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DIGITAL RECORDING AND ANALYSIS OF MASS SPECTRA

I. INTRODUCTION

Many analytical instruments used in chemistry record data by
means of an analog device such as the strip chart recorder. The
analog records must then be interpreted by a person to obtain usable
data. This procedure can introduce human error and bias into the
data. This source of error could be eliminated by obtaining a digital
record of the data from the instrument in question. This record can
be analyzed with the aid of a digital computer. Digital processing of
analytical records can produce more reliable data with savings of time
and effort. An additional advantage of digital recording and process-
ing is possible improved sensitivity as a result of enhanced signal to
noise ratios produced by digital filtering. The only bias introduced
with this method is that of the programmer.

A way to digitally record and reduce mass spectra is discussed
in this thesis. The computer program *MASSPEC was developed for
the processing of rare-gas mass spectra. *MASSPEC was designed
for argon isotopic analyses used in potassium-argon dating, but it can
be applied to any mass spectrometer data, and possibly to other types
of spectral analysis. *MASSPEC was programmed, using the FOR -
TRAN and COMPASS programming languages, on a CDC-3300 digital

computer under the OS-3 timesharing system.
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Fritts and Peattie (1956) made an early step toward automation
in collection of digital data. Their procedure uses a manually set
wire on the chart recorder at the top of each peak. Closing a switch
prints the digitized peak heights on prepared calculations. Three
automated data collection systems were discussed by Dudenbostel and
Klaas (1959) which again only recorded selected points of the spec-
trum.Thomason (1963) described a solid state digitizing system using
computer circuitry. Weichert et al. (1967) devised a method for digi-
tal recording of mass spectra and for their reduction by an IBM 7040
digital computer.

Chapter II discusses the digital recording system, the methods
of recording data, and the calculations to be performed. Chapter III
contains descriptions of the subroutines used in the program. Chap-
ter IV is a discussion of the main programs *MASSPEC and
*ASCBCD. Chapter V includes the instructions to the operator for
recording the digital data, and instructions to the user on how to run
*MASSPEC and *ASCBCD. Chapter VI contains results pertaining to
the comparison of hand calculations to machine calculations.

Two terms that are used throughout this paper are operator and
user. The operator is the person who runs the mass spectrometer
and facilitates collection of the digital data. The user is the person

who uses the program *MASSPEC to reduce the digital data.



II. RECORDING SYSTEM AND METHODS

Description of Hardware

Components for the digital recording system discussed in this
paper cost less than $5, 000, and therefore, could be used by labora-
tories with limited equipment budgets.

Figure 1 shows a block diagram of the digital recording system.
The components are listed in Table 1. The system digitizes the ana-
log output from the electrometer and provides both analog hardcopy
and computer readable paper tape output. A full scale output from
the electrometer is converted to a megahertz frequency by the digi-
tizer and subsequently counted by the counter. Without the data buf-
fer 1484A (see Figure 1) the dead time of the system during printout
would be approximately one second per output. This would result in
data taken once every two seconds. By adding the data buffer, the
minimum integrating time is one second. While the teletype is print-

ing what was in the data buffer, the next piece of data is being digitized.
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Figure 1. Block diagram of analog-digital recording system.

Table 1. Components of digital recording system,

Manufacturer Model No. Description Price
Canberra Ind. 6271 Voltage to frequency $ 750.00
converter (digitizer)
Canberra Ind. 1491 Nuclear counter 1100. 00
Canberra Ind. 1484A Data buffer 500. 00
Canberra Ind. 1488 Teletype data scanner 850. 00
Teletype Corp. 33ASR Teletype 1050. 00
Canberra Ind. 1400 AEC Bin/power supply! 575. 00
Canberra Ind. 3 width blank power 20. 00
TOTAL $4895. 00

1,2

supportive hardware.

These components do not appear in Figure 1 since they are



Methods of Recording and Calculations

The method for acquiring the data for a typical argon run is
discussed here. The operator scans back and forth over masses 40,
38, and 36 while the chart recorder records the peaks as they occur.
Simultaneously the digital data is recorded on paper tape. The instruc-
tions for doing this are given in Chapter V. The operator must change
scales on the vibrating reed electrometer to keep all of the peaks on
the chart. One complete sequence of peaks is shown in Figure 2.

The vibrating reed electrometer has several scales, each ex-
pressed in terms of voltage. The precision of these scales with re-
spect to each other must be checked periodically. Scale correction
factors can thus be measured and inserted in *MASSPEC for the iso-
topic ratio calculations.

The peak heights must be measured from the chart in order to
compute the isotopic ratios. The usual method of determining peak
heights is illustrated in Figure 2. Straight lines are drawn to connect
the baselines of the two mass 40 peaks. This is also done with the
mass 38 peaks. In Figure 2 it happens that the mass 40 and mass 38
peaks have the same baseline. Now the tops of the mass 40 peaks are
connected by straight lines (see Figure 2) as are the mass 38 peaks.

A horizontal line is drawn through the top of each mass 36 peak at the

estimated summit (the noise must be averaged). These are points ¢
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and c' in Figure 2. A vertical line is now drawn through the mass 36
peaks at the points in time where the summit values were picked. The
interpolated heights of the mass 40 and mass 38 peaks must be mea-
sured at these vertical lines before calculation of ratios. For example
the heights of mass 40 and mass 38 at 10. 4 minutes (Figure 2) would
be ra and rb, respectively. The corresponding values at 11. 3 min-
utes would be r'a' and r'b'. The heights of mass 36 peaks are mea-~
sured as sc and s'c'.

We now have the necessary values to calculate the ratios (in this
case Ar4O/Ar38 and Ar38/Ar36) at 10, 4 minutes and 11, 3 minutes.

These ratios are shdwn in Table 2.

Table 2. Isotopic ratios calculated for Figure 2.

Time

(minutes) Ar40/A138 Ar38/ar36
10. 4 ra/rb rb/sc
11.3 r'a'/r'b’ r'b'/s'c!

The ratios in Table 2 are for just one sequence of peaks. There
are usually three or four more sets of ratios calculated for one run.

Once all of the ratios have been recorded, they must be plotted
against time and extrapolated to time zero. This is necessary to cor-
rect for machine ""memory' caused by residual gas from the previous
sample. Time zero is the point in time when the sample was first let

into the mass spectrometer. The extrapolated values of the ratios



Ar40/Ar38 and Ar38/Ar36 are used in the age calculations.
#*MASSPEC calculates the final extrapolated ratios but uses a
slightly different method. First, all of the peak heights are deter-~
mined and stored with their corresponding time values. Then (see
Figure 3) the mass 38 peaks are fit to a power series polynomial in
time. Ratios are computed using interpolated values for mass 38.

36

Instead of calculating both the Ar30/Ar38 and Ar38/Ar°° ratios at one

value of time, *MASSPEC will compute the individual ratios at the
time when each peak occurred. For example (see Figure 3) Ar40/Ar38
is computed at 1:401, t4:02, t4:03, and t404 while Ar38/Ar36 is computed

at t361, t3g 1:363, and t364. The ratios are linearly extrapolated to

2,

time zero as was done manually.
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Interpolation criterion used by *MASSPEC for calculating
isotopic ratios. In this case the peaks of mass 38 are fitted
to a power series polynomial. The interpolated mass 38

peak values are then used to compute isotopic ratios at the
mass 40 and mass 36 peaks.
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III. SUBROUTINES

CANCEL

This COMPASS subroutine scans an 80 character line of data
and checks for cancellation characters. The cancellation character,
or backup character, is the backslash \. The subroutine corrects
the line by deleting the character immediately preceding the back-
slash. An example of a line before and after correction is:

Before: ABCC\ DEEFG \ \\ FG

After: ABCDEFG

A correction method similar to this is used by some systems
programs. Since a subroutine was not readily available, CANCEL
was written specifically for use in *MASSPEC., This subroutine is
useful while typing in identifiers and comments.

The same subroutine can be used to detect the operator error
code. The operator error code consists of two or more consecutive
colons typed by the operator. The subroutine will scan a corrected
line (from above) and if the proper sequence of colons occurs, the
error flag is set to 1. If no error, the flag is set to 0. The FORTRAN
calling sequence is:

CALL CANCEL(LINE, IFLAG)
where LINE is a 20 word array and FLAG is the error flag. If the

second parameter is omitted, the error code is not searched for.
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COMPRESS

COMPRESS is a COMPASS subroutine which takes a two word
variable and eliminates all the blanks from within the variable. The
variable is returned with the characters left-justified and blank fill to
the right, As used in *MASSPEC an example is the peak identifier
as entered by the operator or by the user.

A 40 is returned as A40

NE 20 is returned as NE20

This facilitates recognition by the program of the identifiers

during execution of the program,

MISBIP

MISBJP is a utility subroutine, written in COMPASS by the
author, to utilize the capabilities of the operating system. The calls
to the subroutine are:

1: CALL MISET

2: CALL SBJP

The first call sets the manual interrupt flag for the OS-3 user.
This is used to reenter the program if a mistake is made or if for any
reason the user gets into control mode and wants to return to the pro-
gram. It is cheaper to reenter the program by typing MI than by

starting over. MI is an OS-3 control mode instruction,
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The second call to this subroutine returns the user to system
control mode when execution of the program is complete. This elim-
inates the END OF FORTRAN EXECUTION normally supplied by the

FORTRAN run time subroutines,

PARA

PARA is a COMPASS subroutine which serves two purposes.

1. It processes a parameter when starting the program. The only
legal parameter must begin with a C. (e.g., #*MASSPEC, C or
#+*MASSPEC, CONSTANT). The C parameter indicates that the
user wants to examine or change the scale correction factors.
If no parameter is entered, the program functions properly but
does not ask the user about the stored constants.,

2. It equips the file (* MASS *) which contains the scale correction
factors.

The calling sequence for PARA is:
CALL PARA(L)
where L is set to
0 if no parameter
1 if a parameter
-1 if (* MASS *) does not exist.

The error messages produced by PARA are:



13
1. ILLEGAL PARAMETER.
The parameter does not begin with C.
2. CONSTANT FILE HAS BEEN DELETED.
The file does not exist. It must be recreated for use in the
future.
3. CONSTANT FILE IS BUSY NOW, TRY AGAIN SOON,
The file is presently equipped by another user. This is usually
just temporary. |
4. CONSTANT FILE IS PROTECTED.
The file is protected meaning that it cannot be written on. It is
now a read-only file. Protection should be removed before the

constants can be changed.
READATA

READATA is the COMPASS subroutine that performs the chore
of reading in the data for each peak. It reads data for one peak at a
time, checking format and checking for error conditions.

READATA has two parameters, LUN and ANAME., ANAME is
a two word variable which contains the correct peak identifier for the
current peak being read in. LUN serves two purposes: (a) to signify
the logical unit number the data is on, and (b) if any errors are detec-
ted, to return a special code to the calling program. The error codes

are:
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-1: End of file or end of data on data input unit.

-2: Peak identifier error.

-3: Operator error sensed.

READATA calls the FORTRAN subroutine READCARD which
reads a 20 word line from the data unit. READCARD will read data
that has been compressed by COSY (15).

If an end of file or end of data is sensed upon reading the data,
-1 is stored in LUN and the routine will exit. If a blank line is read
it is ignored and another line is read. After the line is read in it is
scanned by CANCEL to correct cancellations and detect the operator
error code. If the operator error code is present, -3 is stored in
LUN and the subroutine exits.

Now if the line contains less than five words, the peak identifier
code must be checked for. If more than five words were read, the
numbers are converted to internal binary with DECBIN. If a number
does not have six digits it is considered invalid and rejected. Once
all of the numbers on this line have been converted, the routine goes
on to read another line.

If the first two words of a line contain only numeric characters,
no peak identifier is assumed and the line is converted as just men-
tioned. If not numeric and one peak identifier has been read already,
this indicates the beginning of another peak and the routine exits. If

a ''/" exists in the identifier, this indicates a scale factor is present.



15
If the format of the scale factor is present (V or MV) the number is
stored in the SCALE position in COMMON. V is converted to 0 or MV
to -3 and stored into the FACTOR positionin COMMON. If the incorrect
format is used an error message is printed and 0 is stored in both
SCALE and FACTOR. At this point the peak identifier is compared
with ANAME and if it is the same a flag is set signifying the first peak
is being read in. If the identifiers differ an error message is printed,

-2 is stored in LUN, and the routine exits.

SMOOTH

This subroutine does a five-point moving smoothing of the raw

data. The mathematical description of this process is:

(2.1)

Y: original data points

Y*: smoothed data points

C: convoluting integers

N: normalizing factor

m: such that 2 ., points are used to compute Y*

j: the running index of the ordinate data in the original set

of data
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The values of the constants from Savitzky and Golay (1964) are:

Ci2=_3
Cyp =12
Cy =17
N =35
m =2

The use of equation 2.1 is equivalent to fitting the data with a
second degree polynomial. The smoothed first derivative is computed
and used by the PEAK subroutine to determine the correct bounds on
each peak. The first derivative is generally small in regions of a
spectrum where there are no peaks.

Yule (1967) found that five-point smoothing was superior to
seven or nine-point smoothing. The latter two tend to flatten peaks
and fill in valleys thereby distorting the original spectrum. Yule's
findings were verified when various smoothing routines were tried by

the author on mass spectrometer data.
POLFIT

POLFIT is a FORTRAN subroutine to calculate the coefficients
ags @15 35, «oe @) for a least-squares fit to an array of data points

with the polynomial curve:

Y=a0+a1X+a2X2 +...+aan
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With these coefficients Y can be interpolated at new values of X. This
is especially useful in determining isotopic ratios (see Figure 3). It
is also used to determine the intercept value for a group of ratios,

Several curve fitting programs available on the OS5-3 system
were investigated, but due to lack of complete documentation they
were dropped from consideration. Bevington (1969) described a sub-
routine which fit data to a Legrendre polynomial. Using this as an
example, POLFIT was developed and written by the author to serve
the purpose of *MASSPEC.

The author adapted MATINV which is used by POLFIT to invert

a symmetric matrix and calculate its determinant, from Bevington

(op._ cit:)

STDEV

The calling program passes an array Y of n numbers to sub-
routine STDEV., Two arrays, SIGMA and MEAN, are created by
STDEV. Each element of SIGMA from SIGMA (2) through SIGMA (n-2)
is calculated as:

SIGMA(I) = standard deviation of the group of points Y(I-2)

through Y(I+2)
and each element of MEAN from MEAN(2) through MEAN(n=~2) is

calculated as:
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MEAN(I) = arithmetic mean of the group of points Y(I-2) through

Y(I+2).

An example is shown in Table 3. Here the array Y is used to
compute the arrays MEAN and SIGMA by the methods just mentioned.
Note that the first two elements and last two elements of MEAN and
SIGMA are zero since they cannot be calculated.

SIGMA is known as a five-point moving standard deviation and
MEAN as a five-point moving mean. These means and standard de-
viations are used by the PEAK subroutine to determine a value at the

summit of each peak.

PEAK

This subroutine is the so-called ""heart' of the program as it
detects the bounds of the peaks and determines a value for each peak,

Array DY contains the smoothed first derivative from SMOOTH
in the form of tangents. SLOPE is the tangent of the legal threshold
angle. CHANUP is the minimum number of points allowed for an
acceptable uphill slope. TOPMAX is the maximum number of points
allowed on the top of a peak. CHANDOWN is the minimum number of

points allowed for an acceptable downhill slope.
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The Searching Algorithm

This algorithm is similar to one used by Corliss (1969).

START position:

Look at successive derivatives until one is found that is greater
than SLOPE. The index of this point is saved in LEFT., This is
assumed to be the start of the uphill scan,

UP position:

Now look for the top of the peak by sensing a change in DY from
exceeding SLOPE to less than SLOPE. If this happens before CHANUP
this peak is assumed to be a false peak and the search must be re-
turned to the START position.

T OP position:

When the top is found, a search is made for a negative derivative
with absolute value greater than SLOPE. If such a derivative is not
found before TOPMAX is reached, the search must be re-initialized
since this top may have been an elevated baseline. If, while searching
for the downhill slope, an uphill slope is encountered and TOPMAX is
exceeded, the pointer is reset and the uphill slope is scanned in the
START position.

DOWN position:

When a legal downhill scan is found, the right tail is detected by

finding a change in |DY] from greater than to less than SLOPE.
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The index of this point is saved in RIGHT. If this occurs before
CHANDOWN the pointer is set back to the TOP position and the search
continued. If a peak is not found before the data is exhausted, an
error is flagged and control is returned to the calling program.

Once the right tail is verified, no more of the current data is
looked at. If the operator neglects to enter a peak identifier, two
peaks will appear in one set of data. Only the first one would be de-
tected by the program. It is imperative that a peak identifier be
placed before each peak to be read. This method would not be practi-
cal for data from a fast-scanning mass spectrometer like that used by
Hites and Biemann (1967). Their spectrometer scans from mass 20
through mass 500 in onetothree seconds. It would be impossible for
the operator to manually enter a peak identifier before each peak in
such an application.

20° has been set as the SLOPE angle after many cases were
studied. It was found that varying SLOPE has little effect on the
threshold point. The angle increases rapidly within two or three

points,

Determining the Peak Value

Now that the bounds are known, the program determines a value
for the summit of the peak, The five-point moving standard deviations

computed in subroutine STDEV are in an array called SIGMA and their
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corresponding means are in an array called MEAN.

The smallest point in the middle two thirds of the array SIGMA
is found. This minimum is at the flattest part of the peak and the index
of this minimum value is the position of the summit. Now using the
summit position as the center of five points, all points that differ by
more than one standard deviation from the mean at the summit are
eliminated. From the remaining points in this group of five a new
mean is calculated and this is used as the value at the summit.

The values for the left and right tails of the peak are taken as
MEAN(LEFT-3) and MEAN(RIGHT +3), respectively. By moving back
three points on each side, the weight due to the higher points is less-
ened. Using these values for the right and left tails of the peak, the
baseline for the peak can be determined. The baseline is not always
horizontal and may be sloping as is the case in Figure 5. To obtain
a correct value for the baseline of a peak the program must, in
essence, draw a straight line from the left tail to the right tail. The
interpolated value at the index of the summit is then used as the value
for the baseline.

Location of peaks by smoothing the data and using first deriva-
tives has been used by others (7, 12). Hites and Biemann (1967) used
smoothed values and took a maximum to determine a summit value. It
was found that this would not present a representative value in some

of the author's cases. There are some noise spikes that, if smoothed,
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would increase the summit value. Excluding these points by the sta-
tistical method mentioned gives a value nearer to the value obtained
by eye by a skilled operator. For example in Figure 4 the method of
Hites and Biemann would pick the peak summit at "a' while the sta-
tistical method of the author would pick the summit value at ''b'"., The
author's method would not be of such great importance in the case of

the fast-scan used by Hites and Biemann.

a b
)\x X
x X
X
* x
x X
X X
X X
% *
xoxx X Xx XXX XXX

Figure 4. Comparison of the method of Hites and Biemann at point
"a'" to the author's method at point '"'b''.
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Figure 5 is an example of a peak and the values picked for it by
the PEAK subroutine. Table 3 shown with the plot contains the time
(1), digital reading (Y (1)), smoothed first derivative (DIFFERENCE),
five-point moving mean (MEAN), and five-point moving standard de-
viation (SIGMA). The flags (*%% in Table 3) denote the LEFT index,
SUMMIT index, and RIGHT index. The summit value is at ''s'"' (see
Figure 5) and '"b'" is the baseline value interpolated between "a' and

e, The value for the peak height is (s-b).

DECBIN

DECBIN is a *SYSLIB3 routine that converts a BCD decimal
integer to an internal binary integer. DECBIN is used by READATA

for number conversion.

ARMYTIME

This subroutine, developed by Gemperle and Keeling (6), com-
putes the time of day (between 0000 and 2400) as it is supplied by a
millisecond clock. The time is returned to the calling program in the
format:

bbHHMMbb

where '"b'' is a blank, "H'' is an hour digit and "M'" is a minute digit.

3*SYSLIB is a library of subroutines used by the systems programming
classes at Oregon State University.
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TELIO

The TELIO function is an OS-3 conversational aid for teletypes.
This function is used in ¥*MASSPEC quite often for asking the user
questions requiring YES or NO for answers. It is also used for input
of free-formatted numerical data from the teletype. This subroutine
was developed by the O.S.U. Computer Center and is available on the
0S-3 system but documentation has not been published as yet by the

computer center,

STAT

STAT is a subroutine written by the author that computes the

arithmetic mean and standard deviation of k data points.

WRITEIO

WRITEIO combines intermediate data from two scratch files
(LUN1 and LUN2) and writes it on the line printer file (LPLUN). The
author wrote this subroutine to combine the data in this way and re-
duce the number of pages of line printer output to an acceptable num-
ber.

An array, XLINE, is filled with a line from LLUN1 and a line

from LUN2. XLINE is then written onto LPLUN. This is done until



there is no more data on LUNI1 or LUN2.

XLINE [from LUN1 [ blanks

[ from LUN2 |

12 words 8 words

12 words
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IV. THE MAIN PROGRAMS
MASSPEC

MASSPEC is the main program that calls the various subroutines
mentioned previously to help complete its task. The author designed
the program to have a minimum of response from the user and yet
tell him what he needs to know., The program is written in a conver-
sational mode for use at teletypes only. The data must be available
on an OS-3 file.

A convenient way to discuss the program is to use a list of

steps and explain each one in order.

Algorithm for MASSPEC

1. Call the PARA subroutine to equip the file containing the scale
correction factors and detect if the user wants to alter this file.

2. Initialize flags and print the greeting.

3. If PARA returned a -1, indicating the file does not exist, set
the correction factors to default values. Otherwise read the
values from the file.

4, If a "C'" parameter was entered by the user, ask the user if he
wishes to enter new scale correction factors. If he does, the
user enters the factors and after any corrections the program

writes them onto the file.



10.

11.

12.

13.
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The manual interrupt flag is set here. Ask the user if he has
started calculations for this data set. The purpose for this is to
enable the user to bypass some steps if he wishes to restart the
program.
Equip the users data file and ask for delta T. Delta T is the
time interval, in seconds, from when the operator turned on the
high voltage to when the digitizer was started on the first peak.
Read the header record from the data file and print it. If the
program was restarted by the user having typed MI, and the user
indicated he was starting over, transfer control to 12.
Ask the user if the preset peak identifiers are all right. If they
are not, goto 10.
List the preset sequence of when the peaks should occur. Ask
the user if this is all right. If they are go to 12. Otherwise go
to 11.
Ask how many peak names there are and have the user enter
them.
Have the user enter the correct sequence (one complete cycle)
in which the peaks should occur. This sequence is used in the
main loop to process the peaks in the correct order.
If an end of file has been read on the data file go to 22.

Set the peak identifier for the next peak to be read in.



14.

15.

16.

17.

18.

19.
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Call READATA to have the next peak read into memory. If an
error is noted go to 21.
Determine scale factors, if any were entered with the data. The
corrected scale factors will be substituted here for the ones
read from the data file. Increment the total time by the number
of points read in the data plus five seconds. Five seconds was
found to be an average time for the operator to stop the digitizer,
enter the next peak identifier and restart the digitizer.
Complete the five-point moving means and standard deviations
by calling STDEV.
Call SMOOTH for a set of smoothed first derivatives and convert
these to tangents for use by the PEAK subroutine.
Constants must be entered here if the program is on its first
pass or has been restarted. If not, goto 19. Have the user
enter CHANUP, TOPMAX, and CHANDOWN to be used by the
PEAK subroutine. If too many peaks were rejected before re-
starting, these constants must be changed. This is usually
caused by the operator's having scanned the peak too rapidly on
the uphill or downhill slopes. Also a peak can be rejected if the
operator has scanned the top of the peak longer than TOPMAX
counts,
Now call the PEAK subroutine to determine values for the sum-

mit and tails of the peak. If a peak was not found using the



20.

21.
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above criteria print an error message and go to 12.
DO a straight line interpolation as discussed on page 21. Now
a value for this peak can be calculated by subtracting the inter-
polated value on the baseline (at the point where the summit was
determined in step 19) from the summit value. Multiply the
value for the peak by its corresponding scale factor and store
the result in an array which has been set aside for the success-
ive peak values. If no scale factors have been entered with the
data, the program will set a scale factor of one. The time
index for the peak at the summit value is also stored, for future
use, into the same array at an index corresponding to the index
for the peak. The peakname, time, value, scale factor, and
scaled value are now printed for the user to see.
READATA is programmed to indicate the following errors if
they occur?.
(a) If an end of file has been read set the appropriate flag and

go to 15.
(b) If an operator error was noted print a message, increase

the elapsed time and go to 14.

4The author has run the program at least 50 times and in none of the
cases was there a set of data which was not handled properly by the
program without one of these error conditions being detected. This

of course does not mean that such an eventuality cannot occur.
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(c) If an identifier has occurred ask the user if he wants to
change the peak identifier. This occurs if the operator has
made a mistake in typing and the identifier has been spelled
incorrectly. The only way READATA will read the next
peak is to accept the identifier given in the data. If the user
wants to change it the program requests him to enter the
acceptable identifier. Control is transferred to 14. The
operator may have skipped a peak or scanned a peak too
many times. In this case the user can change the sequence
in which the peaks are read. Now the value for this peak
will be stored in the correct array. Go to 13.

22. Equip and label a line printer file with the header record from
the data file. Print lists of the peak values and corresponding
times on the line printer. List them on the teletype and ask the
user if he wants to omit or correct any of them. If the user
elects to omit a value, the program sets that particular value
to zero. Later the array is recreated omitting the zero values.
At this point the user may also correct any obvious mistakes

made by the operator in entering scale factors®.

5

If the user does not detect an operator error, the program is in-
capable, at this time, of making the necessary correction, This,
however, does not mean that the capability of making automatic
decisions is forever denied to the automation.



23.

24.

25.

26.

27.

28.

29.
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The data should now be in a form for calculating isotopic ratios.
The manual interrupt is set now since the data are in their final
form to compute ratios. If the program is restarted now using
MI it will not have to start at the beginning.
Ask the user which variable he wants fit by a polynomial.
Fit the variable to a polynomial of a degree the user specifies.
This is done with POLFIT. The coefficients and goodness of fit
are listed for the user. Also the mean and standard deviation
of the data are listed.
If this fit is not satisfactory, as determined by the user's re-
sponse to a question, go to 25 and calculate a higher degree
polynomial.
Ask the user if he wants ratios. If not, go to 32.
The user can enter a scale factor here to be multiplied by the
ratios he wants. This is helpful in the case that no scale fac-
tors were entered in the original data. Compute the isotopic
ratios that the user wants. Any combination of the available
data can be used. The coefficients from step 25 are used to
generate interpolated values at the new points to be used in the
ratios. The ratios are printed on both the teletype and line
printer.
To clean up the data, the user can now eliminate any ratios he

wishes.



30.

31.

32.
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Now the ratios may be fit to a polynomial just as was done pre-
viously. Usually a first degree polynomial is used as the extra-
polated ratio at time zero is of interest. The results of this fit
are also printed on the line printer. If the user does not want to
fit the ratios again go to 31. Else go to 30.
Ask the user if he wants to fit another variable. If he does, go
to 24. If not, go to 27.
Ask the user if he has more data to process, If he does, go to

5. If not, the program will terminate.

*ASCBCD

This program was written for the purpose of converting the data

tapes, coded in A.SCII6, to internal BCD code recognized by *MASS~

When the data tapes are read onto a file by the high speed paper

tape reader the OS-3 system stores the data in 62 word records.

#*ASCBCD reads each ASCII record and converts it to BCD records.

When a line feed code is sensed this indicates a new BCD record must

be started. Each ASCII record contains approximately two BCD

records.

6

ASCII is the same as USASCII (USA Standard Code for Information

Interchange).
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The teletype data scanner (see Figure 1) produces a special code
between each six digit number it sends. The original purpose for this
was to tell a special circuit to start the teletype and print the next
number. This remote starting circuit was bypassed since it was
deemed unnecessary for the teletype to be started and stopped between
each number. The special code still remains in the data and the com-
puter center routines will just convert it to an unwanted BCD charac-
ter. To alleviate this problem the author wrote *ASCBCD which will
convert all legal characters and yet pass over the special ASCII code
mentioned.

Before the high speed reader was available, one normal sized
data tape was copied onto a file from a teletype. This took about one
half hour to complete and cost about $7.50. The high speed reader

does the task much faster and at a cost of about $. 80 per tape.



35

V. IMPLEMENTATION

Instructions to the Operator

Note: Steps one through four should be done before the sample is

admitted to the spectrometer.

1. Switch the teletype to the digitizer position.
2. Turn on the paper tape punch. Make a leader by pressing the
HERE IS key once or twice.
3. Type in the header record (one line usually consisting of sample
identification). CRLF7
Any number of CRLF's may be entered when typing, as they
are ignored by the program.
If a mistake in typing is made it can be corrected by typing a

backslash for each preceding character to be corrected.

An example would be:

A-463 AER \ \ IR SAMPP\ LE
The corrected line would be:
A-463 AIR SAMPLE
4. Type the identifier for the first peak to be digitized and its
scale factor if desired. Scale factors do not have to be en-

tered unless the operator so desires. CRLF

7
CRLF: Type RETURN and then LINE FEED in that order.
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The scale factor (from the electrometer) need only be en-
tered once for each peak class. If the scale is changed during
the run the new factor must then be entered.
The format of the peak identifier is:
NAME/NUMBERSYMBOL
NAME: Any symbol starting with a non-numeric character
used to identify this peak class. It may be up to eight
characters long. Abbreviation of the element and its isotope
are usually used.
/: The / must be included if a scale factor is to be entered.
NUMBER: An integer denoting the scale factor.
SYMBOL: Only two symbols are allowed.
V for volts and MV for millivolts.
Again, if any mistakes in typing occur they can be corrected
with a backslash as mentioned previously. Some examples of
peak identifiers are:
(a) A 38
(b) NE 21/100MV
(c) A 40/100\V
The identifier in (a) signifies argon 38. The scale factor may
or may not have been set previously. The peak identifier in (b)

is neon 21 at 100 millivolts and in (c) is argon 40 at 10 volts.
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5. When the scan is on the baseline of the desired peak, start the
digitizer. The digitized values will now be punched on the paper
tape.

6. Upon completion of this peak, press STOP and press RESET on
the digitizer. CRLF

7. If the run is not complete, type the next peak identifier and
CRLF. Then go to 5.

8. Upon completion of the run make a trailer on the paper tape by
pressing the HERE IS key.

9. Turn off the paper tape punch. The tape can now