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INTRODUCTION

?

Computef software utilizing the simple yet powerful interrupt features of
the HP 9825A" desktop computer is designed to access and reduce analog/digital
data (for light stable isotope analysis) from a conventional gas source ratio
mass spectrometer. The instrumentation for which the software has been
developed consists of the following, as illustrated in figure 1I.

(1) Nier-type 13 cm 60° sector gas source mass spectrometer, configured

for double collection of the ion beams,

(2) D.C. electrometer (EA) and vibrating reed electrometer amplifier
(VRE) placed on the larger and smaller intensity signals
respectively,

(3) Matched Kelvin-Varley decade voltage dividers (10 kohm), and standard
(10 mv) strip chart recorder for conventional graphic data
collection (Nier, 1947; Nier and others, 1947; Deines, 1970;
McKinney and others, 1950),

(4) Nuclide Corp. integrating ratiometer IR-2A modified for HP 9825A
control logic and with strobed BCD output formatted to HP 9825A
interface requirements (Goodney and Kroopnick, 1978, discuss
aspects of the integration method of analysis),

(5) Hewlett Packard 9825A desktop computer, with 24 kbytes of R/W memory,
Advanced Programming, String, and General/Extended I/0 ROMS,
further equipped with a BCD interface card and cable to the IR-2A,
and a RS-232C interface to the DECwriter III printer.

The program can be adapted to numerous other possible instrument configura-
tions. Though written in HPL for the HP 9825A, individuals familiar with
either FORTRAN or BASIC will encounter no difficulty in translating the
language to other real-time systems.

Somewhat greater measurement precision and no "operator error" in data
reading and reduction are benefits of the digital method over the graphical
analysis. Once the initial instrumental adjustments are made, no further
operator participation is required to obtain a complete analysis. As a
result, minimal operator skill and training are required for routine
analysis., Instrumental, abundance, and working standard corrections
(Deines, 1970) are stored in the program and must be modified in software as
instrumental conditions change. A forced update in instrument calibration
(every 400 hours of instrument time) is incorporated into the program and
requires some time base, which is logged into the program at the start of each
analysis. The program is capable of directly handling analyses of hydrogen,
sulfur, and carbon isotopes, and of oxygen as (1) total oxygen (Taylor and
Epstein, 1962; Clayton and Mayeda, 1963; and Northrop and Landis, 1981), (2)
carbonate oxygen (McCrea, 1950), and (3) oxygen in water by CO, equilibration
(Craig, 1957). A sample printout of hydrogen isotope analysis is given in
figure 2.

1Any use of brand or manufacturers’ names in this report is for
descriptive purposes only and does not imply endorsement by the U.S.

Geological Survey.
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FIGURE
Sample of Computer Output for a Typical Analysis



DATA ACQUISITION

Separate raw (full output voltage) signals are connected through buffered
inputs (>10 megohm) to the modified Nuclide IR-2A integrating ratiometer from
both the DC electrometer amplifier (EA) and the Cary 401M vibrating reed
electrometer amplifier (VRE). Details of IR-2A circuit modifications should
be requested from the author., Matched voltage-to—-frequency converters, and
decade counters are used to "integrate" the signals. The EA signal (collector
signal of the larger ion beam) provides a time base, or denominator to the
isotope ratio, by the volt-second setting on the IR-2A, For example, a 25
volt EA signal counted for 30 seconds would require a 750 volt-second
setting. If the EA voltage dropped slightly, then the integration time would
be lengthened to maintain a constant 750 volt-second. The VRE signal, or
numerator while in the balance or ratio mode, is integrated over the interval
determined by the constant EA denominator. The combined decade setting and
numerator provide an analog measure of the ratio of ion currents. In standard
fashion the sample and reference gas are alternately introduced into the mass
spectrometer, repetitions of the integration are made, and the numerators
collected. Numerator data and other operational information are read from the
IR-2A to the HP 9825A using the BCD format in table 1. Standard permil
notation is used in reporting the final analytical value,

§ = 1000(Rgypn1e ~ Rreference’/Rreference

where R is the ion current (beam) ratio, and § the permil value.

In place of the IR-2A integrator/ratiometer, stock analog-to-digital
converters (A/D) could be substituted. The HP 9825A computer then reads the
A/D output and provides the same integration or an averaged sample
measurement. The computer would provide the time base for automatic switching
of the inlet into the mass spectrometer of alternately gas #1 and gas #2.
IR-2A provides this function in the present application.

DATA REDUCTION

The required programs are written in Hewlett Packard HPL language for use
on a HP 9825A microcomputer. A flow chart and program listing are provided.
But first it is important to completely understand the physical data
measurements and their mathematical relations required to compute a meaningful
stable isotope number. By making reference to the instrumentation
configuration of figure 1, the conventional graphical means of analysis will
be evaluated. This method will be conceptually adapted to digital procedures
for unassisted computer control and analysis. Examination of this later
digital method will also make use of numerical examples based upon CO,.

Conventional Method

Data collection using separate signals from the E.A. (electrometer
amplifier) representing the (44 + 45) m/e and from the V.R.E. (Cary 401M
vibrating reed electrometer) representing the (46) m/e are handled {g the
ratio measurement circuit illustrated in figure 1. ote that for §°70
analysis (COp) EA = 44 + 43 and VRE = 46; but for §°°C analysis (COZ) EA = 44
and VRE = 45, Also, for §°'S analysis (S05) EA = 64 + 65 and VRE = 66; and
for 8D analysis (HZ) EA = 2 and VRE = 3,
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A typical 18 analysis (making reference to figure 1) involves obtaining

—_ L4
Ry

for both sample gas and working lab reference standard gas, where ¢ = decade
voltage divider setting (on R4) for appropriate side, Ry and R, are resistor
values, and {; and (4 are ion currents. The current ratio is an analog
measure of the desired isotope ratio. Since Rj and Ry are fixed during an
analysis, R3/Ry = constant = a. Therefore

¢R3/R2 = a¢ and LI/le bl a¢

A raw, or uncorrected ratio, is proportional to the decade setting of the
voltage divider Regw = /g oo

e.8., ¢ is proportional to the ratio of signals. To obtain a permil analysis
one adjusts the decades for both sample and standard gas such as to "null" the
output from the VRE. For example:

Sample DECADE A = 0.2095 (Amphibole from LASL GT-2 Core)
Standard DECADE B = 0.,2127 (HIS Calcite Standard COz)
then:
Rsample = Rstandard * 103 = 5180taw

Rstandard

0.2095 = 0.2127 400 - -15.045 permil

0.2127

Note that in figure 1, , = the multiple collector (44 + 45) current to the
EA, such that with a EA éeedback resistor R, the EA voltage output becomes

Eo = -4R3e Eo 1s applied to the voltage decade divider RA (one for each gas
side #1 and #2 labeled A and B). The divider output is

(OR4) /R, * Eo = = (dRy)/Ry * 4Rg

where ¢ = the decade setting (e.g., 0.2095). If ; is the small signal ion
current arriving at the VRE and R; is the feedback resistor to the VRE, the
feedback will hold the input to the VRE very near to ground potential such
that , the feedback current is very small. Then the voltage across the ratio
resistor R, is such that E, = \4R3(¢R4)/R4. At a "null output" of the VRE
where a balance of ion currents 1s obtained by a unique decade setting ¢,
flows only through Ry.

" That is:



therefore:

: \3R2 = (R = ¢o14R3
or 1/ 4 = ¢R3/Ry

This is the important relationship between ion currents and physical settings
on the instrument circuits. Any digital method will simply digitize the
voltage output measurements for ratio calculations. This method is optimized
if one makes ¢ > 0.l1; if E, = 50 volts maximum, then R2 or | 1s selected so
that (jRy < 50 v.; R; < Ry; and noting that R; decreases the "loop gain" by a
factor of Rl/(Rl + Ry)e

In our example above, the raw or uncorrected analysis was =-15.045 permil
with respect to the machine standard. However, for this analysis the precise
"null" position was not obtained by the use of the indicated decade settings
(e.g., resolution of 4 decimal places on the decade boxes is not
sufficient). Therefore, a residual current is left at the input to the VRE
which produces a voltage at the VRE output. This signal is put on the strip
chart recorder and a trace made of sample, then of standard, then of sample,
etc., for 6 to 10 repetitions. The resulting recorder trace is illustrated in
figure 3. The difference in output between sample (1) and standard (2) can be
translated into additional precision of the analysis. First, the sensitivity
of the measurement system must be determined. That is, the permil offset per
chart division on the recorder paper must be known. For this analysis one
chart division is equal to 0.0825 permil. The offset of the standard and
sample in the actual analysis is A = ~1,2 chart divisions. Note that the
sample is a smaller signal than the standard, giving a negative offset.
Therefore, the actual offset is (-1.2) * (0.0825) = -0.099 permil, and the
more precise raw machine analysis is =~15.045 + (-0.099) = -15.144 permil.

Note that a sensitivity is determined by simply producing an artificial offset
on the strip chart recorder using the same gas and changing the decade setting
back and forth to two values to generate "X" permil apparent offset of "Y"
chart divisions. This measurement reduces to "S" permil/chart division and
should be determined routinely during operation of the mass spectrometer.

Circuit Analysis.--During the isotope analysis for the abYYe example the
EA = Ziovolts, the VRE = 30 millivolts full scale, RZIT 2 x 107" ohm and Rj =
1 x 10”7 ohm. R; (feedback resistor on VRE) = 2 x 10" ohm. By changing any
of the above parameters, a new sensitivity determination is required.

Analysis of circuit performance is as follows:

Eo = 25 v.

Eo/Ry = (4 = 25 v/(1 x 1010) = 2.5 x 1077 amp.
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The output of R, to R, is

$E, = 0.2127 * 25 = 5.318 v.
and (3 = 2.659 x 10711 amp,
if VRE = 15 mv (on 30 mv f.s.)
the VRE is measuring a new current of:

Eyge/Ry = 0-015/(2.0 x 1011) = 7.5 x 1071% amps.

and (L = 4 ® Ry/Ry + Eypp/R; = 2.66 x 10711 amps.
or (] = 3+ (g = 2.66 x 10711 amps.
Therefore: Ll/ 4 = 0.010685 = ¢ R3/R2 + R3/R1(EVRE/E°)'

Digital Integration Method

By use of the integrating ratio digital voltmeter (IR-2A) and HP 9825A
computer, a complete raw permil value can be determined without operator
participation. Slightly greater precision, no operator data reading and
interpretation error, and substantial convenience are the obvious
advantages. Calculations using digital methods without computer assistance,
however, are very long and tedious.

A "ratio" is obtained from the same EA and VRE signals discussed above.
Two voltage-to-frequency converters and separate decade counters are used.
The EA 25 volt signal is used internally to provide a time base for
integration of the VRE "residual" signal present in the balance or null
mode. The EA signal of 25 volts times the length of integration in seconds is
set on the volt-second dial of the IR-2A; e.g., 25 v. times 30 sec.
integration time is 750 volt-second setting on the dial. During this period
the VRE 0-30 volt (on 30 mv range) signal is integrated and presented as a
seven—-digit number at the output. Since the EA signal level is determining
the integration time for the VRE signal, the EA (multiple collector 44 + 45)
is considered the "denominator" and the 7-digit VRE output (46) the
"numerator." For a constant volt-gsecond setting, the numerator is actually a
ratio. The following discussion is an example of data obtained for the same
analysis of the sample discussed above. Actually, both graphic and digital
methods of data collection are conducted simultaneously. Agreement of results
confirms correct system operation.

Calibration.--Before an analysis can be performed, the "numerator" value
must be calibrated so that an integration number difference between sample and
standard gas can be related to a permil difference. This method is
accomplished in a fashion analogous to that used to calibrate the recorder
offset. In fact, both calibration sensitivities are determined concurrently
by operating both the recorder and the integrator. Either sample or standard
gas is analyzed alone while the instrument is in ratio or balance mode. A
decade position is chosen to put the VRE output at mid-scale (e.g., the
recorder trace at approximate center). Next, a second position is chosen to
produce, with the same gas, an offset of 2-4 times that normally experienced



during an analysis. Repeated integration or strip-chart readings are made at
both these decade positions "1" and "2," producing 3-6 sets of integrations
for both that at decade position "1" and at decade position "2." As an
example, the following data were generated in an actual run:
Calibration Data: performed on same gas
Decade position "1" = 0.2142
Decade position "2" = 0.2159
0: 1lst integration
1: 2nd integration
X: Average of integrations (max = 4, or 0,1,2,3)

o: Standard deviation of number of integrations

Position "1" Position "2"

0: 25.12932
1: 25.00639

X: 25.06786
o: 0.08692

Position "1" Position "2"

0: 4.12798
1: 4.11717

X: 4.12258

0: 25.16175 o: 0.00764

1: 25.32630

X:  25.24403

0.11635 0: 4.17171

1: 4.12549

X: 4.14860

0: 24.97112 o: 0.03268
1:

25.13683

X: 25.05398

o 0.11717 0: 4.13507

1: 4.17986

X: 4.15747
o: 0.03167

10



Summary:

Position Average X Difference |[A|

1 25.06786

20.94528
2 4,12258

21.12145
1 25.24403

21.09543
2 4.14860

20.90538
1 25.05398

20.89651
2 4415747

104.96405

20.99281

Average Numerator Difference

Decade Permil Offset: 7.905 permil

Decade Difference , 1000 = 0.2159-0.2142 *103

Decade Average 0.5(0.2159-0.2142)

Define Sensitivity as the integrator (numerator) digits per permil

Sensitivity = F = 20.99281 / 7.905 = 2.6556 digits/permil
Define Calibration Factor as 3Decade/3|A|

q = A Decade / (Average |A|) = 0.0017 = 0.00008098

20. 99281

For the Amphibole sample of LASL GT-2 core

F = 2.6565 q = 0.00008018
These numbers must be entered into the program on a regular basis, and must be
updated every 400 hours or as optionally requested at the beginning of program
execution.

Sample Analysis.=--With the instrument calibrated, the sample can be

analyzed. Because of the linear relationships in the circuit design, the
following equation applies:

R = p(D + qI)

11



where: R = actual ratio of ions kl/L4
P = measured, current ratio * R3/R1
D = decade setting
q = correction factor or "calibration factor"
I = "numerator" (the integrated reading)

and for small changes

’ R/p =D+ ql becomes AD + qAI =0

q = ~AD (Note that q is always positive)

AT

In order to find the raw delta (6180
or reference gas

raw) between the sample and the standard

18
1% _ . = 1000 (R; - Ry)/R,

= Dl-D2+q(Il-IZ

where D,y and Dy and I, and I refer to decade settings and average integrator
readings for standard and sample respectively. Now consider an actual sample
analysis.

Sample: Amphibole, LASL GT-2 core.
Decade A (Side 1) sample = 0.2095
Decade B (Side 2) standard = 0.2127

Sample Side 1 Standard Side 2

0: 12.82092
1: 13.36933

:  13.21047 0: 13.23754
1: 13.40822
¢ 13.13357 2:  13.92647

o: 0.28218

X: 13.52408
O: 0.35878

12



0: 13.40817
1: 12.98327
2:

13.23881 0: 13.30000

1: 13.59868

X: 13.21008 2: 13.67942
o: 0.21390

X: 13.52603
o 0.19987
0: 13.24925
1: 12.75989
2

: 12.30721 0: 13.00692
1: 13.50095
X: 12.77212 2: 13.59006
o 0.47114
X: 13.36598
o: 0.31413
- Corrected # R(sample) * +
Side - Ratio X (avg. Num.) Decade No. R(standard) 6180raw
1 Rl 13.13357 0.2105530
2 R2 13.52408 0.2137844 0.9848993 ~-15.101
1 R3 13.21008 0.2105592 0.9849135 -15.086
2 R4 13.52603 0.2137845 0.9848312 -15.169
1 RS 13.77212 0.2105241 0.9847786 -15.221
2 R6 13.36598 0.2137717
Average: 0.9848557 ~-15.144
g 0.0000627 0.063

# Define Corrected Decade No. as D, =D+q I

* To take account of drift in trace of numerator the following procedure is

used:
(a) RL +R3 _ _ | _
—— = Rpi RA/RZ =y gia,
R2
(b) R2 + R4 . _
———— = Ry Ry/R3 =g g poor 1/a =0, g,
R3
(¢) R3 +R5 .
——— = Ry5 Ry/RE = 0y s,
R4
(d) €LCoocosne
keeping in mind that R(sample) D(corrected)
== = Yx-std.
R(standard) Dz(corrected)

T(a - 1) * 103 = Glsoraw permil

13



Note that 5180raw = =15,144 permil is the same value as that obtained by the
graphical method described above.

Analysis Statistics.-—-Several statistical parameters are calculated as a
means of judging the "quality" of a particular analysis. For a given
instrumental configuration an operator with some experience is able to
recognize the condition of the machine performance and either accept or reject
a particular analysis. The following are routinely computed during and at the
end of each analysis: (a) the mean of the fractionation factor for the
sample, a; (b) the standard deviation of a; (c) coefficient of variance;

(d) the precision of the measurement; and (e) the internal precision at 95
percent confidence. These functions are defined below as they are calculated
in the programs.

Mean: o =X = IX = 0.9848557

n
a (X) X - X (x - X)2
0.9848993 0.0000436 1.90096 x 10~9
0. 9849135 0.0000578 3.34084 x 1072
0.9848312 0.0000245 6.00250 x 10~2
0. 9847786 0.0000771 5.94441 x 1072

£ 11.78646 x 10~

Standard Deviation:

o(ay = [2(X = 0%/ (a-1)11/2 = [11.78646 x 1079/3]}/2

+ 0,00006268

Coefficient of Variance: g * 100 = 0.0063644 7%

X

Internal Precision of Mean [At Approximately 90 Percent Confidence]:

20 4 100 = I.P. = % 0.0063644%
X n
note: 20, = 20 poan

n

by replacing 2 above with student’s-t precise confidence limits can
be maintained.

14



Internal Precision of Measurement (A Integrator):

o = \Ecx - X)2/(n - 1)

—

Side Average Difference(X) X-X (x - x)2
1 13.13357
2 13. 52408 0.39051 0.083136 0.006912
1 13.21008 0.31400 0.159646 0.025487
2 13.52603 0.31595 0.157696 0.024868
1 12.77212 0.75391 0.280264 0.078548
2 13.36598 0.59386 0.120214 0.014451

X = 0.473646 £ = 0.150266
= [0.150266/411/2/(511/2 = 4 0.08668

Precision (permil):

0/F permil = 0.08668/2.6565 = + 0.03263 permil

Statistical Summary of Analysis:

18 = = -15.144 permil + 0.06268 permil
Precision: = + 0.03263 permil AIR

¢

mean 0.9848557

+ 0.00006268

g
Relative Standard Deviation = + 0.00636447%
Internal Precision [90 Percent Confidence] = + 0.006367

Analytical Corrections to Raw Value

To obtain a final result from the raw permil value, several corrections
must be applied. These considerations are amply discussed in the literature
and will not be evaluated here. A brief summary is provided to indicate that
the program does make these corrections in order to calculate a final
result. The operator must input these numbers, and in the case of
instrumental corrections, periodically update the correction entries to the
program. The corrections are as follows:
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I. Instrumental (Frank, 1978; Deines, 1970)
A. Valve mixing
B. Decade match (zero enrichment)-capillary leak
C. Background
D. Tail (abundance sensitivity)

II. Abundance Correction (Craig, 1957; Hulston, 1964)

I1I. Standard Correction to SMOW, PDB, CDT, etc.
(Craig, 1957, 1961; Gonfiantini, 1977)

The general form of application of these corrections is

(Abundance) * £ (Instrumental) * Sraw = amachine = Gx—WS

+ 1073 x5

and Sx-rs = Sx-ws * Sys-rs x-Ws * Sws-rs

where X = sample
RS = reference (reporting) standard
WS = working (machine) standard

Instrumental corrections are of two basic categories. The first set of
corrections results from the use of pairs of instrumental componeunts that do
not perform identically for both sides of the inlet for standard and sample
gas. These include valve mixing, decade pairs, capillary pair leaks, and side
#1 and side #2 inlet vacuum chambers. The second set of instrumental
corrections is the result of extraneous ion currents in the source, collector,
and flight tube of the mass spectrometer. These factors include the major
peak tail dispersion and the background corrections.

Abundance corrections are constant factors applied to the raw analysis
because the measurement of ion currents is not directly in a form related to
the rep0f§ed 2nalysis of (minor isotope)/(major isotope). That is, the
desired “°0/7°0 ratio is actually measured as m/e of 46/(44 + 45). This ratio
is corrected with the abundance correction which is based upon natural
abundance data of the isotopes in question. A standard correction is required
whenever the machine standard is different from that of the international
reporting standard.

The insertion points in the program for the various types of analysis are
clearly labeled and can be located from the program listing. The operator
must modify the various correction parameters to reflect the instrumental
conditions. :

COMPUTER PROGRAM

The program, written in HPL language exists on tape in two versions to
enable the output of data to be directed either to the internal 16 character
thermal printer, or to any RS-232C ASCII printer. The tape structure, which
allows for auto loading of appropriate files and tape maintenance, 1is
described in table 2. The complete listing of all file contents is given in
table 3. The programs implement the data acquisition and reduction described
in the previous sections. A flow chart (fig. 4) illustrates the main segments
of the program as well as identifies and defines important variable names.
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The program consists of five functionally and conceptually distinct parts
which physically are nearly separate. They are as follows: (1) Set up of
control and sample input; (2) Data collection; (3) Data reduction and
statistical evaluation; (4) Corrections to data; and (5) Calibration. For
computers having less memory, this program can be divided into separate files
and chained together for execution. In this manner the program is executed
easily in minimum HP 9825A R/W memory. Any desired modifications should be
readily accomplished using the flow chart as a reference.

17



Table 2
Program Tape Structure and

Function

File O: * Auto load program and execute with power up of computer.
* Increment counter A = B; if A > 20, reset A =1
* Load A into File 1

* If B > 20, go to end of File 10, rewind-erase tape to end, and
return. This eliminates slack tape and possible damage.

* Load File 2: Special Function Keys definitions
* Choose Printer for Output:

11 = External ASCII printer on RS-232C
Load File 5

16 = Internal 16 Character Printer of HP 9825A
Load File 3

File 1: Tape Wind Counter A
File 2: Special Function Keys
File 3: Program with I/0 Support for HP 9825A Printer
File 4: Calibration Data Arrays:
K[54,2] = Calibration Parameters
K(*)ll =F K[*,Z] =q
K$[54,12] = Date of Calibration
T$[54,8] = Machine Time of Calibration
Data are in 54 element linearized matrix

VRE Range 10 mv 30 mv 100 mv
Input Resistor 1 2 3 1 2 3 1 2 3

§34s 1 2 3 4 5 6. 7 8 9
§13c 10 11 12 13 14 15 16 17 18
5D 19 20 21 22 23 24 25 26 27
51807 28 29 30 31 32 33 34 35 36
§180~c 37 38 39 40 41 42 43 44 45
§ 180w 46 47 48 49 50 51 52 53 5S4

File 5: Program with I/0 Support to RS=232C External ASCII Printer

18



Table 3.--Tape File Structure and Program Listings

File 01 )
ﬂuto{pqéyab&itapi winds select mrinter internal CISJ'or‘exto}ﬁnl £111°

0t 1df 1»A

1: R+1+R98

2: {f R>205 148

3t recf 14A

4: if B)20ifdf 103ert 18

S: 1dk 2 :

6: ent “"lWhich printer for outsut?”sH
7t if H=1631df 3

8: if H=1iildf S

#8715

File 1:
Tare wind counter * R

File 21

Sepecial Function Kers

f8: /S(34)
f1: /CC13) -
£2: /37H

£f3: ,0C18)=T

f4:- s0¢18)-~C

£S:  /0<18)=i

f6: /ves

£?8 /no

£8: #+r36351.8#r36+32+r373dsp’Desree’ schar(31),r36,'C=?yr37,'F?

£9: #9r363i(r36=32)/1.8+r37idsp’Desree’schar(31)sr36:'Fa’,r37,°C*

£18: *#»r36ifxdr36

"f111  #cont’START?

f12t #cont’'CONST?

f13: =*cont’TAB?

£143 #(r31#1e6/(1e31n((r34+1e3>/(r35+1e3))-r32))+.5-273.16+r33i}
dsep!'Temnps? s r33

£15: #(r35+1ed)exp{r3i#1e3/(r33+273.16)12+r3221e=3)-1¢3+r34i
dse?B=?yr38y 2%,

163 #(r34+1e3)/exp(r31#1e3/7(r33+273.16)12+r32#1e=3)~1e3+r35}

' dsp’B=?, r28s°%.?

£17t ¥(r34+1e3)7(r35+1e3)+r36idspchar(4),?=?,r36

£18: #1e31n((r34+1e3)/(r35+1e3))+r36idsp?100081n’ schar(4),?=",r36

£191  #9r3331/(r33+273.16)12*1e6+r36idsp’ {/T*ychar(29),'x1816=’,r36

£208 #9r333r3372:34+r365dspr33s’ca=?»r36s’in.’

£21: 29r33512:54#%r33+r36idspr33s’in.='yr36r'cnm.’?

£22: #9r36371tr36

£23: *cont’ENT?
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Table 3.--Tape File Structure and Program Listings

Fil

e 3t

Mass Seectrometer Prosram with Output to Internal Prosram [16]

443
4353
46:
47:
483
492
Ses

"W tdim HL40 1) X[ 201, M( 401, D[40, B$(83,CS(81s DS 161:F»Q
dim AST31,S00:81 1sRIB8BIINCBO1SSC 161, CL40,ESI8IIFSC L IsRSL3])
dim J$SL16)HSL33:EL201,G$L20 ) UL21sKLS49219K$L 545121, TSL 54,81 180321
dim LSC31ALEB 1 PSI8142011,28L52w V18]

1df 4,KL*2sK$» TS
buf “Dump"sI$»!
8762100112021
dse "MASS SPEC DATA REDUCTION PROGRAM"istm
ent "Day=-Dateles=Mon_12/27/77)":D$
ent "Standard Used:[8 characiersl”:Bs

ent “On which side is standard 9as ?“:Ejjme 4

“START":dsp "New Sample"ispc 43 {+M

beepivuait 2581ime (M+14MI D50

1*Mistp

ent "Lab Number 7?";S3%s"Sample Name";Js

Jap 2

SPC 2istp

char(i8)+Fs

ent “Which Stable Isotore RAnalysis:”,C$

FS&Cs$Cs

ent "ERs"yrd4; "YREa",rSs"IR="yré

ent “SettinsiDecade R 7" Ar"SettinstDecade B 7™+18

Jmp 2
spc 2
ent “No. Data Sets Per Sidelmin=31",r40,"Repetition No."sR

ent "[IR] Multiplier™:201)i2rd4as(R+1)+]

if I>80idsp “Array Overload”iwait S000jJime -2

ent “Mochine Time?":ES$

"ALL"1fmt 1916°%x"5fnt 23¢71¢Sr/rcibifmt 3216"="3fmt 4rscl25fmt S55cS513x:¢8
fmt 6s5x%: "STATUS"15xs/s "EACY) VYRE(mMY) IR"1/12x1f2.854%x1f3.004xsf1.0
fat 71dxscBsdxifmt B)"Std="yc8y i1S=",$1.8

fmt 99 Calibration Run”

wrt 16.13urt 16.25"Sample=",S$yJsiurt 16.3

wrt 16.4)08furt 16.5) "Time="sESjurt 16.3 :

wrt 16.69rdsrSsr6iurt 16.35fmt 6y "Sets Reps Mply“jurt 16.6

fmt 61 ixs£2,035x91¢f1.054xrf3.13wrt 16.61r43:R1201 J3wrt 16.3

wrt 16,7:Csluwrt 16.8:B$E

fmt 25 "Decade A=";{7.4s/s "Decade B=",£7.4

wrt 16.2:AsBiwrt 6.1 .

ent "Any Corrections ?":L$iif LS="yes"ispc 4isto "START"

if C$=F$L"S(34)";0+r7

if Cs=Fs$&"CC(13)"19+r?

if C$=F$8L"D"}18+r7

it CSaFs$&"0(18)=T"}279r?+r4?

if Cs=F$&"0(18)=C"136+rd73527+r?

if CS=aF$&°0C18)-H"145+r47527r7

it rS={B3r7+r6+rg

if rS5=30ir7+r6+3+r8

if rS=1080)r7+r6+6+r8

20118KEr8s 1 IFI 17201 18K r8y212Q

ValCES)-val (TS r81)+r38

#17892
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Table 3.--Tape File Strucpufe'énd Program Listings

S1: if r38>400;"ves"+A$idse "Calibration Uedate Reauired"jwait 50883imp 2
52: ent "Is this calibration ?27sA$ '
533 if AS="ves"luwrt 16.95wrt 16,1idmp 2

S4: spc 23dmp 2 ’

5%: dsp "[IR]) Multimlier to 1X Position“ists

562 if AsH"ves“limp 7

573 ent "Decade A="yrd45, “Decade B="»r46

%81 fmt 25 “Decade A=",f7.4s/s "Decade B=",§7.4

591 ent “No.Data Sets Per Sidelmins31",rdd, "Repetition No.™sR
66t ent "CIRJ Multimlier”s201132rd40%(R+1)+]

611 if 1>80idsp "Array Overload”iwait 3580081Jjmp -2
623 wrt 16.25r4S5yrd6jure 16.1

631 fmt 4r°Side”s1xs "Rep”s3xs "Num™r12xsjurt 16.4jurt 16.1
64: fmt 2:13.0:114.05 1398 °

65 fat 613x3f4.0s1xscBifmt 71c81£8.58fmt 85 "Std.Deu="y{8.5
66: fmt 9rixsc2rbrc2sfb.45¢cd

671 "ENT"i1dsp "Verify Mass Sepec Status”juait 5008
68:. dsp "When Ready) Push Start-Reset[IR1]1"

691 wtc 3132

70 “"REC":1+K;B2Ti82ri}1+5(01]

71 for J=i to I+1

723 if J=sl+tljime 10

73: buf "Dump"iif J=2jdse "

742 tfr 3s"Dume”

75t Jap rds("Dump”)=16

76: red “Dump”,G$

773 29SLJ13if GSLislla"="319SCJ]

783 val(Gs${2)91)ANLJIIGSL2:91+P3

793 val(Gs{1S:;15139RLJ]

88t if val(GS$L14y141>2850+N(J)} "Overload”+P$S

81t if GSL11s111="+";@9NLJI} "NesError”+P$

82: eto "AVG 3if SLJ~13=sS[JUlieto "RET"

83: "RET":if J=l+ljsto "CONT"

843 eto "TWO"Iif R{J1=Qjeto "ONE™

852 "ONE"twrt 16.2;SIJLHIRCILPSidme 2

86t "THC":wrt 16.65R{J1sPS

87t if RAs#"ves"iimp S

88: if R#RLJIiImpP 4

89: 1M

90: beerluwait SBiJmp (M+12M)>20

91: 1M

92: N[ JI+TST

932 if NLJD@iri+lsry )

94 eto "CONT" .

953 “AVG-:if ri=@iprt "#ss%sABORT#*xx&#"jaeto "ENT"
96: T/r1sr2i0sN

9?7: if R=0@iseto 108

98: uwrt 16.71"Avs.Num=”sr2

99: for VY={ to R+1

1082 if N[ J-V1=@iimp 2

+27786
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Table 3.--Tape File Structure and Program Listings

1812 (NCJ=V]1=-r2)12+N+N
182 next V . .
, 1831 r(N/Cri=1))Nlwrt 16.8:N
1041 if As=“yes"ijmp 2
1852 2N/FaNjwrt 16,99 °C2%59s"m "3 Ny " %.)"
186: r24CLKIIS{J=1 IPACKIiK+19K
107: wrt 16.,33;0+Ti0*>rijeto “RET®
1981 “CONT"tnext J
189: if As="yes"jig9tc "CAL"
118t {f EsijA+rl1iBIr2iimme 2
1118 {f E=2iB+riifdr2
1128 fnt 1rcllsSxr/sfiS.4ifmt 4916" 8 1fmt 25ci12
113t wrt 16.45urt 16,2, K$(r815uwrt 16.3j5urt. 16.1»"One perail=",F
1143 fmt {r1cilsSxs/1ci2rdxy/r£16.8
115 urt 16.1»"Calibration® “Factor ’af =",4Q
1163 wre 16.4
117: 9+M2N
1181 for J=t to K=2
119t abs<{CLJI=CLJI+1 DML I M+MCJ 1M
128: next J
1218 M/ (K=2)+M
1221 for J=1 to K-2
1238 N+<ML JJ=-MIT2N
1243 next J
1258 F(N/(K~=33)/P(K=2)/F+P
1261 for J=1 to K=-{
127 if ACJI=1iR+Q*CLIIIHC I dmp 2
128t if Al J1=21B+QaCLUJoHLIJ]
1291 next J .
1383 sf9 4
131t {f E=2fcf9 4
132t 1+LJIE+r1010+D
133t for J=1 to K-3
1348 Qa((CLJUI+CLJ+21)/2=-CLU+1 D)or9
1331 if fl945-r9+r9
136: cof 4
1378 C(r2=-ri+r9)*1000/HL r121+DCL ]
138 if JU=13ri0+2+ri10;0s]
139: if [=25r10+2+ri030+1
1482 [+19]
1413 DCLI+D+D3L+1L
142t next J
1431 cf9 43D/(L-1)3U
144t 9+S
1433 for J=1 to L=~}
1463 (DL JI-UD12+S9Sinext J
1471 rCS/CL=2))98
1481 sfe 4
149: if E=2jcf9 4
1502 141X
+3619 :
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Table 3.--Tape File Structure and Program Listings

1841 for J=i to K-3

1528 . SCHLJI+HL J+2 1D 7HL J+1 19XL J1

1838 {f fled4il /XLI1+X[1]

1548 cmf 4

1551 XeXLI1eXi1+io]

1563 next J

1571 X/C¢1-1)+Xig+W

1588 for J=1 to I-{

1598 (XL J1=X)12+VaY

1601 next J

1611 r(y/(1=2>392

1623 (X=1+422/rCl~-1)=(X=-1))1860+T

1632 fmt 1516”8 3fme 2)16°-"

1648 fmt 3rciirbrc3sxs/s3xsf8.69x9¢2

16581 foat 414xsby "(X~-std) 14x3/9¢c163/3cSrbrcirf9.6
166¢ fmt Ssc9ibrc1iSxs7s3xrf11.992x

1671 fat Gsclibrxsc?ixrbsdxs/r»c16s/33x5f11.99¢2
1682 fmt 7s4xrc8rdx .

169t fmt Brbrcdrxs£8.31¢c2

1708 fmt 933xsbscit9.75c2

1718 wrt 16.3+"Precision ("18s "IRY"sP» "%, "

1728 wrt 16.25wrt 16,4949 "Individual Meas.”» “Mean "12)"=",X
1738 wrt 16.5)°Std.Dev. “19"=",2

1742 wrt 16.60°2"399 "0of Mean”r4, @ 95% Confidence”™»Tr» "%, "
175t wrt 16.1

17635 wurt 16,7:Cs$

1772 wrt 16.8:18s"CR1I="yUy"%. "

1788 wrt 16,939, "37 5, "%, "

179: uwrt 16,139t0 “E"

180t “CAL"1@+L

1818 rdS2rijrd6or2

182t for J=i to K-2

1832 abs(CLJI-CLJ+1 d+L+L

1848 next J

1851 L/7(K=2)+rd48lr2=ri+r49i(ri+r2)/2+rS0

186t 1003rd49/r58+r51iabs{r48/r51)+Fiabs(rd49/r48)4Q
1878 tmt 1scilsSxs/sf16.45¢mt 4,1674°

1882 wrt 16.45urt 16.15"0One pernil="F

1891 fmt 1scliiSxr73¢c12s4xr/7f16.8

190t wrt 16.1s"Calibration”s"Factor *a’ =",Qjurt 16.4
1911 ent “Save Cal ?"yR$}if RS#"ves ijmp 3

1921 FIKIr8,113Q¥K[ r8,2)iDEIKSL r81IESHTSL r8]
1933 rcf 4H)K[#))K$,TS

1941 ent “Do vou wish analysis ?°sRS$

1953 9to "END"3if R$="ves"i" “9Asisto 24

1961 “E”:

1978 "Calibration Routines”:

1981 fmt 1,168~

199t fmt 2:79C81X1C?1 /32X F.49X1C292%r 7

29081 “INSTRUMENTARL":

230478
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Table 3.7—Tape File Structure and Program Listings

’

2911 "Statements 197-293":

2023 “#534"11.8032+r12

2031 “DLH3+Instr+Std1"31,1115+riS

2043 “(C13)+(018-T)+(018~=C)+<018~WI":

2033 "45"11.00191r18

2061 "46"11.00843+r21

207: “"STANDARDS™:

208: ."Statements 294-212":

209t if r?=9iS5.42ri{3i9to "S34"

2193 if r7=9jUsUL2131,.649r52)9t0 “Ci13"

211 if r7?s18j9r0o "D"

2123 if r47=273U-sUC11338.69ri%9i 9t "018-T"

2131 if r47=36iU»UL11328.16+ri9i9to “018-C"

214 if r47=453U2U011538.6+r19

215! "Tank CO02-raw C-0"1if r47=45j-36.52+r25;-25. 89r24l§to “018-W"
2161 "S34":

217t “ABUND"11,095+r1t

2181 ril#ri2%(l+ri321e=-3)2U~-ri{3+rid

219: wrt 16.2:C$» "(CDT) s*yrids"%."juwrt 16.1¢

2281 eto "END"

221: "D":

222t riSsU»ri6

223t wrt 16. 2.cs.‘<snou>- P16 "%, "Jurt 16.1

224! sro "END"

22351 "C13"187621+r22

226! if Ul 11=876215dsp “Set Mass Spec for Oxvsen“"leto 16

227t {f r30=87621j9to0 "018-W"

2281 "RBUND":1.067S5+r1?71.08337+r20

2291 ri173(1+rS5231e=3)2r182UL21-r20%#(1+rS2%ie=3)2r212UC1 J+r52+r22
230t wrt 16.2:C8s “(PDB) ="y r22y"%."jury 16.1

231t F$&"018-C"+CS ’

2323 it r23=87621i9to 'OIB-C'

2331 9te "END”

234: "018-C~187621+r23

2331 if UL21=87621idsp "Set Mass Spec for Carbon"jeto {6

236: "RBUND":11.08149r1?73.0099r20

2372 ri?72{i+r]931e=3)2r212UL1 1+r20#(1+ri9sie=3)2ri82UL21+ri9+r23 .
2381 wrt 16.2,C$s "(SMOWI=",r23s "%, "juwrt 16.1 .

2391 F$L"C(13)"+Cs

240: if r22=87621i9to “C13"

2411 9to "END"

2421 "018-T":

2431 "ABUND":1.88149r173.009r20:

244: “C-RAN"1-27.29+r22

2451 rl7!(1+rl°ilo-3)!raliutlJ#rZB*(1¢r19*10-3)ir18!r22+r19¢r23
2451 wrt 16.2:C$s "(SMOWI=",r23) "%. “jwrt 16.

247t sto "END" .

2481 "018~-W":87621+r303if UL21=87621ent "Do S0ou wish carbon analysis?”sAs$
249: if “"ves"=AS$idsp "Set Mass Seec for Carbon"i” “sAsieto 16
Zseéséf 87621ayr21i-36.52+UC21

11
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Table 3.--Tape File Structure and Program Listings

251t "ABUND":1.0014+r17}.0093r29

252t 26.35249Y(11327,08933+V021527.0933+V(31728.3281+V(41i27.5872+V(S]

253 26.35249V(61325,.8584+V[ 7 1525.6492+V(81327.08839+¥(91128,7393+V[ 18]

254t "FRACTIONATION“:1,84133r26

255t “Gm Oxy Ratio“ient "Load Pressure CcmH9)?° ) N

256: ent “C02-H20 Vessel No. 7™»C

2572 W/762UW382.054%298/(W#V{C1)+G5 1/G4G

2581 2%G2Gi . 5551/Gr27

2593 r21#UL119r31ir212r249r32i r18%r25+r,33

26081 r31/r274(r26+r27)=-r26/r27»r322r28

261t P2B#r17+r20#r33+r29

262t r29+r19+le~3%r29%-r19+r30

2631 1/r26%(r30+10008>-1080+r30

2641 wrt 16.2;C$ "(SMOW)="» r30y "%. “Tuwrt 16.1

2651 eto "END”

2661 "CONST"tent “Constant X?"sr3ls“Constant Y?"s;r32jeto “END® . .
2673 “TRB“tent “Temp=C",r33s“Mineral AL%. 1"»r34s "Mineral BL%.1"sr35isto "END
Zggsz‘END"97621¢Utllou(ZJaqto “START"

»

File 42

File containine calibration data matrix

25



Table 3.--Tape

File Structure and Program Listings

File S3

‘Mass Seectrometer Prosram with Output to External Printer [111

*Wetdin Ht403-xtza].Mt401sBt401:BSt81-C$tBJ,D$tlSJaFn
dim AS(31,S[0181 1,RLBBI,NLSB)sSSL161sCL401sESIBIFSL1IsRIC3]
dim JSU16yHSC 31 EL201,GSL 203y UC211KLS4:1215KSL 545129 TS( 54281y [$L 321
dim LS(3,ALB01sPSL8 1201 1:2$CS51ry VL1801 0$CL4 1y NSLS229 USL 791205 VE( 8]
1df 4sK[#1sKSs TS
buf “Dump”sI$s1
876213UC112UL 2]
dsp “MASS SPEC DATA REDUCTION PROGRAM“jste
ent “Day-DateessMon_12/27/77)":DS
ent “Standard Used:(8 characters]®»Bs

ent "On which side {s standard sas ?"sEjJjmp 4

“START"1dsp "New Sample”i1*Miurt 1ischar(i2)

beepiwait 2383Jme (M+1M) >S5S0

1:Miste .

ent "Lab Number ?°,S$s;"Sample Name“"sJ$

Jmp 2

fnt Lr/7s/7iurt fi.1istp

char(i18)sF¢
-ent "Which Stable lsotore Rnalysist“sC$

FsLCS$-Cs

ent “EA="; r4; "YRE=", rS; "IR=", rg

:nt ;Scttinqtnccadc AR ?°sAs "SettingtDecade B ?'nB

e

fat 1e/s/7burt 11,1

ent "No. Data Sets Per Sidelmin=3]1,r40, "Repetition No. 'R

ent "[IR] Hulttnlier s201352rd40=2(R+1)21

if 1)88idsp "Array Ouerload”jwait S500@3ime -2

ent "Machine Time?",E$ .

"ALL"Ifmt 1)95°x"ifmt 3595"="Ifmt 2;¢71cDr4x1¢16510%1c12)18%3cSs3x1c8 |
fat 6s5x “STATUS: *y 18xy "ERCY) VYRE{(my) IR"»18x:"SETS REPS MPLY"
fat 75¢c8rdxr."Standard=",2xsc8s4xsr "Siden"yf1{, BsqucS-f? 458x1¢c9r£7.4
fmt 99/530x3 "Calibration Run”

wrt 11.1Jurt 11.2:"Samples")S$sJSs DS "Time="Esiurt 11.3

wre 11.6”!“ 8124x%912,8:4%:£3.0:4%#1.0911x9f2.054%sf31.093xsf3.1
wrt 11.6sr4)rSsr6yr4@sRe 201 J5uwre 11,3

wre {i.erhBSuE! "Decade A="sAs "Decade B=",8

urt L]

ent "Any Corrtctions 2*3L83if Ls="ves"jspc 4i9to "START"

if Cs=F$L"S(34)"309r7

if Cs=Fs$&"C(13)"3193r7

if CseF$L"D/H"} 182r7

if CS$=Fst"0(18)-T"3273r7+r4?7
if Ce=FEL"0C18)-C" ‘Qﬁ*r 7l§;*r?
it CsaF$e“0Ci8)-R*}d5+rd7)274¢7

if rS=183r7+réors

if rS=305r7+ré+3+r8

if rS5=1003r?7+ré+6+r8

2L113Kl rBy 1 I9F1 17201 J8KL r8y 2 120Q

absCval(E$)-val(T$(r81>)2r38 .
if r38>400;°“ves"sAsidse "Calibration Update Reauired"jwait 508083Jmp 2
ent "Is this calibration ?"Rs

#3889
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. S13 it As=" vcs'!urt 11.9%uwrt 11.13imp 2
! 528 Jjme 2-
¢ 531 dse *LIR] Multinlicr to 1X Position"iste
: B4t if ASE"ves"limp 7
. 853 ent "Decade R=") rdS, "Decade B="sr4é
S6: ¢fmt 2» "Decade A=",$7.4+8xs “Decade B="yf7.4
571 ent "No.Data Sets Per Sidelmin=3)";rd49y "Repetition Ne.”sR
58:t ent "[IR] Multiplier™»2l11i2r40*(R+1)3]
593 if .I1)80idsp "Array Ouerlocad”luwait 508001Jmep =2
60: wrt 11.2yrd4S5srd465uwrt 11.1
61: "SIDE “3¥8$; "REP.O “sWs$l 11 "REP. 1 “slisC21]
62t "REP.2 “2W$( 315 “REP. 3 “aUsC 413" AVG. NUM. “2Us$(3]
63t * STD, DEV. “2USL61i"2 SIGMACZ.) “IHS$(71]
64¢ fmt 49/9/5e837C12
658 wrt 11.4sVS, NSL LI USL2T ) HSI3ToWNSLAIHSLISTINSLEIs USC?]
663 wrt 11.1 .
67t ftmt 99c92
68t "ENT"tdsp "Verify Mass Spec Status”juait 5000
69t .dsp "When Readys Push Start-Reset{IR1]1"
70t wtc 3+32
71t “REC"119K382T30r111+SC 013 0oH: "“2NS$
723 for J=i to0 1!
738 buf “Dumap”"lif J=m2idsep "°
74: tfr 35 "Dump”
752 if len(N$)=292lurt {1.9:N$jure 11 33 ""»N
76: Jjmp rds(“Dume”)=1§
77t red "Dump”sG$
788 2+SCJIif GSCir1l==="}19STJ]
79t val(GsL2:91)9NLJI3GS[2y91+PF
88: valdGs{15,1S1)+RCJIT -
81: if va1(58t14o141)-8394NtJ13'Oucrload'éPs
823 if GSL115111="+"5@9NLJI1} "NesError~+Ps
83t H+19H
84: "RET"i:fxd @
852 wto “TWO"Iif R{JI=03sto "ONE"
86 -0HE':szr<StJJ)*NSC1.4]50$¢N$t5;8JiPs&0$¢N$t9;ZB]!fxd (1
87 “+N$L 215611 dmp 5
88: 'TNO'tfxd 6idme RLJ]
891 * -~=  "3N$(21,3215if R{JI=1]IPSLOSINS(21,32]
998 “we==w "3N$L3354415if RLJII=2iPSLOSINS[ 33,441
91} "memcacee=e “IN$[455561Jif R[JI=3;PSUOSHNSL 45,561
92 if R38"ves“ijmep §
93: if R#RLJI1IJme 4
941 1M
95t beepiwait 583imp (M+14M)>29
96: 1M
97t N[ JI+TT
98: 1if NCJI>Biri+lort
99t 9to "CONT"3if H=R+1}eto “AVG"
188t "AYG"iif ri=08iprt “#»22sABORTH#*xxs2"jqto "ENT"

#12125
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181t O*Hifxd 6
1828 T/ri+r2i09N
; 10833 strd(r2)sNs(357,681] |
. 104 if R=@3" “*N$(69,921
185t if R=Qjeto 112
1863 for ¥=@ 1o R
1871 if NLJ-V]1=8jimp 2
1982 (NUJ=V ]I=r2)t2+N+N
199t next ¥
1183 r(N/7Cri-1))Nist r(N)+>N$( 69,801
1113 str(2N/F)INS(81,921iif ASm"yes "] “wweccccew—a “IN$[81,921]
1128, e23CIKIISTJIPACK I K+19Ki 82Tt
113¢ "CONT"tnext J
1143 wrt 11,9 NSjurt 11.37""INS
115t if As="ves"isto “CAL"
1163 if E=ljA9r1iB2r2iimp 2
1

7t if E=2iB*riiR*r2
18 fmt 1,95"%#"jwre 11,1
119: fmt 2, "Date of Last Calibration®sSxsci2jwrt {1. 2-K$tr€]
1282 fmt 2,°0One permil=":£18.715xs "Calibration factor 1q! =2%,£10.8
1213 wrt {1, Z'F’
1223 wrt 1.
1233 9MIN
1241 for J=i to K-2 .
1258 abs(CLJI=CLJ+1 1XMLJIIM+MC JIoM
1261 next J
1271 :M/7(K=-2)>4
128t for J=1 to K-2
1291 N+C(MLJI-M)T29N
130t next J
1318 T(N/(K=3))/7(K=2)/F»P
1323 for J=1 10 K-1
1337 if ﬁtJJ-l!R+Q*CtJJ+HtJJ:Jnn 2
134t if ACJI=2iB+Q*CLUIIHL D
135: next J
136: sf9 4
1372 if E=2jcfse 4
138: {9LiE»riBs0>D
139: for J=i to K=3
1408 Q#(C(CLJI+CLI+21)/72=-CLI+1 DD»r9
1412 if fledi-r9+r9
1428 caf 4
1433 (r2-ri+r9)#1000/H( r183+DCL]
144t {f J=ljrl10+2+ri10850+1
145t it I=2ir16+2+r1810+1
1463 [+1+1
1472 BCLJ+D#DSL+19L
14837 next J’
149t cfs 4:D/(L°1)+U
150: 0998
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1513
- 1328
153:
13542
158:
1563
1573
138s
159:
1603
16113
1621
1632
1643
1633
166+
1672
168t
1691
1791
1711
{1722
1731
1741
1738
1761
1773
178:
1791~
18018
181:
1828
1832
184¢
18S:
1863
187¢
188:
1893
1901
1913
192:
1932
1942
1933
1961
19713
198:
199:
2003
#9695

’

for J=1 to L-{

(D(JJ-U)?Z+$#SIncxt J

r(S7<(L=-2))+S -

sf9 4

if E=2icte 4

1213192%

for J=i to K-3

.S(HIJ]+HIJ+2])/HIJ*1J’XtJJ

i1f tlediti/XL11eRC1)

enf 4

b3Z IS SITIRCIT 3¢

next J

X/7C¢I=1)+%i 09y

for J=1 to I-{

(XL JI=X)12+V+Y

next J

r{vs7(1=-2))+2

(X-1+22/r(l-l)-(X-l))lOGGOT

fat 1:95°8"3fmt 2,95"~-" -

'Dtlto(lR) Precision Alephal X-std] Mean [ Ind.Meas, 1"oN$( 1,581

Std.Dev. - 2 Sisma of Mean “+N$£S59,921] °

tat rc92iuwrt 11.3:N$

fat 498xr 8.6 %1 "% “131x%1f9.636x1£8.615xf11.6s%2"°%
wrt 1. 4P X2 T

wrt 11.2

fat Si2x1c8rdxs "ncl%utRﬁU]l 1£10.49%"%."14xs "(Std,Dev.)=" 1 8.5 % °%,
wrt 11.5:C$:Us S

wre. 1!.1 .

9t0o "E°

“CAL" 10+ :

r4S*rijrdcor2 -

for J=1 to K-2.

cbs(CtJJ-CtJ+lJ>+L¢L

next J

L/(K-Z)*r48,r2~rxor49:(r1+r2)/20r58
1000r49/rS50+rS1iabs(rd8/rS51)+Fiabs(rds/rd8)+Q

fmt 1995 #"juwrt 11,1

fmt 23 "New Calibrationt Date"s3xsciiwrt 11.2:D8
fmt 315%) "One permil=";£10.7:5x: "Calibration factor *a’ =",{10.8
wrt 11.39FsQ3ure 11.1

ent "Save Cal ?"sR$jif Rs#"ves"iimp 3

FKlr8s 1 JIQ4KL r89 213 DS+KSL r8 15 ES2TSI r8 1]

ref 49K[21:K$» TS

ent "Do you wish analysis ?"sR$

gég “END"Jif R$="yes"}" “sfisi9to 24
“Calibration Routxncs 1

fnt 1,95"#"

fmt 2979¢Bixsc?s2%xs £9. 4:xnc2;2xn/

"INSTRUMENTAL ™!
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2812 “Statements 280-296":

2021 “#S34°:1,00832+r12

29381 “DLH3+Instr+Std1~11.4485+r1S

2048 "(C13)+(018-THX+(018-CI+(018~-W) "2

205: "45"11,802%59+r18

206 "467:1,800892+r21 ’

207t “STANDARDS"?

208: "Statements 207-215":

2098 if r7=08iS5.49ri13j9t0 "S34"

219¢ if r7=93U2UL21}1,64+r5258t0 "C13"

211t if r7=18j9t0 "D"

2128 if rd4?7=273U+U011338.6+r19j9t0 "018-T" . -

2133 if rd4?=363U»UL11528.16+ri9f9te “018-C"

2343 if r47s451Y»UL11338.6+r19

312! 'ggnk coz-correczod-ORC'!if r47=435511,7468+r24)-36. 6231¢r2539to “018=-W"
168 "S34":

217: ‘RBUND"1‘095¢r11

2183 ri1#ri2%(1+ri3%ie-3)8U~-ri3+rid

3391 wrt 11,2:C$)"CCDT) ="yri14y "%, "Juret 11,1

2281 ats “EfB®

2213 "D":

222t riS#Usrls

2238 uwrt 11.2:C$ "(SMONI="sri16s"%."juwret 11 1

224t sto “END*

225t "C13":87621+r22

2263 if UL131=87621idsp “Set Mass Sepec for Oxvsen“istoc {6

227% if r30=87621i9to "018~W"

228¢ “"ABUND"11.0867S+ri75.08337+r28

229t r!?’(x+r5211¢-3)0rxaiut2l-raait1+r52*1¢-3)*r21*ut1]+r520r22

2388 wrt 131,2:C8$ "(PDB) =", r22s"“%."juwrs 11.1

2311 _F$4"018~C"+Cs

232t if r23=87621ieto “018-C”

233: 9to ."ENL" .

234t "018-C"187621+r23

238: if UL21=87621idsp “"Set Mass Spec for Carbon ieto 16

236! "ABUND":1,0014+r17;.009+r20

237t ri7#(1+r1921e-3)#,212UC11+r20%Ci+riS8le-3)#r1828UL2]+r19+r23

2383 wrt 11.2,C$) "(SMOWI=" r23y “%."5uwrt 11.1

2398 FS&"CC13)“"+Cs

240: if r22=87621js¢to "C13°

241t 9to "END"

2423 "018~-T"¢

2431 "ABUND":1.0014+r17}.009r20¢

244: "C-RAN":-27.29+r22

2452 r17§(1+r19*10-3)*r21*Ut1]+r26*<1+r19*1c-3)*r18%r22+r19¢r23

2468 wrt 11.2:C8%s "(SMOWI="yr23) "%, "Jwrt {1.1

247t sto “END"

2488 '01s-u' 87621+r305if UL21=876215ent "Do you wish carbon analysis?”sA$

249t if “ves"=A$idseP "Set Mass Spec for Carbon™i” “*isieto 16

250t if B87621=UL213-36,.52+UL2] —

251t "ABUND":11.0814+r177,009+r20

252 26.3524+v(11127,0933+¥(21327.8933+V(31528.3281+v[ 41727, 58?2+V[53
2538 26.3%524+V(613 25,8584+ 7115 25.6492+VY(81327.0839+V(91129.7393+v(18]
254t "FRACTIONATION":1,08413»r26

255: “Gm Oxy Ratic"lent "Load Pressure (cmHe)?"sMN

2863 ent "C02-H20 Vessel No. ?"»C

2572 W/76+1582.054#298/(W*VLC1)+G31/GHG

2588 2#G+G5.5551/G»r2?

2592 (r27+r26)/r27+r31ir26/r27+r32

2608 r17#(1+ri931e-3)#r215UL11+r203C¢i+riS#1e~3)#r18+UL2]+r19+r33

2618 r31#r33-r32#r24+r30 -

262t 1/r26*(r30+10008)~-1080>r38

2633 wrt 11.2:C$y» "(SMOW)=" r38y "%, "fuwrt 11.1

2641 sto0 “END”

265! "CONST"ient "Constant X?°;r31;°Constant Y?",»r32jeto "END"

266: "TRB":tent “"Temp=C"yr33:; "Mineral RL%.1"»r34s "Mineral B[%.1"s1r3Sieto "END"
Zgggi;END'!87621*UCIJ*UIZJiqto “START" -

*
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]

INPUT:
MACHINE ES
TIME
DIMESNION,
LoAD PRINT:
CAUBRATION SET UP
DATA
PARAMETERS
DEFINE BUFFER |— ——  "“DUMP”
ANY SET UP
CORRECTIONS CAUBRATION
Ls ARRAY
INPUT: DAY-DATE DS SUBSCRIPT /8
ANALYSIS —=—| STANDARD  B8s3
USED
PARAMETERS STANDARD  E TEST DATE |¢———
SIDE OF
CALIBRATION
9 m’l
STA LAB NUMBER. SS$
INPUT: — | SAMPLE NAME Js CALIBRATION
16: SAMPLE STMT 16: AEQUIRED:
et PARAMETERS TYPE OF ANALYSIS SET
cs MULTIPLIER
T0

EAv = r4; INPUT

T RESISTOR = 8
MACHINE ——| VRE RANGE = 1§
PARAMETERS DECADE A = A
DECADE B = 8
# DATA SETS

PER SIDE = r40
REPETITION #= R
MULTIPLIER = 2[ 1]

INPUT:
SIZE OF DATA SET

31

WANT
CALIBRATE ?

1x

INPUT:
DECADE A ™= 145
DECADE B = r48

PRINT:

OUTPUT
HEADERS

VERIFY MASS
SPEC STATUS

# DATA SETS

REPETITIONS
MULTIPLIER

Figure 4.--Logic flow chart of mass spectrometer data reduction program.



INTEGRATION

WHEN READY: NUMERATOR
PUSH START — VALUE G$(29]=N[J]
RESET IR
REPETITION
#, VALUE
Gs (15,181 = R{J]
INITIALIZE
BCD INTERFACE
AND COUNTING
VARIABLES
YES | OVERLOAOD
N{J]=2
"REC"
FOR J =1 TOI >

TRANSFER #3 TO
“"DUMP”

CLEAR BUFFER
" YES | NEG ERROR

INTERUPT:
CHECX BUFFER
FiLL

IIONE"

STRING NS
s{J] R(4] PS

READ BUFFER INTO

MEMORY G$
STRING NS
R(J] PS
YES | SIDE 1:
S{J]=1
ON
SIDE 2:
s[Jd]l=2

Figure 4.--Logic flow chart of mass spectrometer data reduction program.

32



BEEP 20x
SIGNAL- MANUAL
DECADE SWITCH

SUM INTEGRATION
NUl+T=T

LOAD AVG.
NUMERATOR C{w#]
SIDE A{«]
INCR K
RESET COUNTERS

NUJI > 2 =41
COUNT ONLY INCREMENT
VALIO COUNTER
GO TO
"CONT”
IIAVG'I
PRINT :
YES :
¥ * ABORT % % »
N \f
COMPUTE GO TO "ENT”
AVERAGE NUMERATOR
COMPUTE
20

33

NO GO TO
"REC'I
YES
PRINT :
INTEGRATION
#’s, MEAN,
20=NS$

CALIBRATION
RUN

IICALI'
COMPUTE: F, q

LOAD
ARRAYS TO
TAPE
K, KS, TS

FILE 4

START

ISOTOPE GO TO
ANALYSIS STMT 24:
?
”END" "START"

Figure 4.--Logic flow chart of mass spectrometer data reduction program.



IDEII
CALCULATE FINAL

IDENTIFY
STANDARD GAS |- RESULT
SIDE WITH |
DECADE SET :
INSTRUMENTAL
CORRECTIONS
PRINT : STMTS 200-208

CALIBRATION N
EFFECT AND DATE

SET
SET:
STANDARD
FRCTORS

CALCULATE:
AIR PRECISION = P STMTS 207-215
MEAN OF= _ orp = X
STD. DEV. «= 2
20 OF MEAN =T

S34:
MPUTE -PRINT GO TO
CALCULATE: co D
RAW & =y PER MIL d»s(COT
_[STD. DEV.= § PEA MIL
PRINT:
STATISTICS
» OF
ANALYSIS
PRINT:
ET MASS SPEC. GO TO
¢ paw VALUE FOR OXYGEN: STMT. 18
AND CONTINU
\;l]‘/
WATER
GO TO OXYGEN GO TO “018-w*
co, L
?

IF
CARBONATE
ANALYSIS

YES

GO TO “018-C”

i ‘ ‘
é COMPUTE-PRINT
§® C(POB)

GO TO
IOENDIO

Figure 4.—Logic flow chart of mass spectrometer data reduction program.
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"END”"

GO TO
"START"

COMPUTE GO To
rn'm IIENDII
4D (SMOW)

GO TO
c13

018-T:
| GO TO
COMPUTE- PRINT
I'END"
40 (sMOW)
018-C
ANALYSIS 40 i(sMOW}
GO TO
STMT 16

018w
CARBON
ANALYSIS

YES

é™c "-36.52

CO, LOAD PRES =W
CO, VESSEL # = C

COMPUTE- PRINT

MOLE OXYGEN
RATIO AND
4'*0(SMOW)

GO TO
“END"

SET MASS
SPEC. FOR C

CARBON
NOT SET

GO TO
IIEND"

GO TO
STMT 18

Figure 4.-—Logic flow chart of mass .spectrometer data reduction program.
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