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PREFACE 

The programs described 1n the first edition of this work1 have 
been modified so extensively that a revised edition seems desirable. 
The modifications are almost all extensions of the original programs to 
provide more flexibility or to take care of special cases that have 
arisen since the previous description appeared. Many of these altera-
tions were required when two-disk operation was initiated on the PDP 
11/34: the size of the output files was significantly increased, and a 
different way of accessing previously calculated samples was imple-
mented. Files were further expanded when operation on the PDP 11/23 
was Initiated, Three new chapters have been written: one to describe 
the data and file transfer operation between the MINCs or 11/10 and the 
11/23; the report-writing program, REP, has been expanded to such a 
degree that I felt it warranted Independent treatment; and command 
files are given their own chapter to provide easy access for 
reference. 

Numerous small modifications have been made to enhance operator 
convenience but, for the most part, these are too small to be worthy 
of specific mention. 



ABSTRACT 

The computer programs described in "New Computer Programs to 
Acquire and Process Isotopic Mass Spectrometry Data"! have been 
revised. 

This report describes in some detail the operation of these pro-
grams, which acquire and process isotopic mass spectrometry data. 
Both functional and overall design aspects are addressed. The three 
basic program units -- file manipulation, data acquisition, and data 
processing — are discussed in turn. Step-by-step instructions are 
Included where appropriate, and each sub-section 1s described in enough 
detail to give a clear picture of its function. Organization of file 
structure, which is central to the entire concept, 1s extensively 
discussed with the help of numerous tables. Appendices contain flow 
charts and outline file structure to help a programmer unfamiliar with 
the programs to alter them with a minimum of lost time. 

1. INTRODUCTION 

The Mass Spectrometry Section of the Analytical Chemistry Division 
is heavily Involved in the isotopic analysis of many elements. Spe-
cialized mass spectrometers to perform such analyses have been designed 
and built and their descriptions published.2-4 These instruments 
consist of one, two, or three stages and are equipped with pulse-
counting detection systems to allow analysis of small samples 
(<1 ng U). 

Programs to process the isotopic data generated by such instru-
ments were written some years ago.5 These programs operated on our 
IBM-1130 computer, which served as a general purpose processor. It 
was directly interfaced only to our high resolution mass spectrome-
ter,^'^ which does not generate isotope data. Data collection 
systems using the IBM-1130 for data processing were based on 400-
channel analyzers.® These analyzers gradually became unusable due to 
a myriad of aging problems after they reached 15 years of age, neces-
sitating their replacement. Digital Equipment Corporation PDP-11 
series computers were chosen to serve as the hearts of our new systems. 
The PDP-11 computer first acquired was installed 1n Vienna With the 
mass spectrometer we built for the International Atomic Energy 

1 
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Agency.9,10 y^e programs developed for this system were predicated 
on the assumption that all samples would be of Safeguards origin, which 
made them too restrictive to be of general use at ORNL. 

New computer programs have therefore been written which allow the 
analyst as much flexibility as could be provided; the few restrictions 
do not reduce the general flexibility to any significant extent. Under 
this new system of program*,, any element may be analyzed under any scan-
ning scheme with any ratios desired calculated. All scanning and ratio 
Information 1s entered as masses (rather than subgroup number), mini-
mizing the familiarity with programming details required of the analyst. 
Many calculations formerly done separately (if at all) can be Initiated 
automatically by keying In appropriate values for various parameters. 
A conceptual description of these programs has been published.!! 

There are currently three PDP-11 computers serving data-collect-
ing/processing functions: a PDP-11/10 with a single 1.2 M word disk 
and 16K words of core is Interfaced to the two-stage mass spectrometer 
designed to analyze alpha-radioactive samples; a PDP 11/34 1s inter-
faced to a single stage mass spectrometer used as a research Instru-
ment; and a PDP-11/23 with two 5M word disks and 128K words of core 
serves as host computer to process data from four mass spectrometers. 
Two multi-staged instruments are interfaced to DEC MINC mini-computers, 
which are in turn linked via a locally designed communications network 
to the PDP 11/23.I2'13 The latter serves an entirely computational 
function and is not Interfaced to any Instrument. The MINCs consist of 
a central processor, 32K of core, a visual display and keyboard unit, 
and a dual floppy disk drive. Each drive has a capacity of 256K words. 

This report is based on PDP-11/23 operation and incorporates all 
changes made to exploit its greater core size and disk storage capac-
ity. The programs are thus both more complex and more flexible than 
those previously described. A maximum of sixteen mass positions 
(called subgroups) of 32 data points (channels) each can be swept each 
run. Each subgroup can be swept a predetermined number of times before 
starting to sweep the next mass; this number 1s called the sweep factor. 
This allows enhancement of precision on minor isotope measurements by 
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scanning them more times per sweep than the major Isotopes. A typical 
sweeping scheme for uranium 1s outlined in Table 1. 

Table 1. Typical Scanning Scheme 

Mass 231 233 234 235 236 236.5 238 239 
Percent Isotoplc 

Abundance 0 0 0.0054 1.0037 0.0068 0 98.984 0 
Sweep Factor 4 1 8 4 8 1 1 1 

Of the masses not present in uranium, 231 is used to correct for back-
ground noise 1n the counting system and 236.5 is used to correct for 
tailing from mass 238 into mass 236 (usually less than 1 ppm). Mass 
239 is scanned to monUor Pu; mass 233 is scanned only if the sample is 
spiked with that isotope. 



2. OVERVIEW AND FILE STRUCTURE 

The programs can conveniently be divided Into four main groups: 
1. Data collecting program (MSR), 2. Data processing program (MSC), 3. 
File editing program (FILE), and 4. Report writing program (REP). 

All Information required 1n the data processing step is entered 
when the operator is keying in Instructions before analysis In the 
data collection program. This allows uninterrupted data processing 
for as many as 150 samples to proceed without Intervention by the 
operator. 

The file editing programs serve to correct the errors that 
inevitably creep in and to Input new entries. The report writing 
program presents results 1n the form of a report with several format 
options available. 

Figure 1 depicts schematically the sequence of operations required 
of the analyst. After bootstrapping the computer and entering the 
date, the operator must decide whether or not all files are current. If 
not, he must enter the required information 1n the appropriate file. 
For example, if a new scanning scheme is to be used, the variables 
defining It must be entered before data can be taken. On the other 
hand, 1f a new set of ratio calculations 1s desired, the Information 
defining it may be entered either before or after data collection. It 
must, however, be entered before data processing, and the record number 
Identifying the ratio entered in the data collection program must agree 
with the record the new ratio Information 1s entered in. Spiked 
samples will require attention to the output file for proper calcula-
tion. Each spiked sample has an unspiked companion for use in calcu-
lation of quantities. This companion will frequently be the average of 
two or more analyses of individual samples. Such averages can be 
calculated and stored on the disk In program REP (Chapter 7). Care 
must be taken to assign to these averages unique Identification codes 
to ensure correct assignment of companion samples. Blank correction 
operates in a manner analogous to spike companion calculations. Files 
containing dead time and bias, and spike and standard information 
require less frequent updating than those just mentioned. 

5 
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All such file changes are Implemented by running programs FILE or 
REP. Note that a different SCAN file resides on each data-collecting 
computer, suited to the unique demands of the samples analyzed un each 
mass spectrometer. The other files all reside on the 11/23. When all 
files are up to date (as will usually be the case), program MSR (to 
collect data) or MSC (to process data) 1s executed directly. 

Much of the input/output for these programs is from/to files that 
reside permanently on the disk. A conscientious effort has been made 
to minimize the amount of information necessary for the operator to key 
in for each sample; however, since one of the prices of flexibility is 
the need for more information, a substantial amount of data must be 
entered manually. 

Table 2 lists all the files used 1n the programs, their sizes, 
and a brief description of their contents. Files on the MINC are 
smaller because the floppy disks have less capacity than the hard 
disks on the POP 11/23. All files will be described in more detail 
in Chapter 3. Input from the operator Indicates which records of 
SCAN and RATIO are to be applied to the current sample. Updating of 
DTBIAS, SAMP, CHDATA, BKOUT, OUT, IDA30, OUTLIS and STAND occurs auto-
matically with no Input from the operator required. MASSAB, SPIKE, 
RATIO, and SCAN are static files that are updated from program FILE 
when required; program MSC treates them as read-only devices. 
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Table 2. File Descriptions 

Size* 
No. File MINC 

and 11/10 11/23 
Contents 

1 SCAN 100,60 100,60 Scanning schemes. 
2 SAMP 21,160 201,160 Sample information: title, no. 

of runs, etc. 
3 CHDATA 229,512 1141,512 Channel-by-channel raw data. 
4 RATIO 150,150 Ratios to be calculated. 
5 OUT 3001,260 Final ratios and standard devia-

tions. 
6 BKOUT 3,3000 Bookkeeping file for OUT; con-

tains all sample namesn 
7 DTBIAS 4,22 Dead time and bias correction per 

mass for each mass spectrometer. 
8 SPIKE 50,40 Isotopic compositions of spikes. 
9 STAND 20,51 Isotopic compositions of stan-

dards. 
10 MASSAB 120,42 Element symbol, no. of Isotopes, 

exact masses and abundances of 
all Isotopes. 

11 SUMCTS 2851,40 Total uncorrected counts in each 
SG: 16 nos./run maximum. 

12 IDA80 301,256 Run-by-run ratios required for 
IDA80 formats. 

13 OUTLIS variable variable DECwriter output for 11/10. 

•Number of records, number of words/record. 
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3. FILE HANDLING 

3.1 Creating Files: Program MAKFIL 

This program was written to simplify creation of new files. It 
calls for the program name, Including disk assignment and extension, to 
be entered, and the size of the file in blocks. It fills the file with 
zeroes or blanks at the operator's choice. 

3.2 Program FILE 

There are a nutter of files to which access Is provided in program 
FILE. The specific file to be addressed Is chosen by an Index defined 
1n the following table. 

Table 3. Branching in Program FILE 

Index File 
1 DTBIAS 
2 SCAN 
3 RATIO 
4 MASSAB 
5 SPIKE 
6 STAND 
7 SAMP 
8 SUMCTS or CHDATA 

Most of these files periodically require updating, either by entry 
of additional information or by correcting outdated values. They will 
be described 1n the order indicated above. OUT and BKOUT are altered 
by their own program, REP. OUTLIS cannot be edited. Structures of all 
files with variable names and dimensions are tabulated 1n Appendix 3. 

13 
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3.3 Program MFILE 

An abbreviated version of FILE, called MFILE, 1s stored on the 
11/23 disk. MFILE runs on the MINCs and the 11/10 and addresses only 
those files required for taking data with them: SCAN, SAMP, and 
CHDATA. The corresponding subroutines are stored on the 11/23 disk as 
MSCANS, MSAMCH, and MSUMS. They are stored on the 11/23 bee?us& 
program editing and development is much quicker and more reliable on 
that computer than 1t 1s on the MINCs. 

MFILE 1s compiled on the 11/23 and transferred to the MINCs as 
FILE.SAV vi.i programs S23 and RM or R34 (Section 5.5). 

The files accessible through FILE on the MINCs and 11/10 are 
summarized 1n Table 4. 

Table 4: MINC and 11/10 Files 
Addressed by FILE 

Index File 
1 SCAN 
2 SAMP 
3 CHDATA 

3.4 DTBIAS; Subroutine BIASS 

DTBIAS contains the instruments' dead time and bias correction 
per mass. It has four records 22 words long. There is one record 
containing the bias parameters for each Instrument served by the host 
computer. Numbers have been assigned to the various mass spectrometers 
to simplify programming: 

1. Three-stage mass spectrometer 
2. Two-stage mass spectrometer 
3. Single-stage mass spectrometer 
4. Two-stage alpha mass spectrometer. 

There Is space allotted for four values of the bias correction for 
each Instrument so that corrections for different regions of the mass 
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range are simultaneously available. Program MSC automatically assigns 
the bias correction according to the following table: 

Table 4a. Bias Correction 
Bias 

Correctloi Mass Range 
1 Additional bias required 

for Pu on resin beads. 
2 <150 
3 150-200 
4 >200 

These assignments are easily redefined should it become desirable. 
Entering 1 for the index 1n program FILE causes subroutine BIASS 

to be executed. The instrument Identification code 1s entered, and the 
current contents of the relevant record are listed. At the operator's 
option, either dead time or bias (all four) or both may be changed. In 
addition, the bias correction can be updated automatically each time a 
standard 1s analyzed. The procedure 1s described in Sect. 3.9 (STAND 
File). 

3.5 SCAN; Subroutine SCANS 

SCAN contains up to 100'different scanning schemes. It has 100 
records of 60 words each. The contents of each record contain, in 
order, the element symbol, the number of the highest subgroup to be 
used, the number of cycles to be made across the mass range for one 
run, mass numbers and sweep factors arranged in order of increasing 
subgroup number, and masses for numerators and denominators to be 
written on the VDU or DECwriter. This file 1s different for each mass 
spectrometer and resides on the disks of the data-taking computers. 

It seems unlikely that as many as 100 scanning schemes will ever 
simultaneously be needed, so 1t is convenient to allow room for future 
addition of scans for commonly analyzed elements. For example, uranium 
scans might be stored in records 1-20, Pu in 21-40, etc. 
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Addition or corrections to SCAN are made by entering 2 as the 
index 1n program FILE, which causes subroutine SCANS to be executed. 
The entire file can be listed, or only those records applicable to a 
given element, or only a single record. 

Additions and corrections ar made by entering the record number 
1n the file SCAN. Entering recor. .jmber 0 (zero), which 1s meaning-
less otherwise, causes the program to return to the main line program. 
For a non-zero record number, the current contents of the record are 
listed (or a message that a new file 1s being created appears), and a 
series of instructions is given, telling the operator which parameter 
to enter. Original values can be retained by entering zero or -1, 
depending on whether or not zero 1s a meaningful value for the 
parameter in question. This obviates the need to re-enter parameters 
that are to remain unchanged. 

When all parameters have been entered, they are listed, and an 
opportunity 1s given to remedy any incorrect entries. (The question 
"INPUT OK" appears; a zero (meaning yes) causes the program to pro-
ceed; a "1" (meaning no) causes the program to branch back to interro-
gate the operator for correct Information. See Section 8.7 on 
Subroutine IOK). 

3.6 RATIO; Subroutine RATS 

RATIO contains information to control up to 150 different ratio 
calculations; it has 150 records of 150 words each. The contents of 
each record contain, 1n order, the element symbol, the base mass for 
bias correction, masses for the ratios to be calculated (numerator, 
denominator, numerator, denominator, etc. for as many as 22 ratios), 
masses for up to three sums, masses for up to three differences, mass 
position to be subtracted from all others for background correction, 
and the normalizing mass to be used in calculations of atom percents. 
The function of these parameters 1s described in detail in Chapter 6. 

Access to the file 1s obtained by entering 3 as the Index 1n pro-
gram FILE, which causes subroutine RATS to be called. Its organization 
1s similar to SCAN, and corrections and additions are made to It 1n the 
same way. 
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3.7 MASSAB; Subroutine ABEX 

MASSAB contains the entire periodic chart of stable isotopes for 
all elements. It has 120 records of 42 words each and contains in 
each record an element symbol and the number of isotopes, exact masses, 
and abundances associated with it. The only reason to alter this file 
would be to add exact masses for isotopes that do not occur in nature. 
This is done through subroutine ABEX, which is entered by using 4 for 
the index 1n program FILE. MASSAB 1s accessed through subroutines LOOK 
and AL00K (Section 8.1C) during data processing. 

3.8 SPIKE; Subroutine SPI 

SPIKE contains information about as many as 50 different spikes; 
it has 50 records of 40 words each. Each record contains in sequence 
the element symbol, the masses to be used in the ratio for the isotope 
dilution calculation (e.g., 239/242 for Pu), the masses to be used for 
internal standard calculations (if any; see Section 6.5), the masses of 
the Isotopes in the spike and their abundances, and the atomic weight 
of the spike. 

Access to this file is obtained by entering 5 as the index in 
program FILE, which causes subroutine SPI to be called. Operation of 
the program 1s similar to those for SCAN and RATIO; the atomic weight 
is calculated by the computer and not entered from the keyboard. 

3.9 STAND; Subroutine STD 

STAND has 20 records of 51 words each containing information about 
Isotopic calibration standards. The calibration ratio in masses (e.g., 
235/238 for NBS-U010) occupies the first two words of each of the first 
10 records. The remainder of each of the first 10 records contains the 
Isotopic composition of standards; 1n the 10th position of each of 
these records,is the theoretical value of the calibration ratio for the 
standard 1n question. Then follow the nominal masses of the isotopes 
in the standard and the masses used for calculating two ratios in the 
initial calibration of an Instrument after a change of multipliers. 
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The first of these defines the ratio to be used to calculate a new 
bias correction per mass; the second defines the ratio to be used 1n 
calculation of a new dead time. The use of these ratios in Subroutine 
C5 (Section 6.7) allows any standard to be used to recalibrate the in-
strument; any element may be used as well. This approach makes Instru-
ment calibration completely general, Independent of element and stan-
dard. The most commonly used standard used for this purpose remains 
NBS-U500. 

Record 11 contains the last 10 values of a ratio calculated by 
dividing the measured calibration ratio by its theoretical value; these 
values will thus always be close to 1.0 and are renormallzed before 
each entry. The purpose of this record 1s to allow routine updating of 
the bias correction based on the last 10 values obtained for the cali-
bration ratio. Using ratios defined in this way allows use of any 
standard, irrespective of element and Isotopic composition, to be used 
to update the bias correction. Ratios deviating by more than 1.0% from 
1.0 are automatically excluded from routine updating. Section 6.10 
contains additional details on this procedure. 

Record 12 contains the last 10 values of the ratio before normali-
zation, i.e., the actual experimental values. It is these values that 
are listed on the output page after the weight percents for each stan-
dard. Records 13,14; 15,16; and 17,18 contain similar information 
relevant to the other three mass spectrometers. 

Entry of data into STAND is similar to that for SPIKE: instruc-
tions from the keyboard should be self-explanatory. 

3.10 SAMP; Subroutine SAMCH 

On the MINCs and 11/10, SAMP contains information concerning the 
most recent samples analyzed. It has 21 records of 160 words each. 
The file on the 11/23 disk has room for 200 samples (201 records of 160 
words each). The first word in the file on the 11/23 is a flag indi-
cating whether or not the data for this sample have previously been 
processed. On the MINCs and 11/10, this variable indicates whether or 
not the data have been transferred to the 11/23. This 1s followed 1n 
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order by the element symbol, unique sample Identification code, resin 
bead companion sample (1f any), spike companion sample (if any), title 
(sample description), sweep rate, number of the highest sub-group 
swept, sweep factors, masses, number of runs, number of cycles, amount 
of spike, comments (including temperature), the date, record number in 
the standard file (1f a standard, zero for other samples), record in 
the SPIKE file containing the isotoplc composition of the spike (zero 
for unsplked samples), record number in the RATIO file where the 
desired ratio information is stored, record where the data start in the 
SUMCTS file, a flag indicating whether or not the sample 1s a mixed 
resin bead, sample weight, dilution weight, aliquot weight, density, 
number of oxygens 1n the peak, the ratio to be used in spike calcula-
tions, the record in CHDATA where the channel data start, Index indi-
cating whether or not a blank correction is to be made, batch code, 
standard identification code (0 is not a standard), record number In 
STAND file if the sample is a calibration standard, date to which Pu 
data are to be corrected, blank companion identification code, contami-
nant elements, instrument number, pass number, and first run to be pro-
cessed. All these variables are described in Chapters 4 and 6, and are 
listed in Table 29, Appendix 3. 

This file can be altered by entering 7 for the index in program 
FILE, which calls subroutine SAMCH. A record number is entered and any 
or all variables may be corrected. Instructions should be self-explan-
atory. For most variables, pressing RETURN retains original values; 
this is not possible if zero is a meaningful value for that parameter, 
so a few of them must be entered explicitly each time. ICALC, the 
variable indicating whether or not the data have been processed, 1s by 
far the most frequent parameter changed. It is treated as a special 
case, allowing the operator to change ICALC without the delay of list-
ing file contents and being Interrogated about all the other variables; 
other common alterations are automatically Implemented by entering the 
appropriate value for the index. 

The 201st record of SAMP (21st on the MINCs and 11/10) 1s used for 
bookkeeping purposes; the number of the record last used Is stored in 
it. It is automatically updated in programs MSR and REC. r 
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3.11 BKOUT, OUT 

OUT contains results for the last 3000 samples analyzed. It has 
3001 records of 260 words each. The 3001st record is used for book-
keeping purposes and contains the record number of the last data writ-
ten in the file; program MSC updates this record automatically for each 
sample processed. Data collected under a sample code identical to one 
already in the OUT file are written in the same record rather than 1n a 
new one. 

This file contains in sequence the element symbol, the unique 
sample code, resin bead companion sample (if any), spike companion (if 
any), the record number in the RATIO file used, the masses (numerators 
and denominators) of the ratios calculated, the masses associated with 
each subgroup, values for 22 averages and their standard deviations, 
the masses Included in the sum for the atom percent calculations, 
values for atom percents and their standard deviations, the atomic 
weight of the sample, and its descriptive title. These are further 
described in Table 29, Appendix 3. 

BKOUT exists solely to reduce the amount of time required to 
search OUT. OUT is used several places In the calculational program to 
supply data (e.g., Isotopic compositions of spike and resin bead com-
panions). BKOUT has three records of 3000 words each and contains only 
the unique codes of the 3000 samples stored in OUT. These codes are 
stored in the same sequence in BKOUT as the corresponding results are 
stored in OUT. 

Subroutine 0UTL00 (Section 8.13) searches BKOUT for a given sample 
name and returns the record number in OUT where the desired data are 
stored; if no match is found, zero is returned as the record number. 
This search takes approximately 4 seconds, in contrast to the 45 
seconds required for a one-by-one search of 500 entries in OUT. 

New sample names are entered in BKOUT through 0UTL00 (q.v.). 
Results for samples are automatically entered 1n BKOUT and OUT in 
program MSC, subroutine C6B; the operator has no control over this 
operation. Access to OUT is gained through program REP, which is 
described in Chapter 7. 
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3.12 CHDATA 

CHDATA contains the point-by-point raw counts collected during 
each run. Each run must be individually accessible; however, eight 
subgroups (255 channels) is by far the most common scan length, and the 
file has been organized so that units of this length are individually 
addressable. This results in a file of 1141 records 512 words long to 
store the 256 real numbers (one per channel) that constitute the data. 
This results in a compact file and maximizes data storage. Thus, 60 
samples of 19 runs of 8 subgroups each or 114 samples of 10 runs of 8 
subgroups each can be stored. The 1141st record is the bookkeeping 
record and contains the number of the last record in which new data 
were written. No program has been written to change individual channel 
data in CHDATA. Runs for which bad data are stored can be selectively 
eliminated in program MSC. The counter in record 1141 can be changed 
through subroutine SUMS (see next section). 

3.13 SUMCTS; Subroutine SUMS 

SUMCTS 1s a condensed version of CHDATA implemented to conserve 
disk space while allowing access to more raw data. It consists of 2851 
records of 40 words each. Each record represents an individual run and 
holds in turn the element symbol, sample code, number of channels used 
in the sum, and the sum of the raw counts for each subgroup in that 
run. This effectively reducas the amount of information required for a 
run from 512 numbers (channels) to 16 (subgroups). The value of the 
record in SUMCTS to be used is established in subroutine C2. SUMCTS is 
accessible through subroutine SUMS and can be varied at will. This 
should rarely be necessary since the only data processing that has been 
done is the determination of peak widths, elimination of noise spikes, 
and addition of the counts in the individual channels to form one sum 
per mass position in subroutine C3. No effort has been made to con-
dense SUMCTS (as was done for CHDATA) because the file is not too large 
and, in any case, only 200 samples are accessible due to the size of 
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the SAMP file. Record 2851 1s used for bookkeeping purposes and con-
tains the number of latest record into which data have been written. 

3.14 OUTLIS 

OUTLIS is a sequential, rather than a random access, file. It 1s 
created anew each time program MSC is executed, but will have Informa-
tion written Into it only for the first data processing of samples 
analyzed on machine 4. When these conditions are met (MCH = 4, NXSM = 
0), the value of the variable IDEV is changed from 6 (for the line 
printer) to 33 (for OUTLIS). Thus, no output will appear on the line 
printer in the back lab during execution of subroutines C3, C6A, and 
C6B; instead, it will be transferred through subroutine C8 (Section 
6.11) and program R1023 (Section 5.3) to the 11/10 disk; it is subse-
quently sent to the 11/10's DECwriter through subroutine ASCLIS 
(Section 8.1). 

OUTLIS is a file whose length varies as a function of the number 
of samples from the 11/10 (machine 4) processed in a single batch. The 
length of the file for a single sample will vary with the number of 
runs. This file is simply the ASCII representation of the output; no 
mathematical operations can be performed on it. There is no way to 
edit it, but it can be listed independently of C8 and R1023 by exe-
cuting program MESS (Section 5.4) Tn general, one sample requires 
10-12 blocks of disk space. 



4. DATA ACCUMULATION: PROGRAM MSR 

4.1 Introduction 

Program MSR collects data from the mass spectrometers and stores 
them on the disk to await processing. It consists of several different 
sections: 

1. OPROT, the main line program. 
2. SETUP, a subroutine to read information concerning the sample 

from the keyboard and from the disk. 
3. MSOP, which oversees data collection and storage, and which 

call s 
4. MSDSW and MSRUN1, assembly language subroutines to interact 

with the control panel; these are both entry points in MSRUN9, 
the name of the file on the disk. MSDSW and MSRUN1 control 
the sweep control panels designed by H. S. McKown, and were 
written by him. 

Only the FORTRAN programs will be described in this chapter. The 
function of each segment is described briefly in Table 5. 

Table 5. Description of Program MSR 
Program Segment Function 

OPROT Main line program; calls SETUP and MSOP 
in sequence. 

SETUP Reads sample information from keyboard 
and disk files. 

MSOP Oversees data collection; writes data on 
disk; writes display ratios on VDU or 
DECwriter; increments run counter. 

MSDSW Control panel readiness tester. 
MSRUN1 Controls sweep control panel and collects 

data. 

23 
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4.2 Linking MSR on the MINCs 

Programs to run on the MINCs are prefixed by an "M" on the 11/23 
disk: MSETUP and MMSOP identify these subroutines; since it 1s Identi-
cal on all instruments, OPROT has the same name on all of them. Link-
ing of MSR for use on the MINCs must be done on one of them; MSRUN9 
fails on the MINCs when linking is done on the 11/23. Thus, the rele-
vant .OBJ files must be transferred from the 11/23 to a MINC via pro-
grams S23 and RM (Section 5.3). 

There are three types of floppy disks Involved in creating MSR.SAV 
on a MINC. These are defined in Table 6. 

Table 6. Floppy Disks to Create MSR.SAV 
Type Description 
A Mass spectrometer operating disks containing only 

.SAV files. 
B Systems disks with FORTRA.SAV, LINK.SAV, etc. 
C Program disks with .FOR and .OBJ files. There is 

no bootstrap on this type of disk. 

To transfer new files from the 11/23, install a type B disk on 
drive 0 and a type C disk on drive 1. Execute .ASS DY1: DK:. This 
allows .FORT and @ MSR commands to proceed as desired, storing the new 
.OBJ and .SAV files on the type C disk on drive 1. Transfer the 
desired programs via programs S23 and RM from the 11/23 to drive 1 on 
the MINC. Compile and link as required; replace the disk on drive 0 
with one of type A and COPY the .SAV program from drive 1 to drive 0. 

4.3 OPROT 

OPROT is the main line calling program controlling data collec-
tion. It consists primarily of CALL statements. This is a new program 
since the previous edition and was implemented to prevent having both 
MSOP and SETUP simultaneously reside In core. The combination was too 
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big to be accommodated by the 16K core of the 11/10. It calls in 
sequence MSDSW, SETUP, and MSOP. MSDSW tests the status of the control 
panel. If an unready condition is encountered, a message describing 
what 1s wrong is written out; after the operator corrects the condi-
tion, pressing RETURN causes OPROT to resume execution by calling SETUP 
and MSOP in turn. At the end of data taking for a given sample, *it 
asks if another sample is to be analyzed. On an affirmative response, 
the operator can choose to retain all parameters except the unique 
sample code and description, or to enter each parameter again. The 
former is a convenient time-saver when, as is often the case, a series 
of similar samples is to be analyzed. 

4.4 SETUP 

SETUP is a subroutine called by OPROT to conduct initialization 
procedures and to read information the operator enters at the keyboard. 
The program first checks the SAMP file to be sure that there is space 
available for storage of fresh data (i.e., ICALC = 1 for at least one 
record). If none is available, a message on the keyboard warns the 
operator so that chances of inadvertent loss of valuable data are 
minimized. The MINC and 11/10 operators also have the option to 
re-initialize both SAMP and CHDATA so they can start writing data at 
the beginning of each file. 

SETUP first checks the bookkeeping record of SAMP and determines 
the record number in that file to be used for the current sample. The 
operator may change this at will by entering a non-zero value in 
response to the prompting message on the VDU; the original value is 
retained if RETURN is pressed. 

The element symbol and the record number in the SCAN file that 
contains the parameters to control the sweeping of the mass spectrum 
are entered. If the element entered does not agree with that stored in 
the SCAN file, a warning appears; data may still be taken under the 
requested scheme if so desired. If the sample is Pu, a date to which 
the isotopic abundance results are to be corrected is asked for; it is 
not necessary to enter a date here, in which case no such calculations 
will be made. 
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The scan parameters may be listed if desired, and alterations to 
them may be made. (The latter option Is currently disabled.) SETUP 1s 
so organized that pressing RETURN on the keyboard causes execution of 
the program to proceed normally; entering anything else causes branch-
ing to less used regions of the program. For example, If neither list 
nor alterations are required (the most common occurrence), pressing 
RETURN causes the program to skip these options. 

The parameters stored in SCAN are described in Table 7. 

Table 7. Contents of SCAN File 
Variable Dimension Description 

JEL 1 Element symbol 
NSG 1 Number of highest subgroup to be scanned 
NCYC 1 Number of cycles per run 
MASS 16 Masses associated with each subgroup 
NSF 16 Sweep factors associated with each subgroup 
LRAT 3,2 Masses of the numerators and denominators 

of display ratios 

If alterations to scan parameters are required, a new value is 
requested for each in turn. Pressing RETURN for a given variable 
causes its original value to be retained. Thus, only the variables to 
be changed need be specifically entered. 

The record number in the RATIO file is now entered. Explanation 
of the variables stored in this file is given in the next chapter 
(Table 14). 

SETUP now checks the bookkeeping record of CHDATA to find the 
record number in which the channel data for the current sample will be 
written and lists it on the DECwriter. Its value cannot be changed at 
this point. 

A batch code is now entered. This variable aids in sorting 
results for reports and is fully explained in Chapter 7. A code for 
the sample is now entered. This must be unique to the present sample 
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to allow proper identification of data and results In later programs. 
Up to 20 characters of descriptive title are entered next. 

In some instruments the number of oxygen atoms in the peaks being 
monitored is now enterd. This is a little-used option and allows 
calculation in subroutine C6A of isotopic abundances corrected for 
oxygen contributions. 

If the sample is to be run from a resin bead, a 1 is entered in 
response to the next message on the teletype; a 0 (zero) is entered 
otherwise. If it is mixed resin bead sample, the unique code identi-
fying the companion sample is now entered; this allows correction to be 
made at the 238 mass position, where both Pu and U have isotopes. The 
companion sample code to be entered for a Pu sample identifies the U on 
the bead with it; for a U sample, it identifies the Pu. 

The next variable entered indicates whether the sample is spiked 
or not. A zero (RETURN) is used for all unspiked samples. A non-zero 
identifies the record in the SPIKE file relevant to the spike used (see 
Section 3.8). If calculations are to be made on a ratio other than 
that stored in the SPIKE file, the masses of that ratio are input. The 
sample code of the spike companion is now entered; this should be the 
unique code for identifying the unspiked sample associated with the 
current spiked sample; the element will, of course, be the same for 
both samples. Identification of the unspiked companion is necessary to 
allow correction for isotoplc interferences between spike and sample. 
The program searches the OUT file for this code; if it is not present, 
no spike calculations will be made. It is the operator's responsi-
bility to be sure information required by spike calculations 1s present 
in the OUT file. This frequently requires using program REP (Chapter 
7) to calculate averages of unspiked samples or to e v.er information 
manually. The minimum amount of information required for an unspiked 
sample is the sample name, isotoplc masses in sum 1, isotoplc abun-
dances, and the atomic weight. Entry of companion Information Into 
file OUT has been simplified; only the minimum amount of information is 
called for. 

Values for the density and spike, sample, dilution, and aliquot 
weights are entered next. 
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Element symbols for up to three contaminant elements are entered. 
This allows, for example, a Tc analysis to be corrected for Mo and Ru. 
RETURN indicates no such corrections are to be made. 

The next bit of information required defines whether or not the 
sample is a calibration standard. A zero (RETURN) in reply to the key-
board message indicates a non-standard sample. A non-zero reply iden-
tifies the record in the STAND file (Section 3.9) containing the 
certified isotopic composition of the standard. Calibration of the 
instrument by use of NBS-U500 or other calibration standard is a 
special case for which data processing takes an entirely different 
route. Such a standard is identified by entering 11 at this point; it 
is then necessary to enter the record number in file STAND containing 
the isotopic information of the standard of choice. 

A blank correction can be called by entering a 1 in response to 
the next question. If it is, the sample code identifying the blank 
sample is called for; location of the pertinent information in file OUT 
is carried out in the same way as for spiked or mixed companion 
samples. 

4.5 MSOP 

MSOP is the subroutine overseeing data collection. It blanks the 
screen of the VDU and writes out headings before control passes to 
MSRUN1, an entry point in the assembly language subroutine MSRUN9. At 
the completion of a run, control returns to MSOP, and the values of up 
to three ratios are written on the VDU or DECwriter. The count rate of 
the largest peak among those masses used in the numerators and denomi-
nators of these ratios is also displayed. The values thus displayed 
are a great help in monitoring the progress of an analysis. The data 
are stored in the two disk files (SAMP and CHDATA), the run counter is 
increased by one, MSRUN1 is called again, and the next run commences. 

There is special provision for resumption of a sample. This is 
convenient if an arc has caused undesired termination of data collect-
ing. In this case, data are inserted into the files as if no inter-
ruption had occurred. 
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When enough data have been collected to constitute an analysis, 
the operator presses the "End Sample" switch. Temperature and comments 
are entered in response to a keyboard message. The operator then is 
asked to enter the first and last run numbers; entering 0 for both will 
result in processing of the data for all runs. This provision was made 
to allow easy elimination of data known to be bad: a ratio may drift 
for several runs before stabilizing, or one more run than advisable may 
have been taken in an effort to obtain the most data possible. In data 
processing, the data for the first run will correspond to the number 
entered in response to the question here. The total number of runs is 
adjusted in accordance with the response to the "last run" message. 



5. DATA TRANSFER 

5.1 REC 

REC is the main line program operating on the PDP 11/23 that re-
ceives mass spectral data from the MINCs and 11/10. It calls RNET and 
NTWAIT, entry points for subroutine R34, which is the assembly language 
subroutine that effects the actual transfer of data. This subroutine 
was written by R. J. Warmack and modified by H. S. McKown. Data are 
transferred by blocks, and the call for RNET is CALL RNET (NBLK, A) 
where NBLK is the number of blocks and A the data array. The program 
is terminated by setting ICALC (the first element of data 1n the SAMP 
file) equal to 21; NBLK and ICALC are defined in TRAN (Section 5.2). 

REC sets ICALC to zero and updates CHDATA and SAMP on the 11/23 
disk. REC.SAV is created by the command .LINK REC, RNET23. 

5.2 TRAN 

TRAN is the main line program operating on the MINCs and 11/10 to 
transmit mass spectral data from them to the 11/23. It is in this 
program that the number of blocks in a single transmission is set. It 
calls SEND, an entry point for subroutines SENDM and SEND34. This is 
an assembly language subroutine written by R. J. Warmack and modified 
by H. S. McKown.12,13 The calling form is the same as for RNET, 
which receives on the 11/23 the data transmitted by SEND. 

The program searches the SAMP file for samples with ICALC = 0. 
Data for these are automatically sent with no intervention by the 
operator required. When data for all such samples have been trans-
mitted, ICALC is set equal to 21 and execution of both TRAN and REC is 
terminated. 

TRAN.SAV is created by executing .LINK TRAN, SENDM (on the MINCs) 
or .LINK TRAN, SEND34 (on the 11/34 or 11/10). SENDM is created by 
executing .MACRO/OBJ:SENDM NTBLM + SEND. SEND34.0BJ is created by 
executing .MACRO/OBJ:SEND34 NTBL34 + SEND. 

31 
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5 .3 R1023 

Program R1023 is a stand-alone program and was written to take 
care of the special case of operation on the 11/10. Because of the 
distances involved, it is desirable to have the output for the initial 
processing of data for samples analyzed on the 2-stage alpha mass 
spectrometer appear on the 11/10's DECwriter. To effect this a file 
called OUTLIS.DAT is created on the 11/23 each time program MSC is 
executed. If the data originated at the 11/10 (machine 4) and if the 
given pass is the first time these data have been processed (NXSM = 0), 
output normally sent to the line printer (logical unit number 6) is 
redirected to the sequential disk file OUTLIS.DAT (logical unit number 
33). OUTLIS will thus contain the output for the most recent execution 
of MSC; it will be a null file if no output has been directed to it. 

Under the conditions specified (MCH = 4, NXSM = 0), the root 
program of MSC will call subroutine C8 (section 6.11), which, in con-
junction with R1023 being active and the 11/10, initiates transfer of 
OUTLIS from the 11/23 to the 11/10. Once the transfer is complete 
(signalled by an ampersand, &, as the first character in a block), 
subroutine ASCLIS (section 8.1) is called, which simply lists the 
contents of OUTLIS on the DEC writer. 

5.4 MESS 

MESS is a stand-alone program that calls ASCLIS and lists the 
contents of OUTLIS. It is useful if, for example, the paper on the 
DECwriter was out of synchronization during the first listing. 

5.5 File Transfer Programs: S23 and RM; R23 and SM 

These programs were written by R. J. Warmack and are used to 
transfer entire files between the 11/23 and the MINCs or 11/10 via the 
communications network he and T. R. Mueller developed.^'13 They 
are used in pairs, and the pair to be used is dependent on which 
direction information will be flowing. The mnemonics of the program 
names are outlined in Table 8. 
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Table 8. Mnemonics of File Transfer Programs 
Code Definition 

S Send 
R Receive 
M MINC 
23 PDP 11/23 

Thus, to transfer a file from the 11/23 to a MINC, the operator first 
executes RM (for Receive on the MINC or R34 to receive on the 11/10) on 
the MINC and the S23 (for ̂ end from the 11/23). Program S23 asks which 
file is to be transferred, and the entire file name, including exten-
sion (e.g., MFILE.SAV) must be entered. If the file is stored on disk 
1, that information must be entered in conventional RT format (e.g., 
DK1:SPIKE.DAT). The program then asks for the name of the destination 
file; if this is identical to the source file, RETURN may be pressed; 
if the names of the two files differ in any way, the entire 
specification of the destination file, including disk identification 
and extension, must be entered. The program next requires the operator 
to identify which computer is to be the destination device. The MINCs 
are numbered 1 and 2; these numbers have craftily been chosen so that 
they correspond to the instrument number — MINC 1 is on mass spec-
trometer 1 and MINC 2 is on mass spectrometer 2; the PDP 11/34 on the 
single stage mass spectrometer is number 3; and the 11/10 on the alpha 
machine is number 4. 

The program next lists source and destination files and ask "Are 
you sure?" The responses are "Y" for yes or "N" for no. This feature 
provides an opportunity for verification of input data and a chance to 
abort the operaton if a mistake is detected. 

To transmit files in the other direction, from the MINC or 11/10 
to the 11/23, program R23 (Receive on the 11/23) is the first executed 
on the 11/23. Program SM (.Send from the MINC) or S34 is then executed 
on whichever computer will be the sending device; the questions and 
responses are identical to those described above. 



6. DATA PROCESSING: PROGRAM MSC 

6.1 Introducton 

Program MSC processes the data collected in program MSR. It 
consists of a main line calling program, MSROOT, and nine subroutines, 
CI, C2, ..., C8, (C6 has been divided into C6A and C6B). The function 
of each segment is described in Table 9. 

Table 9. Description of Program MSC 
Program Function 
MSROOT Main line calling program. 
CI Identifies which samples are to be calculated. 
C2 Reads SAMP, DTBIAS and RATIO files, and calculates bias 

correction for each mass. Identifies record numbers for 
companion samples in files OUT and SUMCTS. 

C3 Reads CHDATA file and reduces individual channel data to a 
sum of counts for each subgroups, corrected for dead time, 
sweep factor, and bias correction Stores or reads SUMCTS. 
Calculates bias correction per run when an internal standard 
is present. 

C4 Calculates sums and differences; calculates all ratios and 
standard deviations for each run; corrections for both back-
ground and contaminant elements are made here; ratios for 
total in isotope dilution calculations are calculated. 

C5 Calculates weighted averages and standard deviations for all 
ratios; performs a statistical rejection test on individual 
ratios; performs calibration standard (eg. NBS 500) calcula-
tions. 

C6A Outputs results of calculations; calculates atom and weight 
percents. 

C6B Performs blank corrections; performs spike calculations if 
no companion is entered; writes data on disk. 

C7 Updates bias correction by use of STAND file; updates SAMP 
file; writes into IDA80 file. 

C8 Transfers output file (OUTLIS) to PDP 11/10. 

These subroutines exist in overlay mode; C4 uses nearly the full 
capacity of a 32K core. 

35 



36 

The 11/23 does not have a console switch register, necessitating 
introduction of another variable to control branching to various 
optional, but rarely used, portions of the program. This variable is 
entered immediately after entering MSC. Table 10 describes these 
options and the value of the variable, ISW. 

Table 10. Branching Options 
Value of ISW Subroutine Function 

0 — Normal branching followed. 
1 CI Allows calculation of previously 

processed data. 
2 C2 Allows entry of run numbers to 

be omitted from the calculations. 
4 C3 Lists all counts in individual 

channels starting with the run 
entered by operator. 

The most commonly used options have been assigned to the lowest 
numbers. Note that any combination of options is indicated by entering 
the sum of their individual values, as shown in Table 11. 

Table 11. Combined Branching Options 
Value of ISW Result 

0 Normal branching. 
1 Recalculation. 
2 Reject runs. 
3 Recalculation + reject runs. 
4 Channel listing. 
5 Recalculation + channel listing 
6 Reject runs + channel listing. 
7 All of the above. 
8 List options on DECwriter. 

Note that, if you cannot remember the options, you may obtain a 
list by entering "8" at the first opportunity. 
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6.2 MSROOT 

MSROOT is the main line calling program of MSC and consists pri-
marily of CALL statements. The only other functions it serves are to 
determine when all samples have been processed and to test to see if 
output is to be sent to the 11/10. 

6.3 Subroutine CI 

CI determines which samples are to be processed. There are two 
methods it uses to do this: automatic and manual entry of sample 
identification. 

In automatic mode, it scans the contents of SAMP looking for sam-
ples whose data have not yet been processed. This is indicated by the 
value of a variable, ICALC. ICALC = 0 means the data are unprocessed. 
ICALC = 1 means the data have been processed. The program retains the 
record numbers in SAMP of each unprocessed sample; these will be 
sequentially processed without returning to CI. No intervention by the 
operator is necessary. 

Subroutine CI also checks to see if a resin bead Pu sample is 
stored in a higher numbered record in the SAMP file than its companion 
U; the calculations are predicated on the assumption that Pu data will 
be processed before the companion U data. If it finds that the U 
sample is ahead of Pu in the queue, the positions of the two samples 
are changed so that Pu, U pairs are in direct sequence. The most 
likely occasion for this to occur would be when Pu data are stored 1n 
record 20 on a MINC; the U data immediately following would then be 
stored in record 1. Another case would be where all Pu analyses for a 
wheel of mixed samples are performed first, followed by the U. Data 
from either element of a mixed resin bead pair may be reprocessed 
independently of the other; no special conditions need be met. 

Record numbers in SAMP identifying the samples whose data are to 
be processed may be entered manually by entering "1", "3", "5", or "7" 
response to the prompt. The program also defaults to this option if 
data for all samples have already been processed. The contents of SAMP 
may be listed, and the operator enters the record numbers of the data 



38 

he wishes to be calculated (or recalculated), terminating his list with 
a 0 (zero). There are 200 samples accessible for recalculation on the 
11/23. 

Calculation of all samples proceeds without further operator In-
tervention unless runs are to be rejected or individual channel data 
listed. 

6.4 Subroutine C2 

Subroutine C2 reads sample information from the SAMP file. This 
includes all the various parameters needed to control the route of MSC 
during the calculations. If runs are to be omitted from the calcula-
tions (ISW = 2, 6, or 7) those run numbers are read in from the key-
board. 

The necessity of correcting data obtained from mixed resin beads 
results in substantial additional complexity in the programs. A vari-
able named IMIX is used to guide the calculations; IMIX is defined in 
Table 12. IPASS is a variable that assumes a value of 0 on the first 
pass through the data and 1 on the second. 

Table 12. Definition of IMIX 
IMIX IPASS Kind of Sample 
1 0 Uncorrected Pu (first pass) 
2 0 Uncorrected U (first pass) 
3 1 Corrected Pu (second pass) 
4 1 Corrected U (second pass) 
5 0,1 Unmixed sample 

This complexity arises because both Pu and U have isotopes with a nomi-
nal mass of 238. To process the data from a resin bead pair, the pro-
gram first determines the uncorrected Pu and U ratios, writing out an 
abbreviated report of the results. 238Pu interference with 
238u is almost always less serious than 2 3 8U interference 
with 2 3 8Pu. 2 3 8Pu is usually of minor, and 2 3 8U usually 
of major, isotopic abundance. Because of this, the uncorrected 235/238 
U ratio will almost always be more accurate than the uncorrected 
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238/239 Pu ratio. Thus, the corrections are initiated by using the un-
corrected 235/238 U ratio to correct the 238 position in the Pu data. 
Using 235/238 ratios in the Pu and U samples, the appropriate number of 
counts is subtracted from the 238 position in the Pu data. IMIX is set 
equal to 3, and corrected Pu ratios are calculated and listed. The 
corrected 238/239 Pu ratio thus obtained is used to correct the 238 
position in U data. New U ratios are then calculated (IMIX = 4) and 
listed. It is these corrected ratios that are written in the OUT file. 

To be mathematically accurate, the above steps should be repeated 
until agreement between successive calculations is obtained. Such a 
procedure would be cumbersome and time consuming; in the real world, if 
the data require more than the one-pass correction outlined above, 
acceptable results are probably not forthcoming from the data. Rerun-
ning the sample is indicated. 

To effect these corrections, subroutine C2, on detecting a mixed 
sample, inserts for a second time the mixed Pu and U samples in the 
list of samples to be calculated. Each element is added in its appro-
priate place, and IMIX is set In accordance with element symbol, MIX, 
and IPASS. Table 13 should clarify the sequence. Two unmixed samples 
have been Included for illustrative purposes. 

A few special cases should be mentioned. Bias corrections are 
applied only to masses that differ by less than 10 from the base mass. 
This is to allow the use of, for example, 315 (for 231.5) as a mass 
position for a background correction and not have a ridiculous bias 
correction applied to it. Bias corrections for mass positions differ-
ing from the base mass by more than 10 are set equal to 1.0. 

It has been found empirically that Pu analyzed from a resin bead 
requires 0.2-0.3 percent per mass more voltage correction than Pu ana-
lyzed from a solution loading. This Is probably due to the fact that 
data are taken at different points on the fractionation curve in the 
two cases. Thus, when MIX = 1 (resin bead sample), the bias correction 
per mass for Pu is increased by this amount, the exact value of which 
is stored in the DTBIAS file. In addition, for this same case, the 235 
mass position represents only U + and thus should not have the addi-
tional bias correction applied to it 1n comparison to mass 238. This 
has been implemented in the program. 
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Table 13. Sequencing by IMIX 
Original Sequence New Sequence 

No. Element ICALC MIX IMIX 
1 U 0 0 5 
2 0 1 1 
3 U* 0 1 2 
4 Pu 0 0 5 

No. Element ICALC MIX IMIX 
1 U 0 0 5 
2 Pu^ 0 1 1 
3 U* 0 1 2 
4 pu** 1 1 3 
5 u** 1 1 4 
6 Pu 0 0 5 

•Mixed samples. 
••Samples added to obtain corrected ratios. 

Another function of this subroutine is to establish which record 
numbers in the appropriate files are to be used. Record numbers in 
OUT are determined for the current sample (NR1), unsplked companion, 
if any, (NR2), resin bead companion (fiR3), and blank companion (NR4). 
All of these values are established through subroutine 0UTL00; the 
process is described in section 8.13. The first record in SUMCTS into 
which summed raw counts are to be written or from which they are to be 
read is also determined by reading record 2851 of the SUMCTS file or by 
locating the position of a previously calculated sample. A search of 
SUMCTS is made independently of the value of ICALC. 

6.5 Subroutine C3 

Subroutine C3 has been entirely rewritten since publication of the 
previous edition. Its function is to reduce the 512 numbers represent-
ing the counts in each channel to 16 numbers representing the sum of 
counts at each mass position. It determines the flat-topped width of 
each peak and uses the smallest for summing over all positions. Noise 
spikes and other anomalies are detected and corrected. The sums of raw 
counts are corrected for sweep rate, dead time, number of cycles, peak 
width, and sweep factor; these sums are passed on in COMMON to subse-
quent program segments and serve as the basis of ratio calculations. 
Standard deviations (square roots of the corrected counts) are also 
calculated. 
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The first time the data for a sample are processed, the uncor-
rected sums of the raw counts for each subgroup are written into the 
next record of the SUMCTS file (see section 3.12 for a description of 
its structure). On subsequent processings, raw data are read from this 
file rather than CHDATA, This not only conserves disk space, but also 
reduces processing time by elimination of the determination of width 
and calculation of the sums for each mass position. 

A short report is written out summarizing the calculations. The 
raw counts in each subgroup for each run are tabulated, and total 
counts in each subgroup for the whole analysis are listed. 

Further calculations are made in this subroutine when the sample 
incorporates an internal standard. The flag identifying whether or not 
internal standard calculations are to be made is incorporated with the 
SPIKE file (Section 3.8). A ratio is included in this file to indicate 
which mass positions are to be used as the basis of internal standard 
calculations; if this ratio contains zeros, no such calculations will 
be made. 

The idea behind internal standard calculations is to use the known 
value of the ratio of two isotopes in a spike to calculate the bias 
correction per mass required for each run from each filament; this cal-
culated bias correction is then used 1n the calculation of corrected 
counts at each mass position. Such a technique has great potential 
application in isotope dilution calculations. For example, in a 
uranium sample, a 233-236 mixture of known isotopic ratio can be used 
as a spike. After correcting 236 for the contribution from the un-
spiked sample, the value of the measured 233/236 in the mixture of 
spike and sample can be used to calculate a bias correction for each 
run; this correction is then used to obtain the value of the 238/236 or 
238/233 ratio for isotopic dilution purposes. This process is iterated 
until successive values of the isotope dilution ratio agree to better 
than 1 part per million. 

A new bias correction is calculated for each run, allowing approx-
imate correction for any Isotopic fractionation that occurs during the 
course of an analysis. Individual bias corrections and their average 
are listed in the last column of the "raw counts" table. It is this 
average that appears on the second page of output. Subsequent calcula-
tions proceed as before. 
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6.6 Subroutine C4 

Subroutine C4 calculates the ratios called for in the RATIO file. 
The contents of the ratio file are summarized in Table 14. 

Table 14. Contents of RATIO File 
Variable Dimension Description 

KEL 1 Element symbol 
MBS 1 Base mass on which to calculate bias 

corrections 
MR AT 22,2 Masses for the numerators and denominators 

of the ratios 
MSUM 3,16 Masses to be included in sums 
MDIF 3,16 Masses to be included in differences 
MSG 1 Mass position to be subtracted from all 

mass positions for background correction 
MOMS 1 Normalizing mass to be used in atom percent 

calculations 

Because all entries are in teras of masses, the operator need only 
know the isotopic information in those terms; he may, however, specify 
subgroup numbers if he chooses. (See below ) Subroutine C4 correlates 
the masses with the appropriate subgroups, creating a new suite of 
variables more convenient for the programmer. MBS identifies the mass 
for which the bias correction is to be 1.0. Bias corrections for other 
masses are calculated by subtracting the product of the difference in 
mass and the bias correction per mass (from the DTBIAS file) from 1.0. 
MOMS is the mass in the denominator of ratios to be used in calculating 
atom percents; it must be included in SUM 1. 

One of the few restrictions in these programs is involved with the 
variable MSUM. Atom percents are calculated (in subroutine C6A) on the 
basis of atom ratios. This is to preclude anomalies in the results 
such as having the percentages add to something other than 100. The 
masses to be used in this calculation must be entered as the first sum 
[MSUM (l,n)]. If atom percents are not required, MOMS should be set to 
zero. The other two sums, MSUM (2,n) and MSUM (3,n), do not yield atom 
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percents. Atom fractions, however, can be obtained from any sum by 
calling for ratios of each mass 1n the sum to the sum itself, as 
explained below. 

Sums and differences may be called for in the calculation of 
ratios, or of other sums and differences, by entering the appropriate 
values tabulated in Table 15 into the numerator, denominator, or sum or 
difference in the RATIO file. This assignment of numbers is not arbi-
trary: numbers 1 - 1 6 are reserved for identification of subgroups, 
and, by using 17 - 22 for the sums and differences, calculations are 
simplified, only requiring upper DO loop indices to be adjusted as 
needed. 

Table 15. Calling Instructions for Sums and Differences 
Variables to be Used in Calculation Number to call it 

MSUM (1,) 17 
MSUM (2,) 18 
MSUM (3,) 19 
MDIF (1,) 20 
MDIF (2,) 21 
MDIF (3.) 22 

Correction for the background position is made, and sums and dif-
ferences are calculated. Any difference that results 1n a number less 
than zero is converted to zero. Division by zero is avoided throughout 
MSC. The ratios called for by MRAT are calculated, along with their 
standard deviations. If the sample is spiked and if the isotopic com-
position of the unspiked sample 1s known, correction for isotopic con-
tributions to the ratio mass positions is made, and the total amount of 
the element for that run calculated. The equation used to calculate 
the amount of the element present in the sample was developed by 
Hintenberger*4 and is one of several mathematically equivalent 
forms. It can be written: 
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where: 

Ws = weight of sample 
Wp = weight of spike 
As - atomic weight sample 
Ap = atomic weight spike 

ami = abundance of isotope 
amk = abundance of isotope 
api = abundance of isotope 
apk = abundance of isotope 
asi = abundance of Isotope 
ask = abundance of isotope 

i in mixture of spike and sample 
k in mixture 
i in spike 
k in spike 
1 in unsplked sample 
k in unspiked sample 

Isotope i is usually the isotope of high abundance in the sample and 
isotope k the isotope of high abundance in the spike, but this is not 
a necessity. "Reverse" isotope dilution calculations can be made 
simply by interchanging numerator and denominator of the spike ratio. 

As many as three contaminant elements may be subtracted from the 
spectrum of the element being analyzed. The inspiration for this was 
the natural Mo and Ru background present in Tc analyses. Certain 
conditions must be met for these corrections to be made properly: 
there must be at least one isotope of each contaminant element free of 
isobaric interferences; and the contaminant must be present in its 
natural isotopic distribution, or failing that, its composition must be 
known and entered in the MASSAB file under an unambiguous symbol. If 
two isotopes of a contaminant are free of interference, the program 
will compare the measured ratio to the theoretical; if they differ by 
more than 5%, corrections for that element will not be applied. 

Symbols for contaminant elements are entered at the appropriate 
place in program MSR. If none are entered, no corrections will be 
made; otherwise, any combination of one, two, or three elements may be 
specified as long as they conform to the conditions stipulated above. 

A variable named NCOM describes each peak in the spectrum when 
correction for contaminants is being made. Definitions of NCOM are 
listed in Table 16. 
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Table 16: Contaminant Correction: Definition of NCOM 
Value of NCOM Definition 

1 Background. 
2 Sample isotope only. 
3 Contaminant 1 only. 
4 Contaminant 2 only 
5 Sample + contaminant 1. 
6 Sample + contaminant 2. 
7 Sample + contaminant 1 and 2. 
8 Contaminants 1 and 2. 
9 Contaminant 3 only. 
10 Sample + contaminant 3. 
11 Sample + contaminants 1 and 3. 
12 Sample + contaminants 2 and 3. 
13 Sample + contaminants 1, 2, and 3. 
14 Contaminants 1 and 3. 
15 Contaminants 2 and 3. 
16 Contaminants 1, 2, and 3. 

The program uses this variable to determine what corrections are to be 
applied to each mass position. The corrections are based on the iso-
topic composition found under the given element symbol in file MASSAB. 

A number of calculational requirements demand special treatment. 
Although such special cases tend to reduce the overall generality of 
the programs, their impact should be minimal. Among these special 
cases are corrections applied to various masses. In a U spectrum, a 
mass labeled 365 (for 236.5) is automatically assigned a bias correc-
tion of 0.6. This value is an empirical one for two-stage mass spec-
trometers and is used to correct the 236 mass position for tailing from 
238. It is usually 1 ppm or less. 

There are occasions when it is desirable to scan the same masses 
twice in each sweep across the mass spectrum. For example, to obtain 
the best precision on U minor isotope ratios, the mass scan is arranged 
234, 235, 236, 236, 235, 234. Obviously, when 234/235 is called, the 
computer will not know which 234 or 235 peak to use. The way to get 
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around this problem 1s to enter subgroup numbers rather than masses in 
the ratio, sum, and difference input. If the entry for a given numera-
tor or denominator is less than 25, the subgroup number and mass number 
are set equal by the program. This means that elements with masses 
less than 25 will cause great confusion, requiring a patch in the 
program if they are to be analyzed. The usefulness of this approach 
has diminished with the implementation of a new scanning philosophy in 
subroutine MSRUN9: the spectrum is now scanned alternately up in mass 
and down, distributing the sweeps over any given mass symmetrically 
with respect to time. 

6.7 Subroutine C5 

Subroutine C5 calculates the averages and standard deviations of 
the ratios determined in subroutine C4. The standard deviation for 
each ratio average is calculated from the formula: 

~ n 1 /2 
SD = I (xi - x)2 

i=l 
n - 1 

where Xj are the values of the individual ratios and x the average 
of n runs. 

The Individual ratios are submitted to a statistical outlier test. 
If outliers are found, the average and standard deviation for that 
ratio are recalculated with outliers omitted. Statistical treatment of 
the data is fully described in Reference 9. 

Subroutine C5 also does the basic calibration (NBS 500-type) cal-
culations. The bias correction ratio (235/238) 1s first calculated and 
a new bias correction determined. This bias correction is used in cal-
culating a dead time ratio (234/235), from which a new dead time is 
determined. This process is iterated up to 5 times or until the new 
dead time is within 0.005 ysec of the previous value. Count rates of 
the numerator of the bias correction ratio ( 2 3 5U) are also calcu-
lated. 
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6.8 Subroutine C6A 

Subroutine C6A is the output subroutine; it also calculates atom 
and weight percents. 

General information — sample code, date, masses, etc. -- are 
listed at the top of the output sheet. Ratios are listed next on a 
run-by-run basis, followed by their averages and standard deviations. 
Atom percents, if called for in sum 1, and their standard deviations 
are listed next. Standard deviations for atom percents are calculated 
from the equation 

/ • 
Si 2 + $2 2 +...+ N 

2 1/2 
l R l J i s 

where P is the product of n ratios and S p its standard deviation; 
Rn are atom ratios and S n their standard deviations. The standard 
deviation of the normalizing mass ratio of 1.0 is estimated from the 
total counts collected for the sample. Atom percents corrected for 
oxygen isotopes then appear (if called for). Weight percents and 
atomic weight are then listed if atom percents were calculated. Weight 
percents are calculated by using the MASSAB file (Section 3.7) to find 
the necessary nuclidic masses, and subroutine WGPCT (Section 8.18) to 
convert atom percents to weight percents. Isotopic compositions of Pu 
samples corrected to any given date are listed if called for. 

For spiked samples, isotopic abundances and atomic weights for the 
unspiked sample and spike are listed. Dilution factor and concentra-
tion 1n grams per gram and grams per liter are calculated and listed 
along with the necessary input information (sample, dilution, and 
aliquot weights; density). The total amount of the element and its 
standard deviation are also listed in E fields in case the field speci-
fication in the ratio table (F9.6) is exceeded. 

6.9 Subroutine C6B 

Subroutine C6 was broken Into two parts (C6A and C6B) because it 
had become so large that 1t occupied virtually all available core (32K). 
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The first of these (C6A) is primarily a listing module, while the 
second (C6B) performs various calculations. 

Occasionally it is desirable to perform isotope dilution calcula-
tions for samples whose isotopic composition is unknown. Such cases 
are flagged by using "NO" as the first two letters of the spike compan-
ion identification: since the isotopic composition of the unspiked 
sample is unknown, clearly there can be no spike companion. Two assump-
tions are made in performing these calculations: 1) the masses listed 
in SUM(l,n) refer to the unspiked sample; and 2) no correction to the 
isotopic composition of the sample for contributions from the spike is 
necessary. This last assumption is of course only an approximation, 
but the highest quality results are not forthcoming in any event if the 
isotopic compositon of the sample is unknown. Using the isotopic com-
positon calculated from SUM(l,n), an isotope dilution ratio is calcu-
lated as outlined in Section 6.6 to provide the necessary information 
for calculation of concentration. 

Blank correction, if called for, is applied in this subroutine. 
Corrections are made to atom percents on the basis of the blank com-
panion sample identified by the operator at analysis time. The iso-
topic composition and total amount of this blank sample, identified by 
variable KBLK, are stored in file OUT and read into the program. Hin-
tenberger's isotopic dilution equation^ was expanded to include 
contributions from more than one source. Thus, the blank correction is 
general and is applicable to any element. 

The modified equation can be written: 

W =W s As 
ami _ dpi 
amk apk 
asi _ 
ask amk 

apk WbAs 
ask + 

am1 abi 
3mk abk abk 
asi _ ask 
ask amk 

where subscript b refers to the blank and the terms are as defined 
previously in Section 6.6. 

The calculations are set up so that SUM (l,n) contains the iso-
topes of spike plus sample and SUM (2,n) contains the isotopes of the 
sample only. A record in the RATIO file must be created containing 
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this information, which must be used both when the data for the blank 
alone are processed and for processing the sample plus blank. 

Under the conditions existing in our laboratory, it is assumed 
that the spike Isotope (e.g. 233j) iS unique to the spike, i.e., 
that the blank and sample do not have an isotope of this mass. This 
assumption allows calculation of both concentration and isotopic com-
position from a single analysis. If a case were to arise where these 
conditions did not obtain, revisions to the program would be required. 

The isotopic composition of the blank is listed, followed by the 
blank-corrected isotopic composition of the sample. This is the com-
position stored in the OUT file for the sample In question. 

A special case has been made for MIST uranium samples. The best 
possible values for the 234/235 and 236/235 ratios are desired. Mass 
238 is not monitored, and the atom percent of 235, supplied by K-25 or 
Paducah, is entered in program MSR. MIST samples are identified by 
having "M" as the first character in their unique sample codes. The 
special listing in subroutine C6B outputs the 235/234 ratios, which are 
wanted by diffusion plant personnel. 

Special listings are also provided in program REP and are 
described in Section 7.3. 

6.10 Subroutine C7 

Subroutine C7 outputs calibration standard (NBS-500) results, 
updates ICALC to 1 in the SAMP file, and corrects the bias correction 
per mass on the basis of the last 10 standards analyzed (Section 3.7) 
through use of the STAND file. The 11th record of STAND contains 
information concerning the last 10 standards analyzed. The numbers 
stored are the ratios of the measured calibration ratio (e.g. 
235y/238u) to the theoretical value of the calibration 
ratio. These ratios are always close to 1.0 and must be updated for 
each standard analyzed by dividing each ratio of ratios by the latest 
average of these ratios. This 1s necessary to prevent the bias correc-
tion from always increasing, which will happen if the ratios aren't 
corrected. A new bias correction is calculated from the equation: 
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Bn = Bo + (1 - 7j)/0 

where 
Bn = new bias correction per mass 
B 0 = previous bias correction per mass 
A = current average 
D = difference in mass between the numerator and denominator of 

the calibration ratio masses. 

In the special case of IDA80 samples or the like, the run-by-run 
values of the ratios concerned with atom percent data are written in 
file IDA80 to provide later output in a format unique to those 
requirements. Such samples are identified by using ID as the batch 
code. 

6.11 Subroutine C8 

This subroutine transmits the output data file (OUTLIS), contain-
ing information normally listed on the line printer, to the PDP 11/10. 
It operates in a way similar to TRAN (Section 5.2) and must be used 
with R1023 (Section 5.3), the receiving program on the 11/10. The 
length of OUTLIS is a function of the number of samples processed in a 
single batch; for a given sample the length will vary with the number 
of runs. A flag is thus needed to Indicate the end of the file; this 
has been chosen to be "&" (ampersand) in the first character of a line. 
The programs automatically insert this flag and monitor it; no action 
on the part of the operator is required. 

This subroutine is entered only when data for the given samples 
are being processed for the first time from Instrument number 4. The 
former condition is tested by checking the value of the variable NXSM 
(first record of SUMCTS file); this variable 1s zero for the first 
processing a»id non- zero for subsequent ones. 



7. REPORT WRITING: PROGRAM REP 

7.1 Introduction 

Program REP is primarily a listing program designed to create 
reports in various formats. One of the subroutines (OUTCH) is used 
to edit the OUT file and to insert companion sample information. 
Averages of replicate analyses can also be calculated, either by 
manual entry of the appropriate sample identification or automati-
cally by observing certain conventions on sample codes (see section 
7.5). 

7.2 REPM 

REPM is the main line calling program for the various subrou-
tines. Subroutine OUTCH is entered if editing or insertion is to be 
done in the OUT file. REP1 is called for all cases of report writ-
ing, after which either REP2 or REP3 is called, depending on the 
specific option selected. 

7.3 REP1 

REP1 is the subroutine in which initialization of the report 
program occurs. The logic of this program is controlled by two 
indices (IOUT and LOUT). 

I0UT defines what sort of listing is desired, and LOUT what out-
put format is to be used. These variables are defined in Table 17. 

To reduce the amount of search time required and to reduce the 
problems encountered through accidental use of identical identifica-
tion codes, the operator can enter record numbers at which the search 
for the relevant sample starts and ends. It takes a substantial 
amount of time to search all 3000 records for given entries, but an 
inconsequential amount of time to search 50. The operator need only 
enter record numbers that he knows span the entries he wants; they 
need not define the region precisely. 

51 
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Table 17. Branching in Program REP 
IOUT Result LOUT Result 

1 List all records 1 List ratiost atom 
percents, weight 
percents 

2 List all rccords for one element 2 List ratios only 
3 List only specified records 3 List atom pets only 
4 Calculate averages 4 List weight pets only 
5 List contents (sample names) 5 List atom and weight 

pets only 
6 MIST list 6 Atom percents and 

ratios on one line 
7 Standard list 
8 List Averages only 
9 Automatic calculation of averages 

and listing of replicates and 
averages. 

Identification of samples for I OUT = 3 or I OUT = 4 may be through 
entry of either file record number or the unique sample code. IOUT = 5 
lists only the file record numbers, unique sample codes, and sample 
names, thus serving as a table of contents for the OUT file or sections 
thereof. 

MIST uranium samples are treated as special cases (seel also Sec-
tion 6.9). They are identified by having "M" as the first character of 
the unique sample identification code. MIST samples are arranged in 
order of increasing sample number for listing. Atom percents of 234 
and 236 are calculated using the atom percent 235 entered by the ana-
lyst in program MSR; it is stored as APCT(l) in the OUT file. The 
listing includes the sample code, the first 6 characters of the title 
(for ORGDP or Paduch identification codes), 235/234, 236/234, the atom 
percents of 235, 234, and 236, and the relevant standard deviations. 
Fifteen samples are listed per page. 

A variable called the batch code (IBAT) has been introduced to 
simplify identification of those samples to be listed together. This 
is a two-character code entered at the time of analysis. Batch codes 
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SU and SP are reserved for uranium and plutonium standards, respec-
tively. When a value of IOUT = 7 is entered, the program checks the 
batch codes for these values, identifies all samples carrying such 
designations, and identifies which standards have been analyzed. It 
then lists the NBS certified isotopic compositions before proceeding 
to list the results of actual analyses. 

IOUT = 8 will list averages only. Averages are identified as 
those samples whose first identification code character is A. This 
part of a sample identification convention described below. 

IOUT = 9 calls for automatic listing of replicate analyses and 
their averages. The various options available with this branch are 
described in the section on REP3 (Section 7.5). 

The automatic calculation of averages and listing of replicate 
analyses called for by IOUT = 9 has necessitated imposing some con-
ventions on sample identification codes. Samples within the bound-
aries of the search for which the first five characters of the sample 
code are the same are defined as replicates. The average of the 
analyses thus identified is calculated and stored in the OUT file 
under a sample identification code consisting of A followed by the 
five identical characters in the replicate codes. This scheme leaves 
the sixth character of the sample code available to designate repli-
cate number. An example of this system is given in Table 18. 

Table 18: Example of Sample Code 
Replicate Average 

Code Code 
U05721 
U05722 
U05723 
U05724 AU0572 

The various output formats called by LOUT (see Table 17) are 
largely self-explanatory, but LOUT = 6 requires some explanation. 
When all ratios and atom percents are listed, the output is not as 
readable as It might be because it is not possible to list all ratios 
and percents on one line. LOUT = 6 results in a tidy format by 
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restricting the ratios listed to those relevant to atom percent calcu-
lations. For spiked samples, it also lists the concentration of the 
element in question in either grams per liter or grams per gram, which-
ever the operator chooses. The listing consists of two lines for each 
sample. The first includes the sample code, the values of the ratios 
(maximum of 6), and atom percents (maximum of 5), and the concentration, 
if any. The second line contains the first six characters of the title 
and the relevant standard deviations. The formatting of this output Is 
controlled by subroutine ROP (section 8.14). 

7.4 REP2 

REP2 generates all the lists requested in REP1 except the auto-
matic listing of replicates and calculation of averages (IOUT = 9), 
which is done in REP3. Calculation of averages when replicates are 
identified manually is also done in REP2, and the operator may store 
them, at his option, under any name he chooses. 

7.5 REP3 

REP3 is the subroutine that automatically lists replicate analyses 
and calculates their averages. This is done through the use of the 
sample code conventions described under REP1 in Section 7.3. It is 
possible to search on several parameters in addition to the sample 
code; these are the batch code, element, and instrument number. The 
batch code is a two-character variable used to identify samples that 
belong together. For example, a series of samples from the same 
source, each analyzed in replicate, could have the same batch code. 
The effect of proper use of this variable is to eliminate unwanted 
samples from the output sheet. Two elements can be searched on simul-
taneously; the listing will be ordered so that all analyses of the 
first element, followed by their averages, will be listed first, after 
which all the samples of the second element will be listed, followed by 
their averages. 

Searching on the basis of Instrument was implemented primarily 
to avoid the complications arising when two operators independently 
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choose the same batch code - - a prime example of Murphy's Law in 
operation. 

Table 19 l i s ts hypothetical, but typical , contents of the OUT 
f i l e from which a report of replicate analyses is to be extracted. 
Table 20 l is ts the order in which the samples would be l isted under 
various searching modes. 

Table 19: Typical Contents of OUT Fi le 
Record Sample Code Batch Code Element Instrument 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 

101231 
201231 
U01671 
U01672 
101232 
201232 
U01681 
U01682 
101241 
201241 
101251 
201251 
101261 
201261 
101252 
201252 
101261 
201261 
101242 
201242 

IA 
IA 
RE 
RE 
IA 
IA 

IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 
IA 

U 
Pu 
U 
U 
U 
Pu 
U 
U 
U 
Pu 
U 
Pu 
U 
Pu 
U 
U 
U 
U 
U 
Pu 

1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
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Table 20: Sequence of Sample Listings in REP3 
Search Mode Output Sequence 

Batch El Inst Record Sample Code Batch El Inst 
IA U,Pu 1 551 101231 IA U 1 

555 101232 IA U 1 
571 A10123 Average of above 
559 101241 IA 
569 101242 IA U 1 
572 A10124 Average of above 
552 201231 IA Pu 1 
556 201232 IA Pu 1 
573 A20123 Average of above 
560 201241 IA Pu 1 
570 201242 IA Pu 1 
574 A20124 Average of above 

RE none none 553 U01671 RE U 2 
554 U01672 RE U 2 
575 AU0167 Average of above 
557 U01681 RE U 2 
558 U01682 RE U 2 
576 AU0168 Average of above 

Many other listings could be obtained, of course. For example, 
1f al l uranium samples with a batch code of IA were wanted, the search 
on instrument number would be omitted, and records 551, 555, avg, 559, 
569, avg, 561, 565, avg, 563, 567, avg would be l isted in that order. 

Two variables, LIST and NOUT, control output formats in REP3. 
They are defined in Table 21. 

Table 21: Output Options in REP3 
LIST Result NOUT Result 
0 List al l replicates and 

calculate and l i s t averages. 
1 Ratios and atom 

percents l isted. 

1 List averages only 2 Ratios and weight 
percents l isted. 

2 List samples and do not 
calculate averages 

3 Ratios, atom, and 
weight percents 
l isted (Requires 
another l ine. 
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7.6 OUTCH 

OUTCH is the subroutine through which OUT is edited. Most of the 
data require changing only during debugging, but OUTCH serves several 
functions that are useful to the operator. One is to allow correction 
of mistakes in input that do not effect processing the sample data. An 
example of this kind of variable is the batch code, which can be changed 
to fac i l i t a te sorting in REP. 

A second function allows altering the value of the last word used' 
in the f i l e in case i t somehow gets out of step. This happens infre-
quently (usually when program changes are being made), but demands 
attention when i t does. 

The most common use of OUTCH occurs where a spiked sample is being 
analyzed for which the isotopic composition of the unspiked sample is 
not in the f i l e . Entry may be made through OUTCH for any new sample. 
For the specific case of entering unspiked companion data, values for 
a l l variables need not be entered. The minimum amount of information 
required 1s the sample code (which, of course, must match the unspiked 
companion of the spiked sample), the masses in sum 1 that comprise the 
Isotopes used in calculation of isotopic abundances, the isotopic 
abundances, and the atomic weight. The program automatically enters 
this information in the next available record and increments the record 
counter. I f the operator indicates that data for a companion sample 
are to be entered, the program wi l l ask only for the minimum amount of 
information required. This greatly accelerates input of this nature. 

The f i rs t 20 records of OUT have been set aside for "permanent" 
companion information. These are samples that are periodically 
required as companions and storing data for them in the f i r s t 20 
records renders unnecessary re-entry of the information when f i l e OUT 
comes a fu l l cycle (3000 samples). Examples of such samples are 
natural uranium and thorium, and SALE uranium. 
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8. LIBRARY SUBROUTINES 

In addition to the main line programs, a number of short subrou-
tines have been written that are frequently called. Most of these 
subroutines are incorporated into the local l ibrary, LIB, and need not 
be specified individually during linking. 

8.1 ASCLIS 

This subroutine reads the sequential ASCII f i l e OUTLIS (Section 
3.14) and l is ts i t on device 7 (DECwriter). This f i l e is both written 
and read with a variable dimensioned 133 in a BYTE statement. I t is 
called in programs R1023 and MESS (Sections 5.3 and 5 .4) . I t has no 
arguments and is entered by CALL ASCLIS. 

8.2 ATPCT 

ATPCT calculates atom percents from a given set of isotopic 
ratios. Calling form: CALL ATPCT (n, r , a) where n is the number of 
isotopes, r the array of ratios, and a the atom percents. Note that r 
must be set to the correct number of isotopes in the calling program 
and that ATPCT then defines the nth ratio as 1.0 to include the con-
tribution of the normalizing mass. 

8.3 AVER 

AVER calculates the average of a real, single-dimensioned array. 
Calling form: CALL AVER (n, r , a, s) where n is the number of elements 
in the array, r is the array of values to be averaged, a is the 
average, and s the standard deviation. This last is calculated by 
calling STDEV (q .v . ) . 

8.4 DATSW 

DATSW interrogates a given console switch and returns 1 i f i t is 
down and 2 i f i t is up. Calling form: CALL DATSW (n, ivar) where n 1s 
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the console switch number (0-15) and ivar is an integer variable that 
w i l l have a value of 1 or 2. This subroutine is in assembly language. 
I t is not operational on the 11/23 because no switch register is avail-
able on this computer. 

8.5 ENTER 

ENTER writes a message on the DECwriter: "Entering SR n." The 
calling form is CALL ENTER (n) , where n 1s an Integer. This subroutine 
is used only for diagnostic help, and its call statements are disabled 
during routine operation. 

8.6 FDATE 

FDATE reads the current date from the DEC f i l e . Calling form: 
CALL FDATE ( ivar ) ; ivar is an integer variable that must be dimensioned 
(3 ) . I t contains the day, month, and year in that order. This is an 
assembly language subroutine. 

8.7 IOK 

I OK writes the question "Input OK?" on the DECwriter and reads 
the reply. The convention assumed is that 0 = yes and 1 = no. The 
calling form is: CALL IOK (n) , where n 1s the integer variable 
assigned to the answer to the question. This subroutine is useful 
i f large quantities of data are to be input manually. 

8.8 LINE 

Some of the DECwriters do not have carriage controls. LINE keeps 
track of the current l ine number on the output sheet and advances to a 
new page after 62 lines have been written. Calling form: CALL LINE 
(NLIN.N), where NLIN is the current line number and N is the number of 
lines NLIN is to be increased. I f N = 0, the DECwriter wi l l advance to 
a new page. 
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8.9 LLSQF 

LLSQF obtains the slope and intercept of an array of points for 
straight line plots. X and Y values for the array are sent to the sub-
routine as arguments; by using conventional e q u a t i o n s ^ , the slope, 
intercept, and standard deviation for the straight l ine represented by 
these points are returned to the calling program. The calling form is: 
CALL LLSQF (x, y, s, y i , sd) where x and y are the arrays of points, s 
is the slope, yi the y intercept, and sd the standard deviation. 

8.10 LOOK and AL00K 

LOOK looks up an element in the MASSAB f i l e and returns the number 
of isotopes and their exact masses for that element. Even though they 
are present in the MASSAB f i l e , abundances are not returned unless they 
are required by the calculations. The calling form is CALL LOOK (IEL, 
NIS, XMAS) where IEL is the element symbol, NIS the number of isotopes, 
and XMAS the exact masses. XMAS is dimensioned 10 to accommodate t in . 

The subroutine repeatedly reads a record in MASSAB and compares 
i ts symbol to IEL. When a match is found, the subroutine returns con-
trol to the calling program. 

ALOOK is similar to LOOK but includes the tabulated abundance of 
the Isotopes In the returned arguments. The calling form is CALL ALOOK 
(OEL, NIS, XMAS, ABUN), where ABUN is demensioned 10. 

8.11 MSRUN9 

This is the latest in a series of assembly language subroutines 
written by H. S. McKown to operate the sweep control panel he designed. 
I t is this subroutine that controls the voltage sweep of the mass spec-
trum, using the parameters called for by the operator through his 
choice of a record in the SCAN f i l e . I t has two entry points, MSDSW 
and MSRUN1. MSDSW is called early in OPROT to test the status of the 
sweep control panel and to return an error code i f a switch is incor-
rectly positioned. Table 22 l is ts the status associated with various 
values of the variable IRTRN, which defines the specific error. MSDSW 
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also returns an integer value designating the mass spectrometer being 
controlled by the given sweep control panel. This variable is desig-
nated MCH, and i ts meaning is defined in Table 23. 

Table 22. Definition of IRTRN 

IRTRN Status of Sweep Control Panel 

1 Al 1 systems go 
2 Sweep control power off 
3 "End of Sample" switch on 
4 "Restart run" switch on 
5 Sweep control panel not in "TEST" 
6 Reset switch on scaler in wrong position 

Table 23. Identification Codes for Mass Spectrometers 

MCH Description 

1 Three-stage mass spectrometer 
2 Two-stage mass spectrometer in Referee Laboratory 
3 Single-stage mass spectrometer 

_4 Two-stage mass spectrometer in alpha Laboratory 

The calling form for MSDSW is CALL MSDSW (IRTRN, MCH). 
MSRUN1 is the entry point called when data are to be collected. 

The calling form is CALL MSRUN1 (NSF, IUPU, NCYC, NRUN, LINS, IDATA, 
ISR, IRTRN). The variables are defined in Table 24. 
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Table 24. Arguments used in MSRUN1 

Argument Definition 

NSF(16) Sweep factors 
IUPU Bank of subgroups on sweep control panel. = 0 for 

bank 1 (U); = 1 for bank 2 (Pu), = - 1 for more 
than eight subgroups 

NCYC Number of scans comprising one run 
NRUN Current run number 
LINS - 0 (not used) 
IDATA (2,512) Channel data with two Integer words per channel 
ISR Index denoting sweep rate 
IRTRN Sweep control panel status code 

MSRUN1 returns control to MSOP after each run. MSOP converts the 
integer channel data array to a real array and stores i t on the disk. 
The conversion formula 1s: 

DATA = IDATA(2) x 32768. + IDATA(l) 

A recent modification to the sweep control panel and its software 
causes the spectrum to be swept up and down in mass on alternate 
sweeps. This has the effect of distributing data collection on al l 
isotopes symmetrically with respect to time and hence reducing inaccu-
racies due to beam instabi l i t ies (signal decay or growth). 

8.12 NDAY 

This is a function subprogram that calculates the number of days 
between two dates. I ts calling form is 

IDAY = NDAY (JDAT, IDAT) 

where JDAT and IDAT are arrays holding the two dates in month-day-year 
sequence. 
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8.13 OUTLOO 

This subroutine has two functions: i t Identifies the record num-
ber in OUT for a given sample; or i t enters a new sample name in BKOUT. 
The calling form 1s CALL OUTLOO (LSAM, NR, INDX), where LSAM is the 
sample code in question (dimensioned (3 ) ) , NR is the appropriate record 
number in OUT, and INDX has a value of 1 to search BKOUT for a sample 
or 2 to enter a new sample code in BKOUT. 

A warning is in order. This subroutine is designed to reduce the 
amount of time required to locate sample data in OUT. To do th is , al l 
sample names are stored sequentially in BKOUT and read in three disk 
READ statements. This requires a variable (KJSAM) to be dimensioned 
3000. Subroutines C4 and C6, where OUTLOO would logically be called, 
are too large to accommodate an array of such size in core. Hence, all 
OUTLOO calls are in C2, a much smaller subroutine, and numbers for OUT 
record identification are carried in COMMON for the current sample and 
for spike, resin bead, and blank companions. BKOUT is updated in C2 
for the same reason. OUTLOO is not in the LIB l ibrary; i t must be 
specified explicit ly in the LINK sequence. 

The subroutine reads all names in sets of 1000 from BKOUT and 
branches according to the value of INDX. For INDX = 1, i t searches the 
names in BKOUT for a match with LSAM. I f a match is found, i t returns 
as NR the value of the corresponding record in OUT. I f no match is 
found, 0 (zero) is returned for NR. For INDX = 2, LSAM is written in 
BKOUT at a position derived from NR, which In this case 1s passed as 
input to OUTLOO in the argument string. This position is calculated by 
the equation: 

KJ = 3*(NR - 1) + I 

where I = 1, 3, NR is the record number in OUT, and the 3 KJ locations 
wi l l contain LSAM in BKOUT. 
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8.14 ROP 

This subroutine is called by REP (chapter 7) and results in an 
output l i s t under LOUT = 6 modified to suppress meaningless significant 
figures. The program uses the ENCODE command to allow a byte-by-byte 
search of the standard deviations. When two non-zero, non blank 
characters have been found ( I . e . , two significant figures of the stan-
dard deviation), the rest of that f ie ld is set to blanks for both the 
standard deviation and the corresponding average. Both are then listed 
in 132A1 f ie lds. 

The calling forms of the subroutine is CALL ROP (NRT, NIS, ITIT, 
AVG, AP, GP, LSAM, SDK, SDA, RHO). These variables are those listed 
on the output sheet and are ENCODED on a byte basis. 

8.15 STDEV 

STDEV calculates the standard deviation from an average and a 
single-dimensioned array of individual values. Calling form: CALL 
STDEV (n, r , a, s) where n is the number of individual values, r the 
array of values, a the average, and s the standard deviation. 

8.16 1ZER0; PROGRAM PUTZ 

This subroutine is used to calculate the isotopic composition of 
a Pu sample at some time other than when the data were taken. I t does 
this based on the half-l ives of the various Pu isotopes; other elements 
would require an expanded ha l f - l i f e table. 

The calling form is CALL 1ZER0 (OEL, NISO, AB, JDAT, IDAT, ATW, 
IDAY, ATO). In this argument string OEL must be Pu, NISO is the number 
of isotopes, AB is an array of the known abundances, IDAT is the date 
for which the composition is to be calculated, ODAT is the date at 
which the composition is known. Note that there Is no restriction as 
to which date is ear l ier . ATW is the atomic weight at the new date, 
IDAY is the number of days between IDAT and JDAT, and ATO is the number 
of atoms present at the new date. Both IDAT and JDAT are in the form 
month-day-year. 
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Subroutine NDAY (section 8.12) is called for calculation of IDAY. 
Program PUTZ 1s a main line program that allows input of AB, IDAT, 

and JDAT, and outputs the composition at the new date. 

8.17 UPOUT 

UPOUT is a subroutine to help update the OUT and BKOUT f i l e s . I t 
increments the counter in the last record of OUT and calls 0UTL00 (sec-
tion 8.13) with INDX = 2 to effect entry of new data in the two f i l e s . 

8.18 WGPCT 

This subroutine calculates atomic weight and weight percents from 
atom percents. The calling form is CALL WGPCT (NIS, APCT, XMAS, AWSAM, 
WPCT) where NIS is the number of isotopes, APCT the atom percents, XMAS 
the exact masses (from MASSAB via LOOK), AWSAM is the atomic weight, 
and WPCT the weight percents. APCT, XMAS, and WPCT are al l dimensioned 
10. 



9. COMMAND FILES 

The abi l i ty to execute command f i les is a very convenient and 
powerful feature of the PDP 11 operating system (version 3 or la ter ) . 
This allows one to enter any number of commands into a f i l e and then 
have them all executed sequentially through a single keyboard entry. 
All such f i les must have the extension .COM, and they are executed by 
entering @ followed by the name of the f i l e . For example, to execute 
command f i l e MSC.COM, enter (a MSC in response to the dot from the 
monitor. The various command f i les are summarized in Table 25. 

Table 25. Command File Summary 

Fi le Function 

MSR.COM Links program MSR 
MSC.COM Links program MSC 
FILE.COM Links program FILE 
REP.COM Links program REP 
RECMSC.COM Provides sequential execution of REC and MSC 
MSCOP.COM Copies al l relevant f i les from Disk 0 to Disk 1 

for back-up purposes 
MSFL.COM Compiles and links al l major elements of program 

MSC 
TRAN.COM Executes TRAN and R1023 in sequence on the 11/10. 

Table 26 l is ts the contents of MSC.COM as an example. 
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Table 26. MSC.COM: An example of a command f i l e 

DEL/NOQ MSC.SAV 
R LINK 
MSC = MSROOT, LIB// 
C1,C2,OUTLOO/O:l 
C3/0:1 
C4/0:l 
C5/0-.1 
C6A/0:1 
C6B/0:1 
C7,C8,SEND23/0:1// 

Command f i les MSR, MSC, FILE, and REP f i r s t delete the corresponding 
.SAV f i l e before linking. I f this f i l e has already been deleted, an 
error results and linking is not carried out. To get around this 
annoyance, a second series of command f i les was created without the 
delete statement. The names of these f i les are the same as those 
l isted previously except that they end in 1; for example, MSC1.COM 
is identical to MSC.COM except that DEL/NOQ MSC.SAV is not included in 
the former. 
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^ RETURN ^ 
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Appendix 2 
Table 27. Indices Controlling Branching in MSC 

Index Segment Value Function 

ICALC Common 0 First processing of data. Also used in 
conjunction with MIX and element symbol 
to determine value of IMIX. 

1 Data have previously been processed. 
MIX Common 0 Normal sample. 

1 Mixed U and Pu on resin bead. 
IMIX Common 1 First processing of mixed resin bead Pu data. 

2 First processing of mixed resin bead U data. 
3 Processing of corrected resin bead Pu data. 
4 Processing of corrected resin bead U data. 
5 Unmixed sample. 

ISP Common 0 Unspiked sample. 
1-20 Spiked sample; ISP = record number in SPIKE 

f i l e containing relevant data. 
ISTD Common 0 Non-standard sample. 

1-10 Standard sample. ISTD = record number of 
standard data in STAND f i l e . 

11 NBS 500 or other calibration standard. 
IMXSP C4 1 Reads OUT for resin bead companion. 

2 Reads OUT for spike companion. 
IX C5 1 Normal calculation. 

2 Dead time calculation for NBS 500 or other 
calibration standard. 

I NX C5 1 First calculation of averages. 
2 Second calculation of averages after 

deletion of outliers. 
IIX C6 1 Output f i r s t 11 ratios. 

2 Output second 11 ratios. 
11 EL C4 ~ No contaminant correction. 

non- Correction for natural contamination made on 
blank the basis of 2 isotopes. 

IBLK C6 0 No blank correction. 
1 Blank correction. 

MIS C3 — No internal standard calculations. 
non- Internal standard calculations. 
blank 
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Appendix 3 

Table 28. Structure of Files 

File Logical 
Unit Size 

Disk 
Blocks 

Calling 
Segments 

BKOUT 22 3,3000 35 OUTLOO, C2, 
OUTCH 

CHDATA 10 1141,512 2282 MSOP,C3 

DTBIAS 36 4,22 1 C2, C7, 
BIASS 

MASSAB 42 120,42 20 LOOK, C6, 
ABEX, C4 

IDA80 27 301,256 301 C7 

OUT 23 3001,260 3048 SETUP, C2, 
C4, C6, 
REP, 
OUTCH 

OUTLIS 33 Sequential 
File 

12/ 
sample 

C2, C8, 
R1023, 
MESS 

RATIO 52 150,150 88 C2, C4, 
RATS 

SAMP 11 201,160 126 MSOP, SETUP 
CI, C2, 
C7, SAMCH 

SCAN 32 100,60 24 SETUP, 
SCANS 

SPIKE 25 50,40 8 C3, C4, C6, 
SPI 

STAND 21 12,23 1 C7, STO 

SUMCTS 17 2851,40 445 C2, C33 



Table 
File Variable Dimens 

8K0UT KJSAM 3000 

CHDATA ARRAY 512 

DTBIAS TAU 1 
BIAS 4 

MASSAB JEL 1 
XMAS 10 
AB 10 

OUT IEL 1 
LSAM 3 
KSAM 3 
KLSAM 3 
IFRAT 1 
MRAT 22,2 
MASS 16 
AVG 22 
SD 22 
MSUM 16 
APCT 10 
SDA 10 
AWSAM 1 
ITIT 10 
SMWGT 1 

Contents of Files 
D e s c r i p t i o n 

Names of all samples stored in OUT. 

Raw counts per channel in each run. 

Dead time. 
Bias correction/mass for 4 mass ranges. 

Element symbol. 
Exact masses of isotopes. 
Abundances of naturally occurring isotopes. 

Element symbol. 
Unique sample identification. 
Resin bead companion. 
Spike companion. 
Record number for RATIO f i l e . 
Masses in numerators and denominators of ratios. 
Masses associated sequentially with subgroups. 
Average of ratios. 
Standard deviations of averages. 
Masses in sum I . 
Atom percents. 
Standard deviations for atom percents. 
Atomic weight. 
Descriptive t i t l e . 
Sample weight. 



Table 29 Continued 
File Variable Dimension Description 

DNWGT 1 Dilution weight. 
ALWGT 1 Aliquot weight. 
RHO 1 Density. 
GPG 1 Concentration, grams/gram. 
GPL 1 Concentration, grams/liter. 
SPIKE 1 Quantity of spike. 
ISTD 1 Identification of standard. 
IBAT 1 Batch code. 
IIEL 3 Contaminant elements. 
MCH 1 Instrument identification code. 

RATIO IEL 1 Element symbol. 
MBS 1 Mass upon which bias corrections are based. 
MRAT 22,2 Masses of numerators and denominators of ratios. 
MSUM 3,16 Masses to be used in sums. 
MDIF 3,16 Masses to be used in differences. 
MSG 1 Mass whose counts are to subtracted from all other 

masses (background position). 
MOMS 1 Mass used in denominator of ratios for atom percent 

calculations. 

SAMP ICALC 1 Flag tell ing whether or not data have been processed. 
IEL 1 Element symbol. 
LSAM 3 Unique sample identification. 
KSAM 3 Resin bead companion. 



Table 29 Continued 
Variable D i m e n s i o n Description 
KLSAM 3 Spike companion. 
ITIT 10 Descriptive t i t l e . 
SR 1 Sweep rate. 
NSG 1 Subgroup number of highest subgroup swept. 
NSF 16 Sweep factors. 
MASS 16 Masses. 
NRUN 1 Number of runs. 
NCYC 1 Number of cycles/run. 
SPAMT 1 Weight of spike. 
ICOM 10 Comments, Including temperature. 
IOATE 3 Date of analysis. 
ISTD 1 Standard identification. 
ISP 1 Spike identification. 
IFRAT 1 Ratio identification. 
NXS 1 Record in SUMCTS f i l e . 
MIX 1 Flag tel l ing whether or not sample was run from resin 

bead. 
SMWGT 1 Sample weight. 
DNWGT 1 Dilution weight. 
ALWGT 1 Aliquot weight. 
RHO 1 Density. 
IOX 1 Number of oxygens. 



Table 29 Continued 
File Variable Dimension Description 

MSO 2 Masses for numerator and denominator of spike ratio. 
NCD 1 Record in CHDATA f i l e . 
IBLK 1 Flag to indicate blank correction. 
IBAT 1 Batch code. 
ICBS 1 Record in f i l e STAND for calibration standard. 
JDAT 3 Date to which to correct Pu data. 
KBL."' 3 Code for blank companion. 
IIEL 3 Contaminant elements. 
MCH 1 Instrument identification code. 
IPASS 1 Calculational pass number 
NFR 1 First run to be processed. 

SCAN JEL 1 Element symbol. 
NSG 1 Number of highest subgroup to be used. 
NCYC 1 Number of cycles/run. 
MASS 16 Masses. 
NSF 16 Sweep factors. 
LRAT 3,2 Ratios to display during analysis. 

SPIKE IEL 1 Element symbol. 
MSO 2 Masses of numerator and denominator to be used in 

calculation of total . 
MIS 2 Masses in ratio to be used for internal standard 

calculations. 
MASS 8 Masses. 



Table 29 Continued 
File Variable Dimension Description 

AB 8 Abundances. 
AWSP 1 Atomic weight. 
LABEL 20 Spike description. 

STAND IEL 1 Element symbol. 
MSO 2 Masses of numerator and denominator of calibration 

ratio. 
AB 10 Abundances or, for record 11, values of calibration 

ratio. 
LABEL 3 Description of standard. 
MASS 8 Masses of isotopes. 
MBRAT 2 Masses of ratio to be used in bias correction 

calculation. 
MTRAT 2 Masses of ratio to be used in dead time calcuation. 

SUMCTS IEL 1 Element symbol. 
LSAM 3 Sample code. 
ISMCH 1 Number of channels summed. 
RCTS 16 Raw counts/SG. 


