT INUE
CALL ATNCOR(RRBISySRUSNELGLIGC,ATNGE)
DO 5400 I=1,N
K=STD{T4KKKK)
LLL=2(1)
LL=LINE(])

SIG=STOMA(VOGVO (T ol 1))

CALL ARSCOR(IMEN LG ¢ ARNLE)

CALL FLUCNR(IIC sFLNGF ¢NFLJ)

ANC=ATN/ATNS(K)

ABS=ARN/ARNDS( ] oK)

FLU=FLN/FLDS(I,K)

AAD=ANCHARS*FLI)

AKYI(T)=AAAXUCIT)Y/SCI(T)

TF(NCOUNT.EQ.D) RO TN 5400

WRITE(IOUT,713) E(1)

WRITE(IDUT 714} FLUGFLNGFILDBS(T LK)
WRITE(IQUT,,707) E(1)

WRITE(IDUT+706) ARS,ARNSZARDS(T,K)
WRITE(IOUT»705) E(1)

WRITE(IOUT,711) ANC

WRITE(IOUT710) ATNLZATNS(K) yRAUSSAULRRS(K) ¢SRS(K)
CONTINUE ‘
IF{(MDDEL.EN.2) GN TN K550

IF(NCOUNTLEQL,1) GN TO 58575

CALL CHANGE(N,AK) ¢AK 2UIC)

IF (T0OX1.NE.Q) CALL DOXYGEN(OXY4UCehy NyIDXI4CNXY)
IF(NC,LNE.L1) GO TO 5475

SUMM=0,

DO 5450 I=1,NEU

SUMM=SUMM+LIC (1)

WRITE(6¢yT717) NCoINDEX o(UC{I)oI=14NEII),SIIMM
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26100
26200
26300
26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
27500
27600
27700
27800
27900
28000
28100
28200
28300
28400
28500
28600
28700
28800
28900
29000
29100
29200
29300
29400
29500
29600
29700
29R00
29900
30000

30100
30200
30300
30400
30500

30600

30700
30800
30900
31000
31100
31200
31300
31400
31500
31600
31700
31800
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32200
32300
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5475

CALL ENDIT(NsAKY4AK4FA5525)

5500 CONTINUE
5825 JF(NC.NE.1) GN TO 5600
NCOUNT=1
WRITE(TOUT,4R)
GO TN 472
5550 WRITE(64719) NPRORW(F(T)4AKI(T)oI=)N)
c0 TO 7000 .
5575 IF(NC.NE.1) GO TO 5600
WRITE(IOUT,715) :
WRITE(TOUT,7161 (E{1)41=)4NEI),SUM
5600 IF (IOX1.NE.O) CALL DOXYGEM(DXY, UG A, N,INX),CNXY)
SUMM=( .0
DO 5625 1=1,NEU
5625 SlUMM=SUMM+UC(T)
INDEX=LAST
5650 WRITE(JOUT,718) NCoINDEXS(UCII)yI1=14NEU) o SIIMM
7000 CONTINUE
GN 7O 100
10000 RETURN
END
SUBROUTINE ABSCO
REAL %4 KALPHA.KHETA,KEDGF,LALPHA.LAMRDA
REAL®S NK NKL o1 gL? o2 oMY M2 ,M3, M4, MG 4N
COMMON /SCRIPT/ NyNU(R,3) yNMgM '
X / INFOY/ EL50) 47(50) 4A(50) yKALPHA(RD) ¢KRETA(RN) 4KFNAFIHN)
1 LALPHA(SO) sL3(50,) 4CKISN) JNK{EN) 4 CKIL (B0} «NKL{H0)
2 LLESO)Y sCLYIISO) yL72(50)oCL2(BN) CILMIEN) MY{5N),
3 CML(S0) yM2(EN) 4 OM2{EN) yMA(EN) ¢OCMRIHN) 4ML(RN),
4 ME(6HN) JLMN{SN) oMY (&)
X /F9/ ARCO(SN 81, R) JINDUT/Z IONT
DIMENSINN LAMRNDA(SN)
c THIS SURROUTINE COMPUTES AND ASSOCIATES THE MASS ARSORPTION CNEFFI
EQ(XI.YI,ZL)=X1*Y1**ZI
WRITE(IDUTT70Y)
NN BOL JUMP=1,3
GN TN (B4) R444R4D) 4 IIIMP
R4l DN RS5Y1 J=1.M
851 LAMBDA(J)=KALPHA(.)
6N TN RBl4
R4? DN R52 J=14M
AS5? LAMRDA(J)=KRFTAL()
GN TO 814
B44 ND B854 J=]1 .M
854 LAMBDA(J)=LALPHA(Y)
B14 DN 801 I=14M
DO RO)L J=1,4M
ABCO{TI ¢J o JUMP) =00
IF(LAMRDA(U!)eEN.DL) GO TN RO
IF(LAMBDA(J) JLT.KENGE(T)) GN TN 1}
JE(LI(T)LEQ.N.0) LLIIT)=50,0
IF(LAMRDA(J) .LTLLI(T)) GO TO 2
IF (LAMBDA(J)LLTLL2(D1)) GO TN 3
TIF(LAMBDA(J} LT.L3(T)) GO TN 4
IF(LAMRDA(M) LTMI(I)) GO TD 5
IF(LAMBDA(J) «LTeM201)) "GN TN A
IF(LAMRDA(J) «LTM3{I)) GO TO 7
IF(LAMBDA(J) .LT.M4{(T)) GN TN R
IF(LAMBDA(J)«LT<M5(I)) GN TO 9
IF(LAMBDA(J)LELNI(T)) 6N TH 10
GND TO (100041100,1000) 4. JUUMP
1000  WRITE(IOUT412) LAMBDACJ) ¢RI J) «NI(T)0EL(T)

60 70 5
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32700
32800
32900
33000
33100
33200
33300
33400
33500
33600
33700
33800
33900
34000
34100
34200
34300
34400
34500
34600

100
200
ano
400
500
A00
700
800
900
1000

1100
1200
1300

1400
1500
16400
1700
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2000
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2200
2300
2400
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2600
2700
2R00
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3300
3400
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3600
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3900
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4100
4200
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00 WRITE(TIOUTL3) LAMBNA(Y) oE(U) ¢yNLLT) o F(T)

GO TO 5

1 ABCO(T 99y JUMP ) =CK (T )RLAMRNA () %sNK (] )

G0 TN ROL

N

ABCO(T 9 J o JUMP ) =CKL (1)L AMBNA () )iexNKL (1)

GO0 TO 801

3 ABCO(T o J g JUMP )Y =CLLLT ) XLAMARNA (Y )RENKIL(T)
60 TO 8Q)

4 ABCO( T g J g JUMPY=CL2 (T )HLAMRDA () ) AaeMKL { T)
GO TN &0

5 ABCDA T o JoJUMPY=CULM{ TYRILAMRDA () %%D JAD
GD TN ROL

6 ABCN(14J oy JUMP)=CMYL(T)RLAMBRDA( ) %%2 ,AD
GO TN 8O

T ABCO(T o g JUMPY=CMP (T ) lLAMRDA( ) %%D ,AD
GN TO 801

B ABCO{T oy JUMP)=CMI(T)RLAMBRNDA(, )2 A0
GO TN R0}

9 WRITE(A,13) LAMBRDALY)
G0 TO ROL

10 ABCO(T o J g JUMP) =CMN( T )R AMRDA ()} %%2 ,2?

RO1 COANTINUE
WRITE(IQUT,701)
NN 901 JUMP=],3
GO TN (1200,1300,1400) ,.)1IMP

1200 WRITE(IOUT,702)

GN TN 1500

1300 WRITE(IOUTy 704)

GO 70 1500

1400  WRITE(IOUT,705)
1500 L=)

15

16

MI=MINO(]4,M)
50 WRITFOINUT,703) (F{T),1=LM]
NN 16NN I=] .M

)

N0 WRITE(TOUT,704) FLT)y (ARCO(T o Je JHMP) wil=l 01T
JF (MI.GE.M) GN TN 9N}
L=MI+1
MI=MINOQ(MT+]4,M)
GO TN 1550

9n1 CONTINUE

12

13

701 FORMAT(*LCNRRFCTINM VALHES
L)V/1Xe87(=1))

702 FORMAT( ! MASS ABRSPORPTINN
1ALPHA RADTATINNY )

TO3 FORMAT(14(7X,A2))

T04 FORMAT(LX gA?2 42X 914 (FTe147X))

705 FORMAT(?® MASS ARSORPTION
1RETA RADIATIONY)
706 FORMAT(?! MASS ARSORPTINN

1ALPHA RADTATIONT®)
FORMAT (' LAMRDA=K (' 4Fho3,')
1 ) OF 'A4)

nF

(FIRST NATA POINT o |LAST ITERATION

CAFFETCIENTS (EMITTFR AT TNP) ==

CAFFFICTIENTS (EMITTFR AT TNP)

{
L

COEFFICTENTS (FMITTFER AT TOP) ~-

VAL !

FORMAT( ' LAMRDA=L (' Fhe3,4') NF tAL,?

1 ') NE 1A4)
END ‘

SUBROUTINE ABSCOR (NEL,C,AB,EL)
REAL*4 EL{10},C(10)

COMMON/ XXX/ X
1 JINFO/ E150),2(50),8(50)
3 /F9/ ARCO(B504H8043),SIGITHETA
4 JARGS/ LINE(1Q) VO 4MyT KK
AAVE=0,0
ZAVE=0.0
X=0,0

20

IS GRFATER THAN N) (', FAh.3,

IS GRFATER THAN N1 ('yFA.3,

K

4300
4400
4500
4600
4700
4R00
4900
5000
5100
5200
5300
5400
5500
5600
5700
5R00
5900
6000
A100
6700
6300
6400
A500
A600
A700
6RON
A90N0
7000
7100
7700
7300
7400
7500
7600
7700
TR0OO
7900
R000
R100
R200
A300
R400
8500
R600
BT00
RRNO
R9N0O
000
9100
9200
9300
9400
9500
9600
9700

100
200
300
400
500
600
700
800
900



DO ? J=1,NEL
nn 7 K=19M
TF(F(K),NELELIJ)) GO TN ?
AAVE=AAVE+C(J)%A(K)
ZAVE=ZAVE+C (1) %7 (K)
¥=X+C LA )X ARCN(K 4T 4KK)

72 CONTINIE
H=1o 2%AAVE/ZAVEX%D
X=X/SIN(THFTA)
AR=(140+H) /({104 X/STG) () OHX() JO+X/STR)))
RETURN

- END

SUBROUTINE ATNCOR (RB,SB,NEL,C,ATEL)
DIMENSTON EL(10),C(10)
COMMNN/ZEV/VCLLINN,2) /000 /741100)
1 /INFO/ E(50)472(50)«A(50)
? /ARGS/LINFLLI0) ,VN,M
RA=0,0
SA=0,.0
DD 1000 T=1,M
DO 500 K=s1,MFL,
500 TFEE(T)LEQEL(K)) GO TN ANO
Gy 10 1000
600 L=2(T1)
LL=LINE(T])
JR(L.GEL3T) LL=?
V=,5%(VO+VC{T,L1L))
RECU=VC(I,LL)}/VO
CALL IMTERP(RECH S +RAR)
RB=RA+C(K)*RAR :
S=Z(T)/ACTIRALIG((]) JIAAFARN/HLT)))
SR=SR+C(K)*S
1000 CONTINVE
AT=RR/SA
RETURN
END

SUBROUTINE CHANGE (N,AK1,AK,UC)
DIMFNSTION AKYI(10)AK(1O)SUCTINY
c THIS SUBRONITINF GIVES NFW VALIIFS FNR THE WFIGHT PFRGCENTS
BN 200 I=1,N
J=1
100 RAT=AK(I)/AK1(I)
UC (J)=RATXRUGC ()
200  CONTINUF
RETURN
END

SUBROUTINE DATPTS
TNTEGER*4 RSTH ;SAME
. REAL*4 TBG(9,3) 4 TSTN(9,10,3) 4XINT(3)
COMMON/SS/S(3)
COMMNN /BACK/ BGINT(9,9) 4RKGR(9),RSTN(9) JNRAS
X /SCRIPT/ NyNUI{842) ¢NMeMy INDTC
X (STAND/ ESTD(10,10) 4STNINT(9,9,10) ,NFSTN(1N)
7 X JUNKWN/ UINT(75,94R)
X /INOUT/ 10UT,IN
X /INFO/ E (50)
WRITE(10UT,701)
DO 100 K=1,NM
DO SO L=1,9
DO 40 J=1,3
TSTD(L K yJ)=0,

21

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100

106
200
300
400
500
A00
700
800
9non
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
7300
2400

100
200
300
400
500
600
700
ROO
900
1000

100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500




40
50

100

200

250
275

280
3000
3025

3050

3075

4000

4100

5000
5050

5100

6000
6050

6100

20000

CONTINUE

DO 50 J=1,4N
STDINT(LyJ4K)=0,
CONTINUE .
IF(NBGS.EQ.0) 6N TN 275
DO 250 K=]1,NRGRS

D0 200 J=1,3
TRG(KyJ) =0,
CONTINUE

DD 250 J=1,M
BGINT(J4K) =0,
CONTINUE

CONT INLIE

DN 280 L=1,R

DO 2R0 I=1,3
NU(L,1)=0

DO 20000 ICT=1,2000

READ{IN,1) TIME o XINT o SAMF 4 NUMRNG 4 IMDTIC oNNST o THNK | AST

GO T (3025,3050,30756) 4NIIMRDG
17=1

INDMAX=MINO (N,3)

G? TN (4000,5000,6000) ,§AME
1T=2

NUMRDG=4

INDMAX=MINO(N,4)

GN TN (4000,5000,A000) 4SAME
17=2

NUMRDG=7

INDMAX=MINO(N,9)

GO TN (4000,5000,6000) ySAME
NUCINDIGCy IT)=NU(INDIC,TT)+]
WRITE(1OUT,70?)
1 S(SAME) yNU(INDIC,IT),TINEXINT

2 yNUMRDGy INDIC 5 (E () ¢ J=NUMRNG ¢ INNDMAX )
K=0

DN 4100 J=NUMRDG 4 INDMAX

K=K+1

UINTINUCINDIC,TT) o INDICY=XINT(K)/TIME

CONTINLE

GO T0 20000

TSTDCINDIC yNOSTHIT)=TSTDCINDICoNOST, IT)+TIMF

K=0

DO 5100 J=NIMRDG 4 TNDMAX

K=K+1
STDINTUINDICydyNOST)=STDINTCINDICydyNOST)I+XTNT(K)
CONTINUE

WRITE(TOUTT702)S{SAME) ¢NOSTaTIME¢XINT 4 NUMRNG 4 INDIC
1 . {E(J) 9 J=NUMRDG 4 INNDMAX)

GO TO 20000

TRGINNST o IT)=TRG(NNST,IT)+TIMF

K=0

DO 6160 J=NUMRNG 9y INNMAX

K=K+1

BGINT(JyNOSTI=RGINT()4NOSTI+XINT(K)
CONTINUE

NRITE(IOUT,?OZ)S(SAME)oNﬂSToTIMEyXINTQNUMRDGvINDiCo
1 (E(J) 9 J=NUMRNG 4 INPMAX)
IF (LAST.NE.O) GO TN 21000

21000 DO 21500 K=1,NM

NN 21400 I=1,INDIC
D0 21200 J=1,4N

GO TO (21010,21010,21010,21020,21020,21020,21030,21030,21030),.

21010 1T7=1

GO TN 21040

21020 17=2

GO TN 21040

21030 17=3

22

1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2R00
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000

4100
4200

4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
ROOO
8100
8200
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21040
21200
21400
21500

21510

21520

21530
21540
21600
22000
23000

23100
23200

23300
24000
25000

702

1

701

36

IF (TSTOIT oKy IT)oNESO)STOINT(ToudyK)SSTDINT (T4 oK) /TSTRIT Ko 1T)
CONTINUE
CONT INUE
CONT INUE
IF (NRGS,ENL0) 60 TN 23000
DO 22000 K=1,NARS
DD 21600 J=1,N
JF(RSTN(J) NF.K) GO TN 21600
GO TN (21510,21510,21510,21520,21570,21520,21530,21530,21530)
17=1
GO TN 21540
17=2
60 TN 21540
17=3
BGINT (JyK)=RGINT (oK) /TRA(K,IT)
CONT INUE
CONTINUE
INDIC=INDIG-1
GO TN (25000,25000,25000,23100,723100423100,23300,23300,23300),N
ND 23200 I=1,INDIC
NDCT L) =MINOCNIT o1 ) oM T4?) )
6N TN 25000
DD 24000 1=1,INDIC

NUCT 1) =MINOCNUCT o1 ) oNUCT92) 4N T43))

CAL)L MNDIFY

RETURN

FORMAT (' LINPUT INFORMATION'/1X,19('=*)/'0TYPF NIMRFR TIMF )

13(YINTENSITY V) g "NUMRDGY 43Xy VINDIC Y 9 BX 4 VFIFMENT V4 65X ' F] FMENTY,
2 S5Xy¢'ELEMENT')

FORMATA'0 9A2 9B X o T 592X gFTe29212X9F11al )y 95 TRyRXGA2410X4A2,10X,42)
FORMAT(F6.,0,3FR.N,1X 2411,12,11)

FORMAT (%" ' ,A5)

END

SUBROUTINE ENDIT (N,AK1,AK,*)

DIMENSION AKYI(10),AK(10)

THIS SURROUTINF TELLS WHFTHER NR NAT TN STNP TTFRATING
ICON=0

DO 36 1=1,4N

IF( ABS(AKI(I)/AK(T)=14)eRTo5.N=3) TCONSICON+]

CONT INUE

IF(ICON.EQ.O) RFTURN 1

RETURN

END

SUBROUTINE FLUCOR (C,FL,EL,NEL)
COMMDIN7WVAL7DMEGATL100,+2) /RVAL/ZRKILOO}/EV/VE(LD042)
COMMON/ XXX /X
1 JINFO/ E(50)42(50)A(50)

5 /INOUT/ 10UTY
3 /F9/ ABCQ(50+50,3),SI1G,THETA
] /ARGS/ LINE(10) ¢VOeMaL yLLsLLLsTNCOUNT
REAL*4 LORK(2) /'K'ytpLY/

REAL*8 KAUBLA(G)/2%'K ALPHA ' ,2%t'K RETA 1,2%% ALPHA '/
DIMENSTION £2L(10)4C(10),ITEST(A)4PL6) k
DATA P/1e040e244304190.02444,2,1,0/

UA=VO/VC (L,LL)

AR=RK (L)

FL=1,0

DO 5 J=1l4M

DO 5 T1J=1,NEL v

TFLE(J) NELEL(IN)) GO TO 5

CALL TEST(JsL,ITEST)

SFK=0.0

DO 4 K=LLybo2

IFCITEST(K)WNELY) GO TO &

GO TO (125,125,150,1504175,175)4K

23

R300
R400
B500
RAOD
RTOD
ARNO
8900
9000
9100
9200
9300
9400
9500
9600
9700
9R00
9900
100006
10100
10200
10300
10400
10500
10600
10700
10800
1n90n
11000
11100
11200
11300
11400
11500

100
200
300
400
500
00
700
800
900
1000

100
200
300
400
500
600
700
00
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
20006
2100
2200
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125

150

175
200

400
712

713
714

3

4

I»')-.

~ >

KALPHA RADIATION

Kl=1

KK=1

60 T0 200

KRETA RADINATION
K1l=3

KK=1

G0 70 200

LALPHA RADIATION
Ki=2

KK=2

KAY=Z2(J)

JFAVC(J9KK)eENLOL) GO TO 4
IFIABCO(JsJeK1) oFD.N0,0) GO TN 4

LIR=VO/VG () 4KK)

NEN=0,0

DN 3 K2=14M

NN 3 JJ=14NFL
JRIF(K2)aNF.FLELS) ) 6N TN 7
NDEN=NFN+C I JD)RARCN(IK? o yK1)
CONTINVE

XF=X/NFEN
Y=SI1G/DEN
IF('.LDEQO?>AR=4on
FK=¢ SXPIK)H() a=1 o /AR)MOMFGA( o KK )N(A(L)/A(d) )R (UR=T )/ (A=Y ))
1EEY GHTH(ARCO(L o) oKL ) /NENIS(IAILNGIY o+ XF)Y/XF)HIALNG(L oY )/Y))
FR=G(TJ)%FK

SFK=SFK+ FK

ITEST(K) =0

TFINCNUNT  EQWL) MRITFEINUT712) FLA) oKAKBILAIK)Y oF(L Yo LNRK{LL ) 4FK,
1 F(J)?C(IJ)

CONTINUE

FL=FL+SFK

CONTINUE

JRF{NCAUNTNFE,1) RETHRN

IF( FLLNELL) 60 TO 400

WRITE(IOUTL713) E(1,)

RETURM

WRITE(IOUT,T714) F(L)4FL

RETURM

FORMAT(? 1 4A24'=0 4 AR? FLOURFSGCREN 1A=t J AP, Ve EX 1KF= ,F 13,6,
1 7Xv'C( '9579' )='1F13-5)

FORMAT (' NN FLEMENT FLOURESCED Y4 A2, % . o o KF(TNTAL )= 1.00 ., )
FORMAT(' TNTAL FLNURFSCENCE CNRREGTION FNR ' ,A2,'=1,F13,.5)

END

SUBROUTINE INTERP (RECU,1Z,RAB)
COMMON/RA/R(11411)

DO 1 K=1,10
IF(I1Z.LE.K¥*10) AN TO 3
CONTINUE

J1=K

12=11+41

JF(RECU.LE.s1) GN TO 7

DO 6 L=2,10

AL=L

IF(RECULLF.AL®,1) GN TO R
CONTINUIE

Jl=1

R=,01

6Nh TN 9

Ji=tL

B~=(AL"1. )*.1

24

2300
2400
2500
7600
2700
2R00
2900
3000
2100
3200
3300
3400
ason
3600
2700
800
900
4000
4100

4200

4300
4400
4500
4600
4700
4AR00
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700

100
200

300
400

500
600
700
ROO
900
1000
1100
1200
1300
1400
1500
1600
1700

i AL
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9 J?"'Jl"'l

IF{J1.EQ,)) 6N TN 10
X210
GN TN 11

10 ¥=,09

11

C

1000

1100

1150

1500
1600

2000

3000

3500
4000

Y=10.0
RARL=R(TLyJL)+((RFCU=R)/¥)H(R{T14I2)=R(T1a:l1))
RARZ2=R(I2yJL)I+((RFCU=R)/X)H(R(]2,4J2)=R(T124.1))
RAR=RAR)L+((1Z2=10%(K=)))/Y)%(RARP=~RAR])
" RETURN
FND

SUBROUTINE MODIFY

INTFGERM4 RSTD ,
GOMMAN /RAGK/ RGINT(949) JRKBR(Q) JRSTN{9) JNRGS,ATITLF(20,9)
/STANR/ FSTN()D,10) «STNINT(Q,9,10),NFSTN(1N),
CSEL04IN) 4STINTN(9,104R) 4(NMPST(9,10)
JUNKWN/ LIINT(75494R) ¢NFUGGC(1N)
JINEN/ F{?28) /JINOUT/Z INUT
/SCRIPT/ NyNMI{ReR) ¢NMMyMy INNI(,
JCNRREC/ NRIFT(O410,8)yTAL{R),ISPFC(9)
NEADT X Y ) =X/ (1=XnY)
N 4000 1=),M
RKGR(1)=0,.
IF (NBGS.ER.N) GN TO 1000
BACKGROUND GNRRFGTINNS
K=RSTD(1)
IF(K.EQL0) GO TO 1000
BKGRIT)=RGINT(TK)
WRITE(TOUT 1) (RTITLF(JdeKigd=1420)4RKAR(T)
FORMAT(? 2 ,20A4,5%X,E13.547 CNUNTS/SFLANDY
JU=TSPEC(T)
NN 2000 K=1,NM
NEST=NFSTD(K)
DO 1100 J=1NFST
TF(ELI)WEQ.ESTN(U4K)) GO TN 1150
CONT INUE
GN TN 2000
DRIFT CORRECTINNS
PO 1600 L=14INDIC
DRIFT(T 4K, L)=D,
Ll=L+1

W W 3¢ XX Xx¢

IF(ABSESTDINT(LLyT oK) =STDINT(L T 4K) ) ohaFobo*SORTISTNINTILeT4K)))

10RTFT(T4KoL)=(STNINT(LY ¢7oK)=STDINT(Ly T oK) )/NII(Ly1)
STANDARD INTENSITY CORRECTINNS

CONTINUE

STINTD(T 4K oL)=NEADT(STDINT(L 414K ) o TAU()I) )=RKGR(T)
CONT INUVE

COMPST(1,K)=C5(JyK)

FORMAT (314,9F13,5)

CONTINUE

DEAD TIME AND RACKGROUND CORREGTINNS TN UMKNAWN
PO 3500 L=1,INDIC

NUP=NU(L41)

DO 3000 J=1,NUP |
UINT{d5 1oL )=NEADT(UINT (JoTal) o TAU(II) ) =RKGR( T )
CONTINUE

CONT INUE

RETURN

END
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1R0ON
1900
2000
2100
2200
2300
2400
7500
2600
2700
2RNO

1n0

200

300

400

500

~00

700

ROOD

900
1000
1100
1200
1300
1400
1500
1600
1700
1200
1900
2000
2100
2200
2300
2400
2500
2600
2700
2R00
2900
3000
3100
3200
3300
3400
3500
3600
3700
3R00
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800



SUBROUTINE OXYGEN (OX,C,A,N,I0X,COX) 100

CIMENSION OX{100),CEIN)AL10),2(10) 700
CT=0, 300
NN 100 =1 4N 400
100 CT=CT+CI )/ UNX(TY%AL(T])) 500
CIINX)=COX+] A RAT 400
RETURN 700
FND RO
SUBROUTINE TEST (KKK,LLL,ITEST) 100
REAL%4 KALPHA KBETAWKENGF 4 LALPHALLFNGF 200
COMMNM /ZINFN/ SPACF(150) yKALPHA(SN) ,KRFTA(SD) KENGE(BN), 300
1 LALPHA(SO) (1. FNGF(6N) 400
DIMENSION TTEST(A) 6500
DN 100 I=1,46 600
100 ITEST(1) =0 700
JF(KALPHA(KKK) JLTKEDPRE(LLL)) ITEST(1)=] AN0
TF(KALPHA(KKK) oL ToLFDGE(LLL) )Y TTEST(?2)=) . 900
JRF(KRETA (KKK) LT.KENGE(LLL)) ITEST(3A)=1 1000
TF(KRETA (KKK)LTLLENGE(LLL)) ITFST(4)=]) 1100
TF(LALPHA(KKK) oL T.KEDNGE(LLL) ) TTEST(5)=1 1200
TFILALPHA(KKK) S LTSLENGE(LLL)) TTFST(A)=]) 1300
RETIRN 1400
END 159¢C
BLOCK DATA 100
COMMNN /RA/R{11,11) 200
COMMON/SS/S(3) 300
DATA R/1e0092,93440R561eTRAeT351eh934e6h219,h2590h110a5974.5T78, 400
Al1e0041e9844eB733RNByeTON3eTIRyoARAy ebAByeh3Nyah1B3y.ANAy1.00,4.953, 500
BuBBAyaB2ByeTR?1oT41 90T1390bRT 46665400391 0H344)1.00449614.9N3,.847, 600
c.9041076‘01073790713y06911066510661910001-9639-9l7!oR679-R?7v-7899 700
DeTbbeoT404:T1R 0209590691 01a0040975+2933¢eRRRyaBHLaB1TeaT93,.770, ROO
E.7507.7307.7?591.00,.9819.9437.9119.8789.Rl*’,’03759¢8051o7359.7670 900
Fw76371t00'09‘881-96390935’09079oRR11'ﬂ6?9'HI449oﬂz&!oall’uﬂn()'loony 1000
$e9934¢977 5095044938 1969199.9049eARFyeRT4yeRA731eB5R41e004.997,.990, 1100
HeO9819e970149561.950909%4)94932949244.921411%1.00/ 1200
DATA S/'U* 'S4 'RAY/ 1300
END 1400
26
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APPENDIX II

Glossary of Terms Used in the Microprobe Correcticn Program

A(D), 1SI5M
AK(D), 1SISNSM
AK1 (), 1SIEM
AAA
AB
ABN
ABDS(I, K), 1SISN
1< KSNM
ABS

AT

ATN

ATDS(K), 1< K <NM

ANC

ABCA(I, J, K)
YTSIEM
1sJEN
1sK<3

Atomic weight of the element, E(I).

Ratio of the measured intensity readings for E(I)
in the unknown to the average corrected intensity
reading of E(I) in standard K. (Equation 2).

Value of k, (calculated) at the ith iteration;
AK1(I) = AAA* UC(T)/SC(D).

Product of ZAF, This is calculated separately
for each element E(I).

Dummy argument for absorption correction in
subroutine ABSCOR.

Absorption correction for the unknown. This is
computed for each element E(I).

Absorption correction for E(I) in standard K.
Combined absorption correction
ABS = ABN/ABDS(I, K).

Dummy argument for the atomic number correction
in subroutine ATNCOR.

Atomic number correction for _the unknown.
Atomic number correction for standard K.

Combined atomic number correction
ANC = ATN/ATDS(K)

Matrix of mass absorption coefficients with E(I)

the absorber, E(J) the emitter, at the K, -line
K= 1), K[3 -line (K = 2) or L _-line (K = 3).

27
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BSTD(I), 1S IS N

BKGLR(D, L=IEN

BGINT(I, K) 1IN
1< K<NBGS

BTITLE(J, K), J=1,2 ...20
1£ K < NBGS

¢(D), 1S 1S NEY

CK(D

CKL(I)

CL1(})

CL2(1)

CLM() 1SISM
CML(I)

CM2(I)

CM3(I)

CMN(I)

CS(I,K), 1SISNESTD (K)
15KSNM

COXY

COMPST(I, K),1SI<N

1S KENM
CHI
DRIFT(I,K,L),1SI <N
1<KSNM
12 L<INDIC-1

If BSTD(]) = K, 1 SK 2 9, then background standard
K is used for E(I). if BSTD (I) = 4, no background
correction is necessary,

Average background intensity for E(I),

Average background intensity readings for each
element E(I) using background standard K in units
of counts per second.

Identification card for background standard K.

Composition (wt%) of E(I) present in the unknown.
C is used as a dummy argument denoting the
composition of a sample in subroutines FLUCOR,
ATNCOR, ABSCOR, OXYGEN

Constants for computing mass absorption coeffi-
cients in subroutine ABC@ where /o = CA™.

Composition (wt%) of each element (ESTD(I,K))
present in standard K.

Wt% oxygen present in the unknown which is given
as input, CYX is dummy argument for CPXY}in
subroutine OXYGEN,

Wt% of E(I) present in standard K.

' X'= used in computing absorption correction

(Equation 8, 9).

Total Drift correction to intensity readings for
E(I) in standard K. L refers to INDIC-1, the '

number of times the standards have been
measured.
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EL

DR

DATA

E®D

ESTD(L,K)
1< I < NESTD(K)
15 K $NM

FL

FLN

FLDS(L,K),
1SISN
15 KSNM

FLU

IN
1UT

I6X1

Dummy argument used to specify chemical symbol
of each element in a sample. EL is used in sub-
routines ABSCOR, FLUCOR and ATNCOR.

Drift correction for unknown calculuted for each
element E(I).

NAMELIST name which inputs the following param-
eters: THETA, TAU, STD, N, NEU, MPDE, Vo0,
LINE, ISPEC, NPROB, NSTCOM, NM, NBGS, BSTD,

Array of chemical symbols of all elements used in
the problem; this table is ordered as described in
Appendix IV (E File),

Array of chemical symbols for the elements E(I)
present in the standard K.

Dummy argument for fluorescence correction in
subroutine F LUCOR,

Fluorescence correction for the unknowp. If nec~
essary, this is computed for each element E(I) in
the unknown.

Fluorescence correction (if any) for E(I) in
standard K.

Combined fluorescence correction
FLU = FLN/FLDS(L,K)
FLU = 1.0, if no correction,

Specifies which computer input unit is used.
Specifies which computer output unit is used.
Subscript used to denote whether oxygen is present
in the problem.

If I X 1 =0, no oxygen
If ID X1 > 0, oxygen is present
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ISPEC(]),
I=1,N

INDIC

J1(D), I=1,M

J

KEDGE (1), I = 1,M
KALPHA(D), I = 1,M
KBETA(D), I = 1,M

LALPHA(D),I = 1,M

M
N

L1(D), I=1,M
L2(n, 1= 1,M
L3(D), I=1,M

M1(1), M2(D), M3(D),
M4(), M5(D), I =1,M

NK@D, I=1,M

NKL(D), I = 1,M

Denotes whoch spectrometer was used to measure

E(I).

The number of times the standards as a group
were measured (see Appendix IV, Data set D).

Mean Jonization Potential - Input to MAIN.

Mean Ionization Potential - as used in subroutine
ATNCOR,.

K-edge for E(I)

Wavelength of K -line for E(I).
Wavelength of Ks~line for E(I).
Wavelength of L -line for E(I).

The number of different elements used in any
problem, 1< M < 50, This includes elements in
standards, and unknowns.

Number of elements in the unknown measured by
the probe.

Wavelengths associated with the 3 L-edges,
L;, L;;, L;;;; used in subroutine ABC@ to obtain
mass absorption coefficients,

Wavelengths associated with the 5 M-edges, used
in subroutine ABC{ to obtain mass absorption
coefficiernts.

Exponent of A for each element (I) in the expression

for mass absorption coefficient (u/po = CA") in the .o
wavelength region from 0.7A to the K-edge of ele- | ;
ment I.

Exponent of \ for each element (I) in the expression ;
for mass absorption coefficient (u/0 = CA") in the
wavelength region from the K-edge to the L ;,,~edge
of element I.
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NI(D),I=1, M

NEU
NM

NU

NBGS
NESTD(K)

K=1, NM
NEST
NSTC@M

¢XY(I): I=1,M

$MEGA(LK), |,
I=1I, M
K=1,2
RB

ABS(K), 1< KS NM
RBU
RK(I), 1<I<M

R, J), I=1,11
J=1,11

Wavelength associated with the first N-edge; used
in subroutine ABC{@ to obtain mass absorption
coefficients.

Total number of elements in the unknown.

Number of standards used in a problem.

Number of readings taken on an unknown sample.
NU is obtained by the computer internally.

The number of the unknown sample being analyzed.
NC is obtained by the computer internally; 1= NC = NU,

Specifies the number of background standards used
in the analysis.

Number of elements in standard K

NEST = NESTD(K)

See Explanation of input data set A (Appendix IV).
@XY () = N/M if the oxide is of the form E(I),Oy.
Fluorescence yield (! (I, 1) for K radiation, Fluo-
rescene yield {1 (I, 2) for L radiation.,

Dummy argument for backscatter coefficient in
ATNCOR.

Backscatter coefficient for standard K.

Backscatter coefficient for unknown.

Absorption jump ratio, r, for K lines in each
element E(J).

Tébulated values of R. I indicates the atomic

number and J indicates the reciprocal of U =
vc/Vvo. ‘
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RECU

STDINT (J, I, K),
J = 1, INDIC
1SISN
1SKSNM

STINTD(I, K, L),
1S ISN
1< K< NM
1< Lg INDIC-1

STITLE(K, J)
1<K<NM
J=1, 20

SIGMA

SB

SBS(K), 1< & s M

SBU

STD(I, J)

1S 1< M
15 J$ NSTC@M

STINT

SCON(I, K)
1<I<M
1< K< NM

TAU(@J), J = 1,3

TBG(K, I),

K =1, NBGS
1< 1< 3

Reciprocal of U = VC/VO.

Intensity of each element E(I) in standard K
measured in counts per second. J gives the num-
ber of times the standards as a whole have been
measured.,

Intensity readings in counts per second for each

element E(I) in standard K after correction for
dead time and background.

Identification card for standard K. See Appendix
IV, Input file C.

o (Equation 11),

Dummy argument for stogpping power in ATNCOR.
Calculated stopping power for each standard K.
Calculated stopping power for each unknown.

See Appendix IV, input data set A.

The fully corrected intensity for each element in
a standard.

Weight % of element E(I) present in standard K.

Dead time for spectrometers 1, 2, and 3
respectively. »

Counting time on background standard K.

I indicates which group of elements is
being measured.

32




TSTD(, K, J)

I=1, INDIC
J=1,3
THETA

UINT(NC, J, L)
15 NC £ NU(L)
1£5SN |
15 L< INDIC-1

UTITLE (J),
J=1,20

UCW), 1< J< N

VO
ve(I, LL)

1£I=M
LL=1,2

Z{@, 1<I<M

Counting time on standard K, I gives the number of
times all of the standards have been measured, J
indicates which group of elements is being measured.
Take off angle of the electron probe.

Intensity reading for an element E(J) in counts per
second in the unknown. NC indicates the number of
tue sample and L indicates the number of times the

standards as a whole have been measured.

Identification card for the unknown.

Calculated wt. % of element E(J) present in the
unknown,

Operating voltage.

Excitation energy of each element E(I) for either
the K-line (LL = 1) or the L-line (LL = 2).
Dummny variable for CHI in subroutine FLUCOR

and ABSCOR

Atomic number of E(I).
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APPENDIX III
Detailed Descriptions of Subroutines

A. MAIN - This subroutine inputs the data files (A,B,C) and calls DATPTS to
input data set (D). For those elements whose compositions are specified in the
unknown, it is assumed that these compogitions will not vary from unknown
sample to unknown sample. MAIN calls for the calculation of mass absorption
coefficients, and for each standard calls for the computation of atomic number,
absorption and fluorescence corrections. To each element in the unknown MAIN
assigns a standard and then calculates in turn an estimate for the composition
of the unknown, the corrections associated with the estimated composition and
then re-estimates the composition. This is done for each set of intensity read-
ings on the unknown. If MODE = 2, the composition of the sample is known, and
the intensity ratios of unknown to standard are calculated for each element.
Finally, the MAIN routine outputs a detailed account of the computations to assist
the experimenter in his analysis. Figure 1 presents a flow chart of MAIN.

B. DATPTS — DATPTS, as developed for the GSFC microprobe, reads and
processes data in the following fashion: Each card, which DATPTS inputs, con-
tains a time and 3 intensity counts, one for each spectrometer, as well as other
information outlined for the Intensity Data File (Appendix IV).

If the readings are taken on the sample, the intensities are divided by the
time to obtain the number counts per second for each measured element. The
total number of data points taken on the sample are then computed. If the read-
ings are taken on the standards or backgrounds, the average intensities and
average counts per second are obtained.

When all the readings for the problem have been input, DATPTS calls sub-
routine MODIFY which computes corrections to the raw data. The flow chart of
DATPTS is shown in Figure 2.

C. MODIFY - To each measured element MODIFY assigns a background correc-
tion according to the values of NBGS and the BSTD array (Appendix IV). It com-
putes the drift correction for each element standord, storing the corrections in
the DRIFT matrix. The count rates for each standard are corrected for dead-
time and background and stored in the STINTD matriz. Then the unknown sample
count rates are corrected for dead-time and backgr/und and restored in the

UINT matrix. Figure 3 illustrates the flow of MODIFY.
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D. ATNCOR - for each sample this subroutine computes the atomic number
correction according to Equations 6-7. The (dummy) arguments of the sub-
routine are:

RB - the backscitter coefficient

SB — the stopping power

NEL - the number of elements in the sample
AT - the atomic number correction

EL - the element array for the sample.

Figure 4 gives a flow chart of ATNCOR.

E. ABSCOR - computes the absorption correction for each element in each
sample (Equations 8-11), NEL, C, EL, AB are the arguinems of the subroutine,
ABSCOR. The first 3 have the same meaning as in ATNCOR and AB is the ab-
sorption correction for the element E(I). The MAIN program selects E(I) and
transmits the parameter, I, in the ARGS COMMON block. Figure 5 illustrates
the flow of ABSCOR.

F. FLUCOR — computes the fluorescence correction (if any) for each element
E(L) in each sample (Equations 12-14). The arguments EL, NEL, C are the same
as in ATNCOR; FL is the fluorescence correction and L is transmitted in the
ARGS COMMON block. Figure 6 is a flow chart of FLUCOR.

G. TEST — is a subroutine called by FLUCOR to determine if an element, E(J),
in a sample has fluoresced the element, E(L), measured for that sample. When~

ever fluorescence occurs, the ITEST argument is set to 1; otherwise it remains
0:

If K, EJ) < K,y , E(L), ITEST (1) =1
K E(J)<L sge E(L), ITEST (2) =1

K. E(J) < K4, E(L), ITEST (3) =1
K E() < K.qg, E(L), ITEST (4) = 1
L. E@J) < Kedge E(L), ITEST (5) = 1
L E@J)< L cage E(L), ITEST (6) =1

J and L are also transmitted as arguments.

H. INTERP - linearly interpolates from the tabulated values for R given by
Duncumb and Reed.® This subroutine is used by ATNCOR tc compute the value
of the backscatter coefficient. The arguments are 1Z, the atomic number of E(I);
RECU, (1/U); and RAB, the value of R. The values of R* are contained in the
block data at the end of MAIN. :
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I. ENDIT ~ Tests for convergence for each measured element, E(I) in the un-
known sample. If sufficient convergence is achieved, Equation 18, then ENDIT
directs MAIN to end the iterative procedure and output the final composition
of the unknown. If not, ENDIT returns to the iterative portion of MAIN.
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APPENDIX IV
Description of Input Files

A-DATA FILE - The Fortran IV namelist feature directs the input of DATA
File. This option enables data to be identified by name; for example, I = 1 will
cause a 1 to be placed in the location labeled I; E(3) = 'Fe' causes the third item
in the E-array to be identified ag iron. The parameters initialized in this
fashion are described below. The statement in the MAIN program

100 READ (IN,DATA,END = 10000)

accomplishes the initialization. Figure 8 shows an example of the sample
NAMELIST cards for one of the problems presented in Appendix VI.

M is the total number of elements present in both the unknown and standards

NEU is the total number of elements in the unknown

N is the number of elements measured by the probe

NM is the number of standards used in an analysis

NSTCOM is the number of ways in which the standards were combined to
determine the composition or intensity ratios for the unknown. This allows
different standards to be used for calculation of the same element. For example,
if element A appears in both standard #1 and standard #2, the experimenter may
wish to use standard #1 first for A to obtain the amount of A present and then
standard #2 for the same purpose. Up to 10 such combinations may be made
for a problem.

STD(1,J), I =1, N; J =1, NSTCOM specifies which standard is to be used for
E(I) in standard combination J; for example if STD (4,2) = 3, use standard #3
for E(4) in the second analysis of the data. The standard is designated by number
which corresponds to its order in the Composition File.

NBGS specifies the number of background standards used in the analysis:
0 < NBGS £ 9. This program assumes one background standard per element.

BSTD(I), I = 1, N ~ If NBGS > 0 there is at least 1 element measured for
which the background is non-zero; hence, the BSTD array must be initialized for
I=1,2,..., N,in the following manner. If the background for E(I) is zero, set |
BSTD(I) = 0; if the background is not 0, set BSTD(I) = K where K is the number
of the background standard used for E(I). -
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MODE -~ If MODE = 1, intensity readings from the probe (Intensity Data
File) are input and the weight % present in the unknown is determined for the
measured elements. If MODE = 2 the composition of the unknown is known and
the output consists of the intensity ratios of unknown intensity to standard in-
tensity for each element in the unknown.

LINE(I), I = 1, M specifies whether the element, E(I), was measured with the
K or L x~ray line.

ISPEC(I), I = 1, N specifies on which spectrometer (first, second, or third,
etc.) the element, E(I), was measured.

VO gives the operating voltage for the probe (E,) in kilovolts.

TAU(I), I = 1, 2, 3 specifies the dead-times for spectrometers, 1,2,3
respectively.

Note: If the probe has more than 3 spectrometers, the dimension on TAU
should be increased accordingly.

THETA is the take-off angle given in degrees.

B-Element File

For elements 3-92, file cards are provided for each eclement. Each of these
sets of 3 cards centains the element's chemical symbol, atomic number (Z),
atoniic weight (A), excitation energies for the K (elements Z = 5~-39) and L (ele-
ments Z = 12-92) lines in kilovolts (Bearden),'® mean ionization potential (J;)
in electron volts (Duncumb and Reed),* the K absorption jump ratio (r,) (Colby), 19
the cation to anion ratio if oxide is formed (OX), the K shell fluorescence yield
(W(B)) and the mean L shell fluorescence yield (W(B)) (Fink, et al.).?? the K,
and K A wavelengths for elements Z = 3-39 and the L, wavelengths for elements
Z =20-92. For elements less than atomic number 20 the L , wavelength is set
to 50A‘ Also given in the E file are the K, Liy Ly Ly M M Mypps My
M,, N wavelength edges (Bearden)!® in X units and the CK NK, CKL, NKL,

CLl CL2 CLM, CM1, CM2, CM3, CMN parameters used by Henrich® to calcu-
late the mass absorptlon coefficients.

To enable the user to calculate approximate mass absorption coefficients for
L lines of elements of atomic number 24-29, values of CL1 and CL2 were de-
termined by linear extrapolation from the values given by Heinrich® for elements
Z = 30 and above. The complete Element File compiled to date is given in the
following Table.
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TABLE 1
Element File

FL NDo WGTu= VCIK)= VC(L)= =J== =PKe= =OXY== OMGAK KALPHA KAFTA= LALPHA ==CKe===
=NK= KEDGE= ==CKL= NKL= ==ll== =CLl== ==|2== =CLP== ==|3== =C{M== =—=t]=-
“(Ml= =M2mmm (M7= mmM3ee (M3 =eMbme ~eMEen (MN=e ==N]== (MGA|,

00400 1.0000 0000 00,000 00.NO0 50,000 NN, 135

LIt 2. 007.0 0.N548 00.000

?.RR 226,5

TREY 4. 009.0 UOLI1L 00,000
?.RA 111.00

'* Bt 5,
?.R%

010.8 00,000 00,000

Y CY 6. 017,00 00,284 00,000
2.R4 43,680

tNY T, 0140 00,400 00000
?.83 30.990
N

Re N1ALN 00,532 00000

P.R2 23,320

' FY 9, D)O.0 00LAR2 N0,000

?.R1 :

INEILN, 120.7 0NLRAT
7eRN 14,300

nn.nNAN

INATYY, 073.0 01.070 00,000
779 11.4R0 0D.h2 7?73

IMGIYI2, 024,73 01,300 00,049
2.79 NA,K17 NNN,LARG P73

PALYYIA. D27.0 01560 00,075
2.7 N7,96) 00V ,1A 2,73

1S1414, O2R,) N1.R40 ON,00

Vpr1h, NAL1.N 02,140 ON,122
?.76 05,7R4 ON?2,43 7,73

VSY1A. 032,1 02,670 00,000
7eTH NE,01B ONP,43 7,73

IGLY1T. 035.5 02,820 00.000
2.7h 04,377 ON?,98 2,72

"AR'1R, 039.9 03.20N0 0N, 000
275 03,8T7) 003,62 2,72

' K'19. 03941 03,610 00,295
2475 N3,437 ON4,3)1 2,73

1CA'20, 040,) 04,040 00,349
7474 03,070 005410 2,72

'1SC*'21. 045.1 04,490 00.000
2eT74 02,7620005,99 2,73

onoo

0000

nooon

0146

135

n127

N172

n1?23

0126

0133

0)4?

0154

01hA

N1RN

n1e4

0209

0224

0239

0255

0n.00

15,73

15.14

14459

14,08

13.A0

¥

13.16

12.74

17,35

11.99

11.44

11.31

11.00

10,71

10,43

10.17

09,92

09.68

1.0000
06667
1.0000
L}
10000
1.0000
1.0000
10000
72 N0O0N
1.0000
Ne hAAT
0.5000
N,4000
1.0000
1.0000
1.0000
2.0000
1.0000

1.0000

39

« 0000

«ODON

«NONY

ND.0NP

N.0N4

NsNOT

NL.01E

N.N?20

N.NAN

Ne04?

0.N5A

NeN78

NeNQA

Ne117

0.1R0

0,202

+NNATH
nn.no0n 00,000 0,000

LNOBON
ATADD N0L,000 50,000

NNAZ2H
44,7700 00,000 50,000

LN0THN
Al A00 NNLNNN 60,000

LNNATH
23.700 NHN,NNN KN ,NNN

1R300 00,000 AN, NNAN

«N1128
14,400 14,500 50,000
«N1250
11,910 11,417 FOLNND
«N1375
N9.RR9 NG,B5R §N,NNN
2807
01500
NRLART N7,9R1L KN NNN
170 .4
NYVA?2K
N7.176 NALTAR 50,ANN
173.0
01750
NALISE DBLROG SN,NNN
94,0
JNIRTK
N5.A73 N5,N32 §0,NNN

«N2000
N4, T?R N4,402 KN,NONN

«N2126
04,193 N3,RRA HN,N0N

072250
03742 03,454 50,000
42.1 .
«N2375
03,359 03,090 36,330
35.5
«N2500
N3.N3A2 02,780 3].3680

«N2475

000,360
nNo, 740
NNy, 360
NO2.210
NN3A 8NN
N4, 0N
nNne710
nng,nean
N1L1.750
N14.R70
D1R,HNN
N272.%00
N27.,000
N31.700
N36.900
0424500
0&8.400

N65.100N
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TABLE I~(continued)

FL NN, WBY o= VGIK)= VOI(L)= === wRKmo =XYm= AMGAK KALPHA KRETA= LALPHA m=(Kmm=
wM]= =MPmnm (M7 mmMAm= (MA= mwMhme meaMGom (MNos weN] == (IMGA],

PTIN22. 047.9 04,970 (0,450
2,73 02,497 007.00 2,73

' VI23, 051.0 05,470 00,000
2:73 02,269 ONR.N7 2,73

"CRI?24, 052,0 05,990 00,59A
773 02,070 NNYIR 2,72

YMNI2R, D549 0h,540 00,000
.77 01.,R94 NIN.45 2,73

YEFI26. 055.,9 07.110 00,707
272 01,743 011476 2,72

ICNIPT. 08RG NT7.,710 00,778
2,71 01,608 013,75 2,73

'NTI2R, N5R,9 NR.33N N0 ,A84
771 N146RR D14 R0 P77

1GH29, DAR,S OR,9RN N0, 037
2.71 N1,380 N1ALS 2,713

VN3N, 0AB .4 09.6A0 01,070
270 NY1,2R32 N1R,26 2,72

IGAYZ), 0A9.T7 10,400 01,120

0270 09,45 1.0000 0,224 072,748 02,514 27,420
?7.3
oN27H0
02R6 09,24 10000 0,246 02,604 N2,27R4 24,280

+N2RTH
0301 09,03 1.0000 0,268 02,29) 02 ,NRH 2] ,A40
1607 7.80 17.Q 14.“ ?no7

: .N3000
0316 0R,A3 1,0000 0,290 02,103 N1,9)0 19,500
R.R% 59 19.1
«03125

0332 0R,A4 1.0000 0,320 N),937 D1,7hKT 17,.A0N
17.2 * 10,0 1772 7.0 17,628

JNA2RN
D247 NR,AA ) JO0ND (0,260 N),790 NY.A2)Y 1A.0ONN
15,61 11,28 168,A1 R.O 15,92

«NR3TH
N3A2 OR,29 1.0000 (0,380 N} ,ALK0 N),BNN 14,A00
14,2 12.6 14,72 9.0 14,52
LNRENN

NATT ORL12 11,0000 NAI0 01,K842 0,290 13,400
11270 M14,06 13,0) 10,1 173,79

WNAADH
0392 0790 1.000N 0,440 01,436 N],208 12,300
10, 220018, 60 1127001, 20 12,17

«0A7HBN
N407 OT4R) 1.0000 0,480 N1,341 01,208 171,313

270 N1,194 02N,20 2,7309,6720 017,75 10N,R83nN 17,40 11,100

'RREER2, NT2.A6 11,100 01,220
2:70 014117 NPP.18 2,77

PASY133, 074, 11.900 N1,320
2.9 N1,045 N24,725 2,73

YSFY34, 0T79,0 12,600 01,430
769 DNL9RO NPALN 2,72

PRR125. 079.9 13,500 0].550

YKR'3A, NORALT 14,300 01,680
?ebR NOLBAA 03128 2,773

'RRTAT, NRE,5 15,200 N1.R1D
7.68 NNL,B816 033,90 7,73

1SR138, NRT.6 1h110 NL.940
726R 00770 03A50 2,73

' Y139, DARLO 17,040 02.080
267 DOLT?2B 039,30 2.73

'*ZRY40, 091.2 00,000 072,220
042,30 7,73

'NR141, 092.9 00,000 02,370
045,50 2,73

LNAATH
04272 0T.hA 1.0000 N,820 01,285 N1 ,1728 1N, 44%A
PRLT2N N1RL.9R NQLQ4N N)3A,AD 10,100
Nannn
0427076851 100NN D BAN N1 ,177 D) JNDBA NQATY
NARLINT ?2N,T750 N8,126 N14,90 00,390 N4, 2R
JNL1DR
N45) 07,38 1.0000 0,600 QY104 NN,E90 NR,G9N
NT506 22,550 NRL4)A 14,200 OR,ATD N4 AN
2 NUPRN
466 07724 1.,00N0 Q04D N1 N4T NNLQ93T ORGRTA
NAQTD 24,600 NNTLARND 17,700 NNR,.NA NNKR,1A
-0167\7“
04R1 07417 1.N000 DehhA ONLARY NOLATA NN, NO0N
66AHD0 PALTON NNT742) 019,15 ONTL4R2 NOKLAN
JO480N
0495 00,00 1.0000 04697 00,927 NDNLR2T NT,.218
NS8.99R N28,R0 NAAL3 N20,RG 00K ,R9 NNA,,IN
«NLH?H
0510 00,00 11,0000 0,718 ON,RTA NN,TRL 0h8AR
05.583 N31.20 NALIT?2 N272.40 NAL3RT N0ALA?
s04THN
05,232 033,50 08,755 024,10 05,941 NOT,)LR
«NURTH
0538 00.00 00,5000 0,770 O0LT7RT 00.TND NALNTO
04,867 023615 05,378 N25,95 (8,538 0NT7,7TR
: 050NN
0553 00,00 1,0000 Q.796 00.T4A _ N6.774
04,581 038,90 05,02 N27.9N 05.272% NR,39
»056{)0

40

NAZ, 100

NA9, RO

N7, 000

NRA, 7NN

naKR AN

106,600

YR, 0900

126,000

138,000

149,800

147,200

178,400

180,400

205,000

219,300

236,600

?51.300

76R. 100




TABLE I~(continued)

MO, WGY o= VGIK)= VE(L)= =Jme =RKmm =XY== MGAK KALPHA KAETA= | ALPHA mm(Kmm=
~NK= KENGF= ==CKL= NKL= ==l l== =GLY=m ==l e =Gl Jwn ==l B== =CLM=m =ei]=e
wlM]mw =MD ((MPw someM D CM:%"’ woeMlyrim moeMBrm ((MNms semfl] o HMGM.

» tMAYAD . (96,0 00,000 02,520 0567 00,00 1.0000 0.A?2 00,710

Fl

NK LNk

'TC143. 099,0

'Rilv4s, 101,77

TRHY45, 107.9

IPNYLA, J0A 4

YAGEAT, 107,.4@

'Cn’“go ]l?-“

YIMYAG, )14,0

'SNIRN, 1)R,7

'SRIKY, 121,FP

-

YTRYE2, 127.A

' ]’q3- ]?A.O

VXE1G4, 13),3

LSRR, 137,64

N1R,?
'RAYSA, 137,4

04B.50 2,72

00.000 02,480
N52.10 2,72

00,000 02,840
055.60 2,77

00.000 03,000
059.30 2,72

00,000 03,170
NARIN 2,77

NO.000 03,360
D&T 30 2,71

NN, 00N N3,540
071.00 2,7)

NO.000 PR,730
NT8.50 2,7

no,000 03,930
N79,A60 2,

00,000 N4, 120
R4, 20 2,70

N0,000 N4 340
NARRLAN 2,70

000NN N4, KA
nga,nn 2,70

0N OND N4 ,TAN

OQROBn ?nf\c\‘

NN.NOO N5L,N)0
103,40 7,49

00,000 N5,2560

04.298 041,45 04,718 029,75

05R1 00,00 1.0000 0,R4A
04,060 044,50 04,436 031,95

0595 00,00 1.0000 0,RT74
002,83 047,50 04,180 N34,10

0609 00,00 1.0000 0,900
03.62A 050,70 03,942 036,40

0623 NN,N0 1.0000 0,924
N3, 428 NKA, 9K N3,774 NAA,TH

%
0627 00,00 22,0000 0,967
N3.,254 057.50 N3,514 04),30

0651 00,00 1,0000 0,978
D3.085 O0AN,TN NR,A2A NAALAD

NAAE NNNN L, 0000 1,004
N2e92A DALLEN NDAL)AT N4A,AN

0ATO 00,00 11,0000 ),030
02,777 DARLON 02,882 N4R RO

NAA2 NN, N0 N ARAT | NRA
N2 ,A39 071,965 N2,830 NKY,TN

N70A NOLNO ) ,0000 ) ,0RD

07720 00,00 11,0000 1,1N0P
N7 .3R89 NAN,ABK N?,5532 N5T7,70

NT34 ON,NN 1.0000 1,134
N2:274 NR4GNN N2,429 NAN,AN

0747 NN NN ) ,0000 J,1AD
0?2167 NARRLLN N?,3)4 NAB4D0

07AY 00,00 1.0000 }.1R4

04,912 009,05
sNH?
nn.nnn
04,A372 0D9,T4
«NAR
N4 ALK
04,369 D10, 47
NT4h
04, k97
4,130 N1Y) 24
«NAN
N4 4 AAR
NAL9NR (117,03
«NAA
Nh, 1 R4
NA,AQR N2 ,R7
092
N3 ,9R4
N2.,8N4 N3, 7A
«NOR
N, 772
NA,324 NY AL AR
104
N3, ANN
N3, 1RA N1 8,AR
110
N, 420
A NN000 NVALAA
o 11A
N3, 7284
N2.RRR N17,.77
12?2
N3, 148
N2,719 N1R, AP
o« 17R
ne.nnn
02,5892 019,97
o134
NP.ROD

N?2,4T74 NP2V, 1A 10,207

o140
N?2.775

109,00 2,49
N19.3 1N.845 1h.N
"LAYET. 13R,Q 00,000 05,480
114.,40 2 ,6R
N2044 10,321 14.9
'ILF'SR, 140,) 00,000 05,72 O0TARR 00.00 0,AAHKT 1.73R
170,00 2.68 014RR9 102,50 02,011 N73.AN
N?21eh 09.692 17.9 10.,4NR 15,5
r 'PRIEA, 140.9 00,000 05,960 DRO? 00,00 1.0N00 1.264
P , 125.50 2.6R 01,811 107,30 01.924 77.000
e NZ22.8 19,258 1R.9 NQ,957 Lh.?
'NNYTAD, 144.3 00,000 N6.210 DRLS 00,00 11,0000 1,290
132.00 2467 01,725 112,80 01,843 R]1,00N
N24.) 0R,T773 20.0 09,499 17,2
'PMEAL, 145.0 00,000 06,460 0829 00,00 1.0000 1,316
138,50 2.67 01,665 LLR.50 N1.767 0R5,00
0254 0R,376 2140 09,115 1R,?2

N2.N6R N3, 18 NP2,204 NAALON N),3AAR N22.,4) NG KRKT
o 14A
N2 .HAAR
02,258 023,70 NA,N4?
« 157
N2 ¢5A1
2164 N25,N5 NR,ALA
+1RR
N7 4 4h?
0?2.077 N2AR,47 NA,1ARA
o104
Ny «37NH
01.995 N27.92 NT7,R3)
o170
N?2.783
N1.918 079,44 NT7,5:%
«17A

N778 Q000 10000 1,217
01,973 09T7.80 072,103 NT70,20
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TABLE I-(continued)

FL NDe WBYT o= VC(K)= VC(L)= =Jm== =RK== =XY== NMGAK KALPHA KRFTA~ I ALPHA =~(K==-
~NK= KFNGE= ==CKlL= NKL= =al]le= =CLY== =={?== ~CL?== ==L3== =ClLM=~ —=M]--

(ML= =MPr== M7= ==M3m= (MA= ==Mbmm ~=MGm= CMN-= —=N1== NMGA|.

'SR'62. 150.4 00,000 06.720 0843 00.00 1.0000 1,347 0?2.199
143,50 2.67 01,599 122.50 01,703 NARAR.O0 N1.845 031,01 07.17A
026.7 OR.023 22,2 DR,TON5 19,1 <182
TEU'63, 152,0 00,000 06.980 0856 00,00 1.0000 1,368 N2e17)
150,00 2,66 01.536 12R.00 01.626 N92.00 01,775 N32.63 NAH.BRSA
028,11 07.642 22,3 0R.371 2041 10,604 10.R93 13,85 .188
GDYh4A, 156,9 00,000 (7.240 0870 00,00 1.0000 1.394 02 N6k
15700 2,66 01,477 124,00 01.56)1 NGAAD 01,710 034,31 NA.5AA
029,6 074322 2445 07,997 21,2 10111 10,408 14,30 2194
"TRIA5, 15Re9 00,000 07,520 08R3 00,00 1.,0000 1,420 M.975
143,50 2,65 01,421 140,00 0).501 100.30 01,449 034,0h NA292
0311 07,011 25,8 NTHBS 22,3 09,697 09,957 14,80 «200
NY'66. 162.5 00,000 07,790 ORGT 00,00 1.0000 1,446 N1.909
) 170,50 2.65 01.365 146,00 01,438 104,50 01,579 NRT.RA NALNAR
03246 06,715 27.0 07,3R3 23.4 N9, MR N9,528 15,30 W20h
YHN AT 164,9 00,000 NRLOTD 0910 00,00 1. 0000 ) ,472 N1l.R48
176.50 2.65 01,317 151,00 01.390 10R,50 01,535 039,74 N&.R2N
03442 NAL453 PRE NT,)2R 24,5 DR.A99 09,155 15,R5 217
YFRYAR. 1HTa?2 ND0LO00N NRLABN 0923 00,00 1.0000 1,498 N1,7R4
1R4,0N0 2,64 01,26R 157,00 N1 .33, 113,00 01,482 041,49 NK,GR)
035.,9 06,179 29,8 (1h,R34 25,7 NRL50R NALTY3 14,30 WP1R
) PTMEAG, 1ARLO NDLN00 NRLASN 0927 NNNO 1 NNNN 1,674 N).77A
; 19250 2.ih 014272 1A5.00 01,288 118,00 N1 .,433 042,AQ NA,3AA
i N37e7 05,931 31.7 0he559 27.0 NRL155 NRL4LRR 1A,ARG YA
f YYRIT0, 173:.0 00L00N NBL,940 0980 ONLON 1.0000 1,580 N) AT?
19900 2,63 01,182 170,00 N1.243 122,00 N1 ,3RA N4K,T79 DR, 1A]
N39,h NB,HRA 37,7 NAELA3L 28,3 NT.R3A NR,ORA 17,45 .230
VLHET) . 17540 00,000 09,250 0964 00,00 1.0000 1,574 N1,A1Q
200,00 2463 11400 176.00 01,199 126,00 N1 ,.341 N4T7,972 N4,972
041,32 NB,4T5 34,2 NALLIP 29.6 NT7.545 NT.777 1R,00 A
THEIT2, 178.6 00,000 N9.560 0997 N0.AO 1.0000 1,607 Ny .57N
216,00 2,67 01,100 183,00 01,155 121.00 D] ,297 060,12 N4, THR
N4GA .7 NGL?21) BAB,R NHLRAYL 30,9 07,190 37,427 18.5% e 2N
TTAYT3, 1RN.9 0N, 00N NG,RAC 0981 N0LNQ 1.,N000N 1,628 Nl.%22?
P22.00 2,62 01,061 190,00 01,114 13A.00 01,255 052,44 04,569
D45.2 05,015 375 NBLA2T 3744 NELRYAR NT.12R 19,05 275
' W74, 1R3.9 00000 10,200 1004 NNL00 1,0000 1.A54 N1 4T7h
231400 2461 01025 197.00 NL.0T76 142.N0 N1,216 NRL,TY 0L, 4NK
NLT 4?7 N&4,R?3 39,1 NK,451 33,R 0h.640 0ALARTL 19,A0 .7290

TRF1T78, 1RA4?2 000NN 10,500 1017 OGN0 1.0000 1.AR0
739,00 2,61 00,990 204,00 01,037 147.00

063.5 03,632 5246 044201 45,4 04,998 05,200 23.A0
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0).177 N5T7,.,21 N4,231

N49.3 N4,625 40,9 N5,262 36,2 0h357 NALB94 20,10 <205
"NS5176e 190.2 00,000 10,900 1031 00.00 1.0000 1.70A N1.39]
267,00 2,60 00,956 211.00 01001 15200 01,140 N59,70 N4, (AL
051.5 04,443 42,6 N5,060 3A,9 06106 Nh.35T 20.45 .320
; CIR'7T7e 193,71 00,000 11,200 1044 0000 11,0000 1,732 N14365]
S 256400 7,40 00,923 219.00 00,967 157.00 01.10A NA2.27 03,915
: 052,7 044272 44,5 044872 3R.4 05,8R0 N6.N9% P1.35 <335
: tPTY78. 195.1 00,000 11.600 1057 00.00 1.0000 1,758 N1.313
3 263400 2,59 00,893 225,00 00,934 161.00 01,072 064,97 03,774
B! 056.0 04,114 46,4 04,710 40,1 05,665 N5.880 21.95 .350
i FAITT9, 197.2 00,000 11,900 1071 00,00 1.0000 1,784 01.?76h
i 272.00 72.59 00,343 232.00 00,903 167.00 01.040 06T.64 N3,620
¢ N58.3 03,939 48,3 04:522 4148l 05,415 05,629 77.50 <365
: THG'R0. 200.,6 00,000 12,300 10R4 00.00 1.0000 1,810 01,741
f 781.00 ?.58 00835 240,00 004RT? 172.00 N1.00R 070,55 N3,4R2
i D608 03,779 50,4 04,349 43,6 05,280 05,413 23,10 .3R80
f UTLYRY, 204.4 00,000 12,600 1097 G0N0 1.0000 1,836 . 01,7207
! 289,00 2.58 00,808 247,00 00,843 177.00 00.979 NT73.60 03.349
.385



TABLE I-(Continued)

FL  MNe WGYe= VOIK)= VC(L)= =J== =RK== =NXY== OMGAK KALPHA KRFTA= | Al PHA ==(K==-

~NK= KEDGE= ==CKL= NKL= ==ll== =CLY~= ==LP== =CLP== ==L3== =ClM== ==t]==
—(Ml= =MP=—c (MP= =-M3== CM3= ==M4me —=M5— (MN== ==Nl== MMGAI
'PRIYA?, 207.,2 00,000 13,000 1111 00,00 1.0000 1,847 , N1,175
298.00 ?057 00@782 255.00 00.“15 193.00 00.950 075.64 03.?18
06661 NA,4R4 56,7 N4,04P 47,3 04,797 04,994 24,40 « 39N
'RIYR3, 7209.0 00,0NN 13.400 1174 00,00 0.A6AT 1.RRA Nlelbh
30700 2,56 Q00,757 2A2.,00 NOLTR9 LARR.NN 0N,923 NT9,94 N3 ,NQQ9
NAR.G NAL3H5 §7,) N3.902 49,2 N4, 612 N4,A08 25,10 « 395
"THI9N,. 232,11 00.000 14,300 1217 00,00 1.0000 2,070 NOL,95A

NOLTAY 1N9.,40 02,400
N94,3 N?2,577 TR.1 NRA,0R0 AT.5 N03.572 N3,745% 31,30 9,497 L6430
Y97, P3RLY 00,0N0 17,200 1244 00,00 1.0000 2,122 nNn.91)
NNLG722 120,70 N?2,7235K
10&.0 O?Oagé Rﬁ.? n?oﬂﬂ? 7005 03-3ﬂ0 0304Q6 33060 P.A]A Iaqn

The order in which the Element File is used as input is most important. If
we run in MODE = 1, the order of the element cards as submitted to the computer,
must be the same as the order in which the probe measured the elements; for
example, if data set 1 consisted of elements E,, E,, E;, measured on spectrom-
eters 1, 2, and 3, respectively, and set 2 consisted of E,, E, measured on spec-
trometers 1 and 2 respectively, then the order of the element cards must be E,,
E,, E;, E,, E;. If other elements are present ir the unknown and their weight
percentages are known, their element cards come next. If oxygen is present in
the unknown, if elemsnt cards are next. The last elements considered in the
Element File are the file cards of elements present in the standards but not in
the unknown. The element file is input following the DATA File. Figure 9 shows
data for Input Files A and B for one of the sample problems (Appendix VI).

C-Composition Files

The composition file consists of the following types of data:

(1) Title card for the unknown sample. On this card may be punched up to
80 characters of alphanumeric information to aid the experimenter in identifying
his problem. This information is stored in the UTITLE array. The statement
in MAIN; ' ~

Read (IN,40) (UTITLE(D), I = 1,20) accomplishes the data transmittal.

(2) Composition card(s) for the unknown sample. The composition of each
element in the unknown (wt. %), if known before the analysis, is input here. If it
is not known it is set to zero. For example in columns 1-10 is punched the
weight % of E(1) present in the unknown; in columns 11-20, the weight % of
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E(2), . . ., in columns 71-80, the weight % of E(8). On the second card in columns
1-10 goes the weight % of E(9), and so forth, until the weight percentage of each
of the NEU elements in the unknown, if available before electron probe analysis,
has been entered (1 £ NEU < 10). Note: The order of the elements in the unknown
should be the same as in the E list. If none of the sample compositions is known,
they are all set to zero. The statement in MAIN

READ (IN,2) (C(I), I =1, NEU)
2 FORMAT (8F10.2), accomplishes the data transmittal.

(3) Cards for the Standards. These cards are input using the following
statements:

DO 600K =1, NM
READ (IN,40) (STITLE(L,K), I = 1,20)

READ (IN,41) NEST, (ESTD(L,K), I = 1, NEST)
READ (IN,2) (CS(I,K), I = 1, NEST)
600 CONTINUE

The first READ inputs the title card for standard #K. The second READ inputs
the second card which contains the number of elements in standard #K and the
chemical symbols of each of these elements. On this card columns 1-4 contain
the number of elements, 5--8, the name of ESTD (1,K), 9-12, the name of ESTD
(2,K), . . . ., 41-44, the name of ESTD (10,K). All entries on this card must be
right-adjusted. The third READ statement inputs the next cards which give the
wt. % of ESTD (1, K), . . . ., ESTD(NEST,K), respectively. The same format
(8F10.2), as that used to input any known compositions in the unknown sample,
is also used here. The order of the standardg, K =1, 2, . . ., NM, must be the
order in which their intensities were meagured. Thus, if STANDARD #12 was
measured first, then information regarding i¢ will be found whenever K = 1; if
STANDARD #10 read second, then infsrmstion vegarding it stored for K = 2,

(4) Cards for the backgrounds, If K% > 0, then for each background
standard a title card of identifying information is input. This is accomplished
by the statements in MAIN: -

DO 800 K =1, NBGS -

800 READ (IN,40) (BTITLE(,K), K = 1,20).
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Figure 10 shows data from the Composition File‘as used in the sample prob-
lem illustrated in Appendix VI.

D-Intensity Data File

Whenever the program is operating in MODE 1, subroutine DATPTS inputs
D. The following procedure may have to be changed according to the type of out-
put data obtained from each particular electron probe. The type of identification
scheme used at GSFC is outlined here. To change the scheme, DATPTS, Appen-
dix IIl, may have to be reprogrammed.

Each probe measurement is recorded on a punched card, which is divided
into 10 fields. These fields contain

)

the x-ray counting time (TIME)

(2-4) the intensity counts for each spectrometer (XINT(I)), I = 1,2,3)

(5)
(6)

(7)

(8)

9)

(10)

the sample-type code (SAME) for unknown, standard, or background,

the set-number (NUMRDG), which tells whether element group
1 (E(1) - E(3)), 2 (E(4)-E(6)) or 3 (E(7)-E(9)) is being measured

the group - number (INDIC) which tells the number of times the standards,
as a group, have been measured. INDIC is used so that the drift calcu-
lation can be made several times during a run

the number or identification of the standard or background being measured
(NOST). As discussed in the description of the Composition File, the
background and standards are remembered according to the order in
which their intensities were measured (1,2,3. . . .). Therefore this re-
alignment is used for NOST

the dummy variable (IUNK) for unspecified usage,
the end of data card (LAST). This field is used on the last data card of

a problem to indicate the end of the data. Its usage allows a second
problem to be run.

The statements:

READ(IN,1) TIME, (XINT(J), J = 1,3), SAME, NUMRIDG, INDIC, NOST, IUNK, LAST
1 FORMAT (F6.0, 3F8.0, 411, I2,I1)

input one card. The data are then processed according to the value of SAME.
Table II presents a capsule review of the use of the 10 fields with some additional

comments.
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TABLE II
Format for Intensity Data File

Field | Columns { Format | Parameter Comment

1 1-6 F6.0 | TIME duration of measurement

2 7-14 F8.0 | XINT(1) intensity in counts from spectrometer #1

3 15-22 F8.0 | XINT(2) |intensity from spectrometer #2

4 23-30 F8.0 | XINT(3) intensity from spectrometer #3

5 31 I1 SAME SAME = 1 unknown measured
SAME = 2 standard measured
SAME = 3 background measured

6 32 I1 NUMRDG | NUMRDG = 1 measurements taken on
E(1),E(2),E(3) (Set 1)
NUMRDG = 2 measurements taken on
E@4),E(5),E(6) (Set 2)
NUMRDG = 3 measurements taken on
E(7),E(8),E(9) (Set 3)

7 33 Il INDIC INDIC=i,i=1,2,i v+ ., 9
ith time readings are taken on standards

8 34 I1 NOST NOST =1i,1i=1,2,. . ., NM measurement
taken on the ith standard

9 35-36 I2 IUNK IUNK=i,i=1,2,...., 99
Dummy variable for other usage

10 | 37 I1 LAST LAST = 0 except on last data card where

LAST = 1. This indicates the end of
the data for the problem.
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APPENDIX V
Output from the Program

The format of the dota output and the FORTRAN statements which control
this output are given below. The FORTRAN statements are referred to by their
sequence numberg (SN) which appear to the right of each statement in the pro-
gram listing (Appendix I).

Data set B, that is the E file, and selected parameters from data set A are
printed out by MAIN, SN 15200: 19700. The matrix of mass absorption coeffi-
cients is calculated in SUBROUTINE ABSCO, SN 6500: 8100. The raw probe
data are output in SUBROUTINE DATPTS at SN 4700: 4900, SN 6200: 6300, SN
7189: 7200, according to whether the measurement was of an unknown, a standard,
or a background, respectively. For each standard, the title and composition
cards are printed by MAIN, SN 24100: 24300; and the atomic number correction
is also printed by MAIN, 8N 24400: 24400. For each element in each standard,

correction is output in FLUCOR, SN 5200: 5300, SN 5800: 6200.

Whenever a new standard combination is used, a message is written by
MAIN, SN 27500: 27500 telling which standard is used for each measured element
in the unknown. The sample compositions are printed at each iteration step:
MAIN, SN 32300: 32600 only for the first set of intensity data. The weight % sum
is also printed out. No attempt is made to normalize the sum to 100%.

After the final iteration on the first data point in a MODE 1 problem and for
MODE 2 problems, the atomic number corrections, the absorption corrections
and the fluorescence corrections are printed by statements MAIN, SN 31000:
31600, FLUCOR, SN 5200: 5300, FLUCOR, SN 5800: 6200 respectively. For sub-
sequent data points the compositions of the first and last iterations are written,
MAIN 29200 and 32600. For MODE 2 problemsg intensity ratios are printed by
MAIN, SN 33300: 33300. Sample output data are given in Appendix VI, where
several sample problems are considered. The output format can be easily
changed by altering the FORTRAN statements previously indicated.
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APPENDIX VI
Sample Problems

Three sample problems will be described in order to illustrate the use of
this program. A copy of the input data (Files A-D) and the output for each of
the problems is supplied as a guide for the successful application of the
program.

Problem 1 — (Geological Application)* A sample is analyzed in MODE 1
for the following 8 elements: Ca, Mg, Si, Al, Na, Mn, Cr, and Fe. Oxygen is also
present as is 0.1 wt % Ti. Six standards are used: pure diopside for Ca, Mg
and Si, and 5 other standards, one for Al, Na, Mn, Cr and Fe. The data were
taken on an electron probe with 3 spectrometers and a takeoff angle of 52.5°.
The operating voltage was 20 KV; only K lines were measured. Input Files
A-C have already been iilustrated (Figures 8-10). Input File D, the Intensity
Data File, is shown in Figure 11. A shortened version of the Output Data is
given in Figure 12.

The initial estimate of the unknown composition using a linear relation
(Equation 15) is given in Table Il as well as the final calculated compositions
determined after 3 iterations.

TABLE III
Calculated Compositions Pro... ua +«

Element Initial Estimate (wt. %) | Final calculated composition (wt. %)
Ca 11.54 11.57
Mg 12.55 12.87
Si 25.13 26.1
Al 1.15 1.08
Na . 0.88 0.93
Mn 0.09 : 0.09
Cr 0.59 ; 0.58
Fe 2.57 2.59
Ti(known) 0.10 ' 0.10
o 43.78 45.0
Sum 98.4 100.9

For all elements measured in this problem, the only correction factor of
any significance was the absorption correction.

*This probiem was kindly loaded to us by Dr. J. Boyd of the Geophysical Lab., Washington, D.C.
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Problem 2 — (Metallurgical Application)* A binary sample is analyzed in
MODE 1 for Ti and Nb only. Pure standards of the elements are used. The data
'was taken on an electron probe with 2 spectrometers and a takeoff angle of 52.5°.
The operating voltage was 20 KV and Ti-K and Nb-L radiations were measured.
Input Files A-D are illustrated in Figure 13 and the Output Data is given in
Figure 14,

The initial estimate of the unknown composition using a linear relation
(Equation 15) is given in Table IV as well as the final calculated composition
determined after 3 iterations.

TABLE 1V
Calculated Composition Problem 2

Element | Initial Estimates (wt. %) | Final Calculated Composition (wt. %)V

Ti 32.7 34.8
Nb 62.2 65.5

Sum 94.9 100.3

For Ti, an atomic number correction of +7.6% is necessary while for Nb a
negative atomic number correction of 5% is calculated. A significant absorption
correction (~13%) was calculated for the Ti. The absorption correction for Nb
was insignificant.

Problem 3 — (Metallurgical Application) A sample containing 4 elements has
the following composition Al-10 wt. %, Mg-50 wt. %, Au~40 wt. %, Cu-0.10 wt. %.
it is of interest to calculate using MODE 2 the expected concentration ratios
(I /1(A)) for the 4 elements if pure standards of each element are used. The
data is calculated for an electron probe with a takeoff angle of 52.5° and an op-
erating voltage of 20 KV, The following x-ray lin.s were considered Al-K, Mg-K,
Au-L and Cu-K. Input Files A-C are illustrated in Figure 15 and a shortened
version of the Output Data is given in Figure 16.

The calculated intensity ratios are given in Table V.

This particular combination of elements exhibits a large atomic number ef-
fect (up to 30%) and a large sbsorption effect (up to 50%). Only Cu is notlceably
fluoresced, namely by the Au-L line. Large corrections of this order, com-
pounded with £(*) values less than 0.8 for Al and Mg, argue quite strongly for
the use of intermediate, 4 element, standards. i

*This problem was kindly loaned to us by D. Beaman of thie Dow Chemical Cormpany, Midland,
Michigan. 6

49



TABLE V
Calculated Intensity Ratios, Problem 3

S Intensity Ratio,
Composition| ANC = ABS = FLU = ;
Eloment o : Sample to Standard =
(wt. %) | ATN/ATD| ABN/ABD|FLN/FLD ANC-ABS'FLU+C(U)
Al 10 1.14 0.48 1.0 5.5 %102
Mg 50 1.17 0.69 1.0 41. x10-?
Au 40 0.71 1.01 1.0 29, Xx10-?
CU 0.1 0.95 0.98 1.07 101 %X 10-2
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APPENDIX VII

Figures
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IN= 5
lQUT=6

100
READ(IN, DATA
{INPUT SET A)

INITIALIZE

NU{1,1) =}
INDIC =}

v

DO LOOP
21, M
10 125

READIIN, 67)
(DATA FOR HD
{INPUT SET B)

INCREMENT &
TEST |
A 4
(OUTPUT SETS A & B)
CONVERT
THETA FROM
DEGREES TO
RADIANS
TEST 10 SEE IF P e
OXYGEN IS AN 10 200
ELEMENT IN THE
PROBLEM
YES
INCREMEN DOES 300
CREMENT NO ES N\ YES oXI=1
& TEST! - \Ew'o/ i
. ?
400

INPUT SET C FOI.
UNKNOWN SAMPLE

FIGURE 1 : MAIN PROGRAM
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INPUT SET C FOR
BACKGROUNDS

INPUY SET C FOR
STANDARDS

DO LOOP i), M
70 9%
CONVERT LINE(I)s

LINE(D = K INTO |
LINE(]) 51 INTO 2

\ 4
r MODE=1
?

CALL ABSCO (COMPUTE CALL DATPTS
MASS ABSORPTION COEF) INPUT SET D)

NCOUNT 2 1
(PRINT L
CONTROL)

0O LOOP
K1, NM
TO 4000

)

NEST =
NESTOD (K)

s ) SR,
ARGUMENTS: g'?gg((;: E:Ség?foﬁtf%, csf1, K), FOR STANDARD (K)

v

QUTPUT FOR STANDARD (K)s TITLE CARD,
LIST OF ELEMENTS IN STANDARD.CQ?MPOSITI'?N

OF STANDARD, ATOMIC NUMBER CORRECTIO

DO LOOP
121,M
TO 3500

DO LOOP
J=1,NEST
TO 3500

FIGURE 1 : MAIN PROGRAM (CUNTINUED)
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v

LLL=Z())
LL=LINE())
IF Z(1)k37
LL=2

DO LOOP

JJ=1,NSTCOM
TO 3200

S1G=4, SES/
(vo L. 65vc(i, L)L 65)
SCON (I, K)’CS(J K)

CALL ABSCOR COMPUTE ABSORPTION
ARGUMENTS: NEST, CS(1, K), ABNS(I, K), ) CORRECTION FOR ELEMENT,
ESTD(1,K) E(), IN STANDARD (K)

!

OUTPUT FOR ESTD(, K): E(1), CHI
ABDS(I, K) - ABSORPTION CORRECTION FOR
E(1) IN STANDARD (K)

v

¢ FLDS (1,K)
B0 __ .
= —
| COMPUTE FLOURESCENCE CORRECTION FOR
| ELEMENT, E(l) , IN STANDARD (K)
INCREMENT ALL FLUCOR
: & TEST J ARGUMENTS:CS(1, K), FLDS(1, K), ESTD(1, K), NEST
l
| YES
¢ 15M
?
| leIEW
L vty

DO LOOP DO LOOP
:91 l&% om| | GROUP=| NC=l,
T0 7000 T0 7000
FIGURE 1 : MAIN PROGRAM (CONTINUED)

54




-

&mi_

K= STD(1,KKKK) bo Loor
SC(1) = SCON(I, K) 10 boso

DR=DRIFT (I,K, | GROUP)*NC 5050]s
 STINT=STINTD(I,K, | GROUP)+DR 'gﬁb INGREMENT
" AK (1)=UINTINC, 1, | GROUP)/STINT PN et

N

(
CAN=AK(I*COMPSTLI, K) o

5015

CALL OXYGEN
ARGUMENTS: OXY, C,A,N, 10XI, COXY,

5150
SUMM = NEU
ZUC(J), WHERE UC(J) =C(),
J=1 TO NEU

INDEX = 0

COMPUTE ATOMIC NUMBER
CORRECTIOM OF UNKNOWN

5200
OUTPUT: NC,INDEX,(UCII),!= l,NEU),)
_ SUMM
; 472
S 10 CALL ATNCOR
1O 5500 ARGUME NTS: RBU, SBU, NEU,UC,ATN, E
5325
DO LOOP fai‘;’(,g" KkKK)
'”34';0 LL= LINE() OR IF Z (237, LL=2
10 sic= 4, 5E5/(vo 165 vc(l L)L 65)
COMPUTE ABSORPTION CALL ABSCOR
CORRECTION FOR ARGUMENTS:
ELEMENT, E()), IN UNKNOWN NEU,UC,ABN, E

CALL FLUCOR
ARGUMENTS:
UC, FLN,E,NEU

COMPUTE FLOURESCENCE
CORRECTION FOR
ELEMENT,E()), IN UNKMOWN

Iy

)

NC= ATN/ATDSK) ‘
BS = ABN/ABDS(I, K) . QUTPUT: E(1), FLU, FLN, FLDS (1,K),
LU= FLNFLDS(1, K) @» ABS, ABN, ABDS (I,K), ANC, ATN,
A=ANC® ABS* FLU ~ "ADS(K), RBU, SBU, RBS(K), SBS(
AKL(1)= AAA® UCUNSCIA Ko |

FIGURE 1 : MAIN PROGRAM (CONTINUED)
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P

y
>0 1S\ (INCREMENT
AL | ;? N & TEST 1)
NO
550 - 5575 .
WRITE (1lour,719) \ MODE=2 MODE =1_~7e N\ oM YES o/ WRITE (IOUT, 715)
NPROB, (E(I), AKI(1) ¢ NCOUNT WRITE (IOUT, 716)
J=1,N) . €O, 1=1,N)
NCOUNT &}
) CALL CHANGE
7000 ARGUMENTS:
N, AK1,AK, UC GO
10
5600
CALL OXYGEN
MO p{ ARGUMENTS: OXY, UC, AN,
? 10X1, COXY

‘_1 vss +

5500 JYES 5450
M DI » SUMN;
NDEX § 104 Eié(lihNE\ NTg: N 7 DOESS vEs g | NEU OUTPUT: NC, INDEX,
\,- $\NAKILAK, &5525 Y & Nesd U wew), 1= lNEU)
INCREMENT
& TEST
INDEX AK1-ARRAY HAS CCINVERGED 5600

FOR EACHE {)), 1=1, N

NG o/ CALL OXYGEN
ARGUMENTS: OXY, UC, A, N, [0X1, COXY

INDEX = LAST

WRITE(1OUT, 718)
NC, INDEX, (UCE, I=1, NEU), SUMM
M- === T

INCREMENT
& TEST NC

l NCREMENT
& TEST |GROU

l INCREMENT
& TEST KKKK

FIGURE 1 : MAIN PROGRAM (CONTINUED)

56




ENTRY
DATPTS

IMITIALIZE TO 0:

1507
STDINT
™G ARRAY'S

BGINT

NU
DO LOOP
ICT=1,2000
TO 20000
(INPUT SET Dy

' B
READ (IN, 1) TIME, (XiNTU)
J=1,3) , SAME, NUMRDG, INDIC
ST, 1TUNK, LAST
NUMRDG=1
=1 2 NopoG =7
INDMAX=MIN(M,3) INDMAX=MIN(N, %)
4050
~ #u;mcn
INDMAX=MIN(N, 6)
SAME=1
[NULINDICTI=MUGINDIC, 1Ti+1] SAME=2 | (STANDARD) [ TBGINOST, ITI=TBGINOST, ITI+TIME ]
TSTDIINDIC,NOST, IT)=
TSTD(INDIC, NOST, IT)¢+TIME
WRITE (JOUT,702) S(SAME}, NU{INDIC,IT), WRITE (IOUT,702) S(SAME) NOST, TIME, XINT,.
G&‘gl’g 'g{}ﬁﬂ:kg%:‘:&"f’%w) ) _NUMRDG, INDIC, (E(J), J=NUMIDG, INDMAX)
@maom,wm S(SAME} NOST, TIME, XINT,
\ NUMIDG, INDIC, (E(), JsNUMRDG, INDMAX)
K*O KsO
4 k=0 _v
DO LOOP , DO LOOP
JENUMRDG, SNUMRDG,
INDMAX , INDMAX
10 4100 50 LOOP 10 6100
JINUMRDG,
INDMAX
G 5100
1

. FIGURE 2: SUBROUTINE DATPTS
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R it

R

R

6100

KieK+)
BGINTU, NOST)=
BGINTU, NOSTHXINTIK)

A0 ¢
K=K+l
UINTINU(INDIC, IT),
J, INDICEXINTIKNTIME
5100
K=K+1
STDINT(INDIC, J, NOST)=STDINT(INDIC, J, NOST)
+XINTIK)

DO LOOP
K=1,NM
TO 21500

DO LOOP
Is1,INDIC
TO 21400

DO LOOP
Jul N
TO 21200

FIGURE 2 : SUBROUTINE DATPTS (CONTINUED)
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INCREMENT | & TEST

< INCREMENT K & TEST
<
DO LOOP
K= 1,MBGS
TO 22000
DO LOOP
J=1,N
70 21600
< INCREMENT J & TEST
% INCREMENT K & VEST
4
23100 . i
DG LOOP , INDIC | DO LOOF | o
1=1,INDIC . = I1=1,INDIC -
10 23200 N=4,5,6, X_N=7,8,9 INDIC-L TQ 24000 o
Terin i
r—n—--—-—-n- ——-m—-——' N 1,2,3 A i
| [, e, 0] | [ 22000 ] N
| ‘ , N, LimMENNUAL 1), NUQL 23, NUGL3) )] P
! | ' ' INCREMENT | & TEST :
| ~: IS NO | |
| ' l‘:D|c | 25000 “ ! YES s NO ! 25@ :
' Y } < légdolc .| CALL MODIFY
bb‘b«—l——f‘—_——h_t—J E | ‘
FIGURE 2 : SUBROUTINE DATPTS (CCNTINUED) R |
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FIGURL 33 SUBROUTINE MODIFY

BKGR1)=0.

BKGB )
BGINT{I,K)

1000
JJ=ISPEC(1)

|

| NESTENESTD(K) I

DO LOOP
J21, NEST
Y0 1100

J & TEST
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DO LOOP
Lz),INDIC
10 1600

DRIFT(I, K, Li=
{STDINTILL, |, K)-STDINTIL, I, K) NNUIL, 1)

ABS(STDINT(LL, 1,K)~STDINTIL, I,K} )
=
6, SQRT(STDINTIL,i,K) )

DRIFY{I, K, L)

.

Li=Led

IS

?

NO

>

[ sTintou, k, Li=bEapTisTON

4
NTIL, |, K), TAUUD-BKGRU) |

{INCREMENT L
& TEST)

COMPST(, Ky
=
csJ,K)

(INCREMENT K

-

15
LES INM & TEST)

s

2O LOOP
Js1,NUP
T0 3

FIGUKE 3 : SUBROUTINE MODIFY (CONTINUED) L

' I UINT(, 1, Li=DEADTIUINTLS, ), L), TAULL)) )-BKGRIY)

S L S S U S | & TEST L)

?
UNCREMENT g

UINCREMENT
& TEST 1)




ENTRY

ATNCOR ARGUMENTS: RB, SB, NEL, C, AT, EL

DO LOOP >
K=1, NEL
TO 1000

£ !

DO LOOP
I=1, M
70 500

500

INCREMENT
&
TEST |

L=2Z(I)

LL=LINE(T)

(IF L237, LL=2) ,
V=.5 (VO+VC (I, LL)
RECU=VC(l, LA 0

CALL INTERP ' (CALCULATES BACK-SCATTER
ARGUMENTS: RECU, L, RAB COEFFICIENT - RAB)

v

RB=RB+C(Ki* RAB
S=Z(IYA(1}* ALOG(1. 166E3* V/J(1))
SB=SB+CK)*S

100 ¥
INCREMENT

< KSNEL & i
, _TESTK__J(CALCULATIONS DONE FOR EACH ZLEMENT IN SAMPLE) “

I K>NEL

AT-RB/S8

RETURN
10
MAIN

FIGURE 4: SUBROUTINE ATNCOR
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2

|
|
lINCREMENT
K & TEST

~ A 4

. S G— UV — ———

AAVE=0,
ZAVE=0,
X=0,

DO LOOP
Jul, NEL
| 102

\ 4
DO LOOP
K=1, M
102

NO

H=1.2+AAVE/ZAVEee?2
X=X/SIN (THETA)
AB=(1+H (X / SIQP(1+H* (WX / S|

GD

FIGURE 5: SUBROUTINE ABSCOR

|

DOES
E(K)=EL(J)
?

ENTRY
ABSCOR] ARGUMENTS:
) NEL, C, AB, EL

S1G (COMPUTED IN MAIN)
ABCO, THETA TRANSMITTED
VIA COMMON BLOCK /F9/

Vo, M, |, KK TRANSMITTED
VIA COMMON BLOCK /ARGS/

ZAVE=ZAVE+C(J)*Z(K)

AAVE=AAVE+C(J)*A (K)
KK)/

X=X+C(J)+ABCO(K, |,
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&

ENTRY \ ARGUMENTS: C, FL, EL, NEL,

FLUCCR SIG (ZOMPUTED IN MAIN) & ABCO
TRANSMITTED ViA COMMON BLOCK/F9/

X (COMPUTED IN ABSCON)
TRANSMITTED VIA CO/AMON BLOCK /XXX /

125
Ko RADIATION
—

FIGURE 6: SUBROUTINE FLUCOR

Uks VOAC (4 1) .
ARSRK (l)
FL= !.O
DO LOOP
Jal, M a
5,
DO LOOP'
{Jn], M
105
No_g(" 76
5
YES
DETERMINES WHETHER
CALL TEST
OR NOT A FLOURESCENCE
( ARGUMENTS: J, L, 1TEST /' cORRECTION IS NECES SARY
Jv
PO LCOP
K=Li, 6, 2
TO 4
2
DOES
nes;(

DOES™
YC(d,KKK)
w0?

NO
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DOES
ANCO(S, S, K)
=0?

4 -
Vo/VG (4,KK)

DO LOOP
K2=], M
1013

— al

0O LOOP
JJ=), NEL
103

e

| DEN=DEN+C (4J) #ABCO (K2, J, K1)

XF=X/DEIN
Y= SIEDEN
IF LLx 2 SET AR=4,0
FKu(0.5 « P(K)+(1-1/AR)*OMEGA (J, KK)#(A (L) /A(S) o
{(UB=1) /(UA=1))1.67¢ABCO (L, J, KI)/DEN
* (ALOG(14 XF) / XF+ALOG(14Y) /1)) «C(1))
SFKs SFK+FK
ITEST (K)=0

@ '
{INCREMENY l

& TEST JJ) J

WRITE (10UT, 712) EQ), "

Ka
Lo

K3 FLOURESCED )

" "
\EQ{ e, con

y

(INCREMENT K
BY 2 & TEST)

e i S m— —— —— —r— ——

(INCREMENT
&
TEST i)

WRITE (10UT, 714) E (L), FL
~TOTAL FIOURESCENCE COR-
RECTION (IF ANY) FOR E (U
FIGURE 6 : SUBRCUTINE FLUCOR (CONTINUED)
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(ANY 41)
1NdNI
0L 09

404 SNOILO3¥¥02

NMONXNN Ni
ININ3T3 HOVA

‘SNOLLISOdN0D 1Nd1NO

(ANY 41}
INdNI
0l 09

w

CN

é
NMONMNN
HIH1ONY

S3A

INIWIT3 HOVZ

NYHI04d NOILIIHY0D 3904d0UIIN

404 SOILVY
1Nd1N0 Z 300N
T 300N 300K
"0 Iy
“4¥09 WIOL
v ILNdWOD
NMONMNN 2
M = 1419
:M_Sn_ s“m_o (NMONMNDN)
NOI1D3NY0D
39N3IISIUN0TS
(NMONMNAL
NOI LOFNHOD
ON NO1LdY0SaY
NOILy¥3Ll (NMONYINN)
NI193g NOILOINY0D
#
ﬁ JINOLY
y y
NMONXNDN
09
31NdNOD —
». Z I00W
NMONMNN i
19313S —_— )

;
QUVANYLS
4IHLONY

(Q¥vanNvis)
NOILOINY¥O0D
3JINIISIYNO0NA

*

(Quvanvis)
NOILOINY0D
NOILd¥OSEY

t

NOILO3Y¥¥0D
#
JINOLY
{QHYCONVIS)

T

SR EARG

S3A

QUVANVLS
10313S

t

g/
ALNSNOD

1
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ENATA THETA=52 .5, TAI= 15F=5,,30E=5,,15F=8,5TN=3%1,2,3,4,5,682%N,
N=RGMFI=] 0 eM=] N GMM=A JNRAS =R 4MANF=] JNPROR=D (NRTONM=] 41 JMF=1NIK T,
JSPEC=T 3720331070331 0230 3RSTN=R%N 41 425N 43,2.0,V0=20,0,

FEND

Figure 8—Input Data — Sample Problem 1 — DATA Files
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EDATA THFTA=5?.3-TAH=.1HF-G,.ﬂnE—ﬁ,.L%FJQ.QTnuﬂﬁl.?vﬂo“oﬁvhoﬂ?#ﬂq
N=RyNFLIZ) 04 M=] N NMah NRGSEA G MIINER] JMPRARED (NSTLMNM=) of TNF=)NRIKY ,
TSPRGE1 92 033102430162 N RETN2AKN L1 4 25%0,3,2 N VWNE20,0,

RREND
TGAY20, D401 D4,DAND DR, 349
274 03,070 DORLIN D77

YMGAYIZ, D24,.2 N)LA00 NN, N4¢
7,79 N9,.512 NNN,RY 2,73

'S1t14, N2R.1 D1.R40 NN,100
2:77 0KJT38 0N Kb 2,72

YALY13, 027.0 01560 DO, NTH
?7.78 N7,95) NN1,1R 2,73

"NAYEL. D23,0 01,070 000NN
.79 114480 N.6? .77

TMN125, 054.9 0A.540 00.NO0
2.77 01.R96 01N,45 2,73

YCR124, 052.0 05,990 NN,598
2:73 02.070 009,18 2,73

'FE'26. 055.9 07.110 00,707
2.72 01.743 N11.T5 ?2.73

'T1'22. 047.9 04,970 N0,450

273 02.497 007.00 2.72
£ N A. 01640 00,532 NOL000
2.82 23.3:0

ANYN'S PRNALEM
0. 0.
0.1 0334

STANDARD #l.eeasPURE NIOPST

4 CA MG ST n
18.51 11.23 75.92
STANDARD #2.....ENAL &
4 MG AL ST 0
23,02 2.65 26,57
STANDARD #3,....D] 65 JD 25
6 CA MG SI NA AL D
12,02 7.30 26459
STANDARD #4.....PYROPE GLAS
5 MN MG AL ST N
4,19 16.29 17.05
STANDARD #6.....CR IN MD 75
5 CA MG CR SI N
13,62 14.20 1.31
STANDARD
4 MG FE
31,04 5,66

RACKGROUND FOR AL

RACKGROUND FNR FE

RACKGROUND FOR CR
N0NO10 (010000 NO1ONND
000010 0006240 NOL11TO
ABONLO NNTONON ANTAANN
00N010 NO1NONO NONANNN
N00010 NONONOD DOLANNN
AONOIN ONEONOO ONNANON
AOONLN ONN4ASH NONP210
NOODLE NOLONOO NONAONN
NONNLO DOANAND NNYANNN
NONNTO ONANNNA OONNNNN
NNOO1N NONOAYTO NONANOAN
NOOOLN 00100OND NODNONND
ANNO1N NOONNNO NOLANON
0ANN1N 0004500 NONLSSN
NONOLO NNTNOND NNONNAN
000010 AONONND ANYANNOD
ANNNIA NONOALO ANOONND
AONON1IO 00ONOO0. NOONDTN

N.

St n
19,27

WO TET)
nn1oo
nnonn
nnonn
noInn
nnon?
noone
0noonn
nnINo
nonnn

noonn
nnonn

onnnn

Figure 11-Input Data
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noennnn
nnoanpan
annaone

(aAlalalalelaly]

at

N230 NQ,Q7 11,0000 0,10 N3,380 N3A,000 34,330 NLRLLN0

2ReH
02600

NIRR 12,36 1 ,0000 N,NAN NG,RRG NOLRER S0, NNND 011,750

RYETA
meap
N2
N3y A

A,A5

0ani

1he7 T.AN

0322

17.7 10,0

0270

01?1

N,
NE
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47.76

3,98
S

20,95
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7593

#boeooaP=14N FNSTERITE

44,03

211100
111000
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121000
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231400
121000
232500
222AN0
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Ar22n0y

90
an
ne
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nn
15
non
no
on
nn

0o
nn

nn

0.

4o AT

46,57

46,94

25N ,7
«N1500

L1.A4 N,R0NN 0,N58A 07,124 DALTAR LHD.0N0

173.,0
¥N1 750

170,.4
N1626

1774 2.0000 0,020 11,910 11,617 50.0N0

-ﬂ‘375

08,83 1.0000 0,290 02,102 01.910 19.500

6.9 lq¢l

«N3125

N9.03 1.0000 Nu268 N2.291 02,085 21,640
17.9

4.8 0.7

.N3000

NRA4 1.0000 04320 01,927 014757 17.600
17.7

7.0 17.525

03250

09,45 1.0000 0:274 02,748 02,514 27.420

?T7.3
« 02750

14408 1.0000 0,004 23,700 00.000 50,000

« 01000

0. ,n. o.

45,16

— Sample 'Problem 1 — Intensity Data File
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Figure 12-Output Data — Sample Problem 1 (Continued)
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Figure 16~Output Data — Sample Problem 3 (Continued)
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