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ABSTRACT

Computer programs have been developed for a PDP8/e controlling a Finnigan
1015 quadrupole mass spectrometer to monitor selected ions from components
in a gas chromatographic effluent. The program is designed to monitor
only a few ions (1 to 8) to enhance the sensitivity for fhg selected ions.
Signal-to-noise levels of 10:1-30:1 have been obtained for 0.2 ng or less
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SECTION 1

CONCLUSIONS

Two computer programs have been developed for selected ion monitoring

of gas chromatographic effluent components with a Finnigan 1015 quadru-

pole mass spectrometer equipped with a System 150 data system., The programs
are designed for a PDP8/e (or PDP-8/f or PDP8/m) computer equipped with

the extended arithmetic element (EAE)., With these programs, signal-to-
noise ratios of 10:1 to 30:1 have been obtained for 0.2 ng or less of

four pesticides employing chemical ionization mass spectrometry and a
digital smoothing routine. Programs are also available with EAE

simulgtor routines for computers without EAE. These programs have

been debugged and are ready for general distribution.



SECTION II

RECOMMENDATIONS

The debugged Selected Ion Monitoring programs should be made available
to users of Finnigan quadrupole mass spectrometers equipped with System

150 data systems.



SECTION III

" INTRODUCTION

The goal of this project was’the development of a practical system for
application of "Selected Ion Monitoring'" to gas chromatographic analysis

of pesticides,

Selected Ion Monitoring (SIM) is the technique of monitoring one or only
a few ions from a mass spectrum rather than acquiring complete mass
spectra. The technique has been demonstrated magnetic deflection mass
spectrometers.(l'a) However, magnetic deflection instruments have one
serious drawback for development of this technique to its ultimate; it
is difficult to change from one mass to another quickly by changing the
magnetic field strength because of the hysteresis of magnet systems.

The LKB mass spectrometer, for example, employs a change of the acceler-
ating voltage to focus on different masses. This limits the masses that
can be monitored to a range of about 10 percent of the mass. 1If a
larger mass range is covered, there are significant differences in the

sensitivity to the various masses,

The quadrupole mass spectrometer is well suited to the peak-monitoring
technique because all that is needed to change from one mass to another
is to change the voltage on the quadrupole rods. The Finnigan mass
spectrometer in combination with a computer data system such as the
System 150 provides an ideal system for development of a Selected Ion

Monitoring mass spectrometric technique,

Chemical ionization mass spectrometry is also ideally suited to the SIM
technique, It appears that chemical ionization gives higher sensitivity

than electron impact ionization:, 1In addition, most compounds produce



fewer ions with significant intensity under chemical ionization conditions
than under electron impact ionization conditions. Thus, the simpler
spectra give less chance for ambiguous identifications with chemical

ionization mass spectrometry.



SECTION IV

The System 150 provides standard programs for data acquisition and dis-
play. These programs are ideal for gas chromatographic data; they
provide output of real-time and reconstructed gas chromatograms as well
as mass spectra plots. However, the standard programs are designed for
discrete mass spectra, If the operator elects to monitor only one ion,
an entire block of data is recorded for each point, so that a large

amount of file storage room is required.

For electronic signals with random noise, the signal-to-noise ratio in-
creases as the square root of the observation time,
S/N = kVt .

For example, consider the comparison of an ion in a standard mass spectrum

(3 sec, scan, 300 amu) with monitoring of a single peak (100 msec inte-
gration periods) for a standard mass spectrum 10 msec is spent on each
peak, but 2.3 msec is required forsettling time between masses, so 7.7
msec is the actual integration time, For the SIM technique, the inte-
gration time is 97.7 percent of the total time, Hence the expected
signal-to-noise ratio improvement is given by:

S/N = V,977x3x1000/7,7 = 19,5

The standard System 150 routines are not well suited for the SIM technique.
For disk systems, the large amount of storage space is not a major
obstacle, although only a few runs can be made before a disk will be full.
For a DECtape system however, it is a major problem., It is not unusual
for a gas chromatographic run to last 30 minutes, and for 1 sec integra-
tion times, 1800 spectra would be acquired; a DECtape will only hold at
most about 1200 spectra (1472 blocks, but about 250 are required for

system programs).



Baseline noise due to column bleed is a significant problem in gas
chromatography, particularly in programmed temperature operation. It is
usually corrected by dual column operation, bucking one against

the other (i.e. by baseline subtraction). For combined gc/ms, a single
column technique, this solution is not feasible. The System 150 programs
provide a background subtraction capability for display of individual
spectra, but have no way of suppression or subtraction of the baseline

in reconstructed gas chromatograms. Since baseline suppression is
necessary for maximum sensitivity this is a serious shortcoming of the

standard System 150 programs.

Further, the ions of interest in a gc/ms run change with the progress of
-the run, The standard System 150 programs provide the capability of
monitoring only a few ions, but monitors the same set of ions during the
entire run, Since all ions of interest must be monitored all the time,
this reduces the percentage of the time that can be spent on each, thus

reducing the theoretical signal-to-noise enhancement of the SIM technique.



SECTION V

COMPUTER PROGRAM DEVELOPMENT

This project was devoted to development and evaluation of computer
programs for implementing compound specific mass spectrometric detection
on a Finnigan mass spectrometer equipped with a System Industries

System 150 mass spectrometer control system. This report describes the
overall programs, flow charts for the overall program, and more detailed
flow charts for the individual segments. Program assembly listings are

given in the Appendices,

The programs will operate with eitter disk or tape-based systems, Of
course, the disk system provides room for more data storage. However,
two DECtapes provide ample storage for any normal run. Two programs

have been written, one for data acquisition (including on-line present-
ation of the first mass specified, using the Houston digital plotter) and
one to plot all data points to the same scale . These programs are dis-
cussed below., The programs are designed to operate on a 4K PDP8/e computer
equipped with the KESE extended arithmetic element (EAE). However, since
the EAE is not required for the System 150, versions that do not require
the EAE have been written for both programs. The non-EAE data acquisi-
tion program is not noticeably slower than the EAE version for most
applications. However, the non-EAE off-line plotting program is notice-

ably slower.

Data Acquisition Program

The program provides for monitoring from one to eight different masses.
The integration time for each mass can be specified separately to avoid
saturation for strong peaks while providing required sensitivity for weak

peaks. For improved signal-to~noise ratio on weak peaks without danger



of saturating strong peaks, a selectable number of consecutive points
for each mass can be added together and stored as a double precision
value., The value for the first specified mass is plotted to give a

real-time chromatogram.

This program is designed to be called as a USER program on System 150,
and uses standard System 150 mass-étorage read, write, and file handling
routines, standard teletype and plotter routines. These subroutines are
the property of System Industries and therefore not discussed or listed
in this report. The multiply‘and.divide rouﬁines that are based on the
EAE option are included in the program listing, but are not flow charted

or discussed.

The program consists of five basic segments:
1. 1Initializationm,

. Mass Spectrometer Scan Control,

Data Recording,

On-Line Data Presentation, and

vt P~ N
.

Keyboard'Mbnitor.

A number of smaller subroutines are used to implement input, output and
other functions. The overall flow of the program is shown in Figure 1.

The individual program segments are described in the following sections.

Initialization. The initialization phase of the program sets all initial
parameters for data acquisition., These are:
1. Calibration File Name. This program assumes the
presence of a standatd system calibration file.
2, Masses to be Monitored. From 1 to 8 can be specified,

decimal fractions permitted.



Start

Initialize system, input
masses, integration
times, run time,

file names, and title

Mass storage Control mass spectrometer lg—— Keyboard
data DI " operation ——®1 monitor

recording L

Real-time data- End
plotting

FIGURE 1. GENERAL PROGRAM FLOW CHART



3. Integration Time. The integration time is specified,
in milliseconds (max of 4096). As many integration
times can be entered as masses. However, if fewer
integration times are entered than masses, the last
time entered is used for the rest of the masses.

(A1l masses can be monitored at the same integration
time by entering only a single integration time).

4, Number of Sets of Masses, To permit rapid change of
conditions, up to three sets of masses and integration
times can be specified at the start of the run,

5. Number of Points to Scan For Each Mass. The specified
number of values for each mass are summed and entered as
a single value in the file of recorded data. This permits
the equivalent of long integration times and frequent
data sampling so that real data fluctuations are not
missed,

6., Title of Run. Room exists in the record for a des-
criptive title of up to 40 alphanumeric characters.

7. Maximum Time of the Run in Minutes. When the specified
time has elapsed, the run is terminated automatically.
However, the run can be terminated earlier if desired
by entering E(CR) on the teletype. Control-L (depress-
ing both the control key and L) aborts the runm, i.e.,
terminates it without entering the file in the system
directory.

8. Data File Name. This is the name (six characters
or less) by which the file is catalogued on the
system device.

In the initialization program, the calibration file data are packed into
the proper format to set rod voltages, and the rod voltage settings are
calculated for each set of masses entered. A linear interpolation is used

for the calculation: V. = Vi + (M,-M;) X(VZ‘Vl)/(Mz'Ml) where ¢ is the

10
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|

FIGURE 2. FLOW CHART FOR PROGRAM INITIALIZATION
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FIGURE 3. FLOW CHART FOR CALIBRATION-FILE-PACKING SUBROUTINE
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FIGURE 4. FLOW CHART OF SUBROUTINE FOR INPUTITING MASSES,
INTEGRATION TIMES, TOTAL RUN TIME AND NUMBER OF
POINTS TO SUM
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FIGURE 5. FLOW CHART FOR ROD-VOLTAGE-SETTING SUBROUTINE
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point being calculated, and 1 and 2 are the mass/voltage points bracket-
ing the point being calculated. If a mass that falls outside the range
of the calibration file is entered, an error message is given, and the

program waits for an acceptable set of masses.

A flow chart for the initialization program is given in Figure 2. Flow

charts for subroutines used during initialization are given in Figures 3-5,

Mass Spectrometer Scan Control, The mass spectrometer scan is controlled

by the computer using the normal mass spectrometer interface and controls.
However, to optimize data handling and storage, the selected masses are
monitored sequentially. The integration time for each peak must be
selected such that the integrator does not saturate in the time selected.
To avoid storing many small numbers, a number of sets of masses are
scanned and the intensities for each summed using double precision

addition.

A keyboard monitor allows the operator to change acquisition parameters
during a run. If a change is requested, a marker is inserted in the mass
storage record, and a new header block is written showing the new para-
meters before data recording is reinitiated. A flow chart for the scan

control is shown in Figure 6,

On-Line Data Presentation. The data acquisition program provides for

on-line plotting of the intensity of the first mass monitored. (Because
the plotter is relatively slow, there is not time to plot all the peaks‘
in real time without placing rather severe restrictions on the combinat-
ion of parameters for data acquisition). The first mass in the list is
the one that is plotted; however, the entries do not need to be in
increasing mass order, so any mass can be plotted in real time. A flow
chart for the on-line data p}esentation portion of the program is given

in Figure 7.

15



Get No. of points -
double it

1
Divide max
buffer length
by
2X No. of points

Negate &
stare

[

Get quotient ~
multiply by
2X No. of points

Fill buffer
with zeroes
(subroutine ZROFIL)
—) '
o/ A

[ Tum MS interface onJ

Get buffer address

[Se! Pri. buffer pointel]

Get No. of sets of
points
. |

Set buffer counter

I Get No. of points per mass]
Get buffer pointer

I Set sec. buffer poinleq

Get integration time
Add 1 sec. counter

ToE

w e

"
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FIGURE 6. (continued) FLOW CHART FOR .MASS-SPECTROMETER-SCAN ROUTINE
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On-line data
plotting routine

FIGURE

7.
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—
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output
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FLOW CHART FOR ON-LINE DATA PLOTTING ROUTINE
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The initial program version plotted data on line as discrete points.,
Data thus presented was quite noisy. To decrease the noise level, a
least-squires smoothing routine was added to the program. This
routine uses the technique of Savitzky and Golay,(s) in which smooth-
ing is obtained by multiplying successive values by a set of smoothing
factors, and dividing the sum of the products by a normalizing factor.

A flow chart for this smoothing routine is shown in Figure 8.

Data Processing and Recording. The program uses one core page to record
the title of the run and the data acquisition parameters. At the start

of the run, this page is written onto the mass storage device as a
header block., Five core pages of memory are used as a buffer for
recording data., When the buffer is full, the data are written on the
mass storage device, the buffer is filled with zeros, and data are then
entered starting over at the beginning of the buffer. A flow chart for
the data processing and recording routine is shown in Figure 9. (The
program 1s independent of the mass storage device and will work on
either disk or tape systems). The program checks to see that there is
room at the end of the buffer for an inter-buffer flag., If there is
enough room when a change of data recording parameters is signalled by
the keyboard interrupt routine, a two-word inter-buffer record mark
(7070 0000) is entered in the buffer. The buffer is then written on
the mass storage device, and a new header block is recorded to indicate
data acquisition parameters. If there is not enough room, the inter-
buffer record is started at the beginning of the next block, so that
the end-of-record flag will always be at the location for the start of
a data set, When the run is terminated, a two-word end-of-file record
mark (7171 0000) is entered in';he buffer, the buffer is written out on
the mass storage device, and the file is closed and catalogued in the

- 8ystem directory.
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Get and store
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sSet counter
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FIGURE 8, FLOW CHART FOR SMOOTHING ROUTINE
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Flow charts for these routines are shown in Figure 9 and 10,

Keyboard Monitor. A keyboard monitor allows the operator to change
parameters during data acquisition. The allowed commands are:
1. E(CR): Ena run, insert E-0-F and catalog file
2. Sn(CR): Change to set of masses n where n = 1,2, or 3
3. Nn(CR): Change number -of points to n
4, TFn(CR): Change scale factor to n
5. Tnjp,ny,---ni(CR): Change integration times to ny,0y--ng
6. Control-L: Abort, do not catalog file

A flow chart for the keyboard monitor is shown in Figure 11,

Plotting Program

Since the on-line data acquisition program can plot only one mass from
each set, an off-line program plots all data points. This program scans
the entire data file prepared by the data acquisition program and deter-
mines the proper scale factor to keep the entire plot on scale. The
minimum value is considered to be baseline and subtracted from all values
for baseline suppression., It then makes a second pass through the data
and plots each mass sequentially in the order data were acquired. Two
output options are provided to the operator. After each mass is plotted,
the prompt ''CHANGEPEN. " is printed by the teletype. 1If the operator
wishes to overlay the plots using different ink colors, he should change
the plotter pen and press the RETURN key. If he does not wish to overlay
the plots, depressing any key other than RETURN advances the plotter
chart about three inches and plot the next point. A flow chart of the

program is shown in Figure 12,
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SECTION VI

SYSTEM PERFORMANCE

This section describes system operation and presents results obtained in

this laboratory.

The SIM programs are called as USER programs on the System 150, A typical
dialogue for a SIM data acquisition follows with operator respopses under-
lined: (Each response is followed by a carriage return).

SYSTEM 150 IS ON SELECT MODE: USER

LOAD FILE: S CN

CALIBRATION FILE: CAL~-H

MASS(ES): 243,209,279,292

INTEGRA, TIME: 100

ANOTHER SET?N

NO. POINTS: 35

RUN TIME: 30

TITLE: GC-MS(CI-CH4) OF PESTICIDE MIXTURE

SCALE FACTOR: 50
DATA FILE NAME: N-1
DATA

A sample of the plotting program dialogue is given below:

SYSTEM 150 IS ON SELECT MODE: USER
LOAD FILE: SIMPLT

FILE? XN-1

CHANGE PEN  (CR)

CHANGE PEN  (CR)

CHANGE PEN  (CR)

CHANGE PEN  (CR)
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The SIM technique is especially well-suited to analysis of very small
quantities of known materials. Since the analysis is based on only a

few ions, sensitivity is gained at the expense of the specificity of a
complete mass spectrum. However, since it is generally intended for

use in gc/ms, retention times provide additional confirmation of identity.
Chemical ionization (CI) mass spectrometry is especially suitable for SIM
because it is génerally more sensitive than electron impact (EI) mass
spectrometry and because CI spectra usually show less fragmentation than
EI spectra., Accordingly, the development work on this project has been
done with CI mass gpectrometry. Four pesticides have been studied in

the evaluation of SIM.

The EI and CI (CH,) base peaks for these pesticides are tabulated below:

Pesticide M/E
EI CI
DDT 235 243
DDD 235 209
Dieldrin 79 279 (243 is 50% of 279)
Parathion 292 292

The spectra of the chlorinated pesticides show significant fragmentation
under CI conditions, but better sensitivity is obtained with CI than EI
conditions, EI and CI spectra for p,p'-DDT are shown in Figure 13,

Figure 14 shows SIM plots for CI gec/ms of the four pesticides, 0,04 ng of
DDT, 0.1 ng of parathion, 0.2 ng of dieldrin, and 0.2 ng of DDD. Signal-
to-noise levels for these chromatograms have not been determined accurately

but are approximately:

Pesticide S/N
DDT 15:1
Dieldrin 10:1
DDD 12:1
Parathion 30:1
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a -004 ng DDT b-0.2 ng Dieldrin ¢-0.2 ng DDD d-0.1 ng Parathion

FIGURE 14. SIM PLOTS FOR CI GC/MS OF PESTICIDES
Carrier Gas: Methane 30 ml/min

Column Temperature: 175-250° C @ 10° C/min

Column: 6 ft. x 2 mm glass, 3 percent '
OV-17 on Gas-Chrom. Q
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Using methane CI gc/ms the best results so far have been obtained with

Parathion and DDT. The limit of detectability for DDT is about .01 ng
10 pice grams) and about 0.002 ng (2 picograms) for Parathion. Precise
limits of detectability have not been determined for either. For elec~

tron impact gc/ms the detectability limits are higher.

Figure 15 shows a CI gc/ms SIM plot for a mixture of 1 ng eaéh of DDT,
DDD, Parathion, and Dieldrin. The real time plot of m/e 243 shows two
peaks. The first peak is for Dieldrin and is about 30 percent of the
second peak (DDT). The reconstructed plot shows the relative retention
of the four pesticides. The plot also indicates that DDD gives the

highest response and Dieldrin, the lowest.

The SIM technique has also been applied to drug analyses using methane
CI. Clarke and Foltz(6) have used the technique for analysis of morphine
using a reverse isotope technique in which d3 morphine is used as a
carrier. In a comparison study of SIM with some of the commonly used
morphine quantitation:procedures, TLC, GLC, spectrofluorimetry, radio-
immunoassay, hemaglutination, inhibition, and Auto Analyzer), SIM was
found to be at least as sensitive as the radioimmunoassay (RIA) technique
but more specific. The RIA technique will detect other opiates as well
as morphine, whereas the SIM technique is specific for morphine. Detect-
ability limits have been set at 25 ng/ml(7) for RIA. The SIM technique
detected 5 ng/ml without special atteﬁtion to the instrumentation. The

lower limit of detection was not determined, but is well below 1 ng/ml.
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209 DDD
243 DDT

- 279 Dieldrin 2
—————— 292 Parathion .
209.

| -
243 i }

Carrier Gas:Methane, 30 ml/min
Column Temperature:170-250°C,
10°C/min
Column: 4 ft. x 2 mm, glass,
2-1/2 percent DEXSIL

ﬂ243
300 on Supelcoport

279 3‘

Real Time Plot Reconstructed Plgz
FIGURE 15. SIM PLOTS OF CI GC/MS OF PESTICIDE MIXTURE, 1 ng EACH
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/EARE DEFINITION. FALE~-VT FAGE 1
SERE DEFINITION.

¢

8881 ERE=1



/SYMSCN

6362
6364
6361
6371
€372

e

7304
7305
7328
7307
7340
7244
7348

7521
7721
¢rel
7421
veal

FALE-V? FAGE 2

/SYMSCN

/

/THIS PROGRAM IS WRITTEN FOR A FDP &/E

ZCOMPUTER, FINNIGAN 1815 MASS SPECTROMETER

/AND A SYSTEM 158 INTERFACE. THE

/PROGRAM CONTROLS THE MASS SPECTROMETER

/TO FROVIDE MONITORING OF FROM 1 TO &

/PEAKS FOR SELECTABLE INTEGRATICON TIMES,

/WITH FRACTIONAL MASSES FERMITTED. FOR SYSTEMS
/WITH THE KE&-E EXTENDED ARITHMETIC ELEMENT, ERE.
/DEFININF EAE=1 DIRECTS ASSEMELY OF A FROGREAM USING
/THE EAE INSTRUCTIONS. IF EARE IS NOT DEFINED ¢ OF
/DEFINED ERE=8 ) SIMULATOR ROUTINES MWILL EBE ASSEMELED
/THRT DO NOT NEED THE ERE.

-

/WRITTEN BY:

MAYNARD B. NEHER

BATTELLE COLUMEUS

585 KING AYVENUE

COLUMBUS, OHIO 42261

€14-299-2151 EXT 1693

B e A L

/FPLIST CONTROLS LISTING OF THE S. 1. FLOTTER
/ROUTINES. IF NOT DEFINED ( OR DEFINED EQUAL

/TO ZERO > THESE ROUTINES ARE NOT LISTED. IF DEFINED
/NONZERO, THE PLOTTER ROUTINES RRE LISTED.

/
IFNDEF PLIST <FLIST=8>

/

_/DEFINITIONS FOR 15@ INTERFRCE IOTS

/

MSIC=6262 /CLEAR IER
MSI=6364 /INFUT TO IER
SKMI=6361 /SKIFP IF NOT READY FOR INPUT
SKMO=6371 /SKIF IF NOT READY FOR OUTFUT
MS0=6372 /OUTFUT OER

/

/MISCELLANEOUS DEFINITIONS

/

NLBBB1=7301 . /AC=L

NLBOBZ=7305 ’AC=E

NLBBE2=7325 FRC=3

NLO@D4=7307 CRC=4

NL??777=7240 /RC=-1
NL?P776=7244 /AC=-2
NL??75=7346

/ -

/ERE DEFINITIONS:

/

SWP=7521

MERC=7721

MERR=77841

ACMC=7421

CAM=ve21 \



SYSYMSCON

aez28

I e e B
£ O &
£ R

RN N RO

Jeoa
az06
8406
a41z
fepl
Be1z
1960
1460
1401
BEBE
8484
1zna

FALE-VT

*
Py
=

IFNDEF ERE < ERE=8@ >
IFZERD ERE <

DFIC=JMS I
DFICSH
DST=JMS 1
DSTSM
DLD=JMS 1
DLDSH
DCM=JMS 1
DCHSH
DAD=JMS I
DADSH
SAM=JMS 1
SAMSH
ASR=JMS I
ASRSH
MUY=JHS I
_ MUYSH
DYI=JNS 1
DYISH
LSE=JMS 1
LSRSH

LY

IFNZRO ERE <

DFIC=¢arz
DET=7445
DLD=7F&€5
DCHM=737D
CLAD=744Z
SAM=7457
ASR=7445
MUY=7r465
DVI=F467
LSR=7417 >

/

CSYSTEM 156 DEFIMITIONS:
’

LINE=5¢08
RAD=266

MON=48&
READ=MON+12
OFENR=MON+281
OPENW=MON+21%
WARIT=MON+468
TTYIN=MON+1060
TTYOUT=MON+10061
CLOSE=MON+286&
WRITE=MON+4
EXEC=MON+E8E6

FAGE 2-1



/SYMSCN

geaza
gaezi
aap22
Bagzz
graz4d
BBB25
gaeze
aBez27
aaoza
8801
Baezz
BRBzZ
Beax4
8a@3s
BBB26
08z?
gee40
88641
Beog42
8BB4z
08044
28845
80046
aga4y
28050
886851
peas2

1482
4684
5668
5164
51196
s1z2
5123
S51z2
5200
52868
5323
55z2
3541
5542
1éaa

824z
Bz44
8243
gz4e
@zee

V208
Y60
v4886
raag
6pao
Szp0
S3e0
Bz4e
aaaa
6806
pzee
4608
24066
2418
5508
8245
enao
Srz4
2400
ooes
S5101
824z
5116
4356
g0
3814
goas
5123
9543
3532
008b

FLOTTR=MON+1862
INFL=4608
FPL=INFL+z88
PLE=INFL+Z811
RUES=INPL+Z16
TTYT=INFL+32Z
TTPRI=INPL+225
TTYCR=INFL+zZZ
DEO=INFL+40@
DECG4=INFL+50@
GAC=INFL+32X
TRANS=INFL+732
Ri=INFL+741
TTRDI=INFL+74Z
LORD=MON+1z08
’

/STORAGE DEFINITIONS:

/

FNUM=24Z
BSET=244
NUMMAS=2435
MASS=@z246&
TIME=8266
/EBUF @
RODYLT=VZ80
FLTEUF=7368
CHASS=7400
CALSET=v>0a
REUFE®, EBUF®@
RCDEQ, DEC
RDEC4, DEC4
ROMASS, MASS
APMASL, @
RDSTOR, @
ADTIME, TIME
AINFL., INFL
AINTOF., INTOF
AINTON, INTON
ALINE., LINE
AMASSL, NUMMAS
AMFFTR, 6888
ASTCAL. SETCAHL
ANFNTS, NFNTS
AFL. FL
AFLK, FLE
APNUM,  PNUM
RRUES, RQUES
ARGCHR, RCGCHK
ASETT, @
ASTINT, STINIT
ATIME, @
ATTFPRI, TTPRI
ATTRDI, TTRDI
RTRANS. TRANS
BUFLOC, @&

FALE-Y?

/NUMEBER OF FOINTS FER MASS.

/NUMEBER OF SETS OF MASSES.

/NUMBER OF MASSES.

/MASSES TO EE MONITORED.

ZINTEGRATION TIMES.

/12685 WORD EBUFFER, STARTING CAR. éeoa.
ASETTINGS FOR MONITORED MASSES
ZSMOOTHING EBUFFER.

/FACKED CALIEBRATION FILE FOINTS -M
ZROD SETTINGS
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ey

PR RS
A R
B =g

X
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50
o
o B
R O PN

Ba105
Bai06
aEia7
86110
gal1d
aE112
Bal13
api14
BAL1S
pEl16
G117
gal2e
gaizd
paizz
palzz
palzd4
Ba125
palze
BELZ?
pOl136e
pal131
galzz
Ba133
aai34
BB135
BO13E

BAB1z7y
api4o

aaan
Rele

s B

%3

(o R o

R I I I R I o LR P o P
T R R A R R N s o SR R o

DS SRR O N 00RO D DM Ee

DUl s SV I o o o B BoUR o ot O ¢ B %

l’_-:l l.o._l

fnadd
aaaa
2% RO
Bead
BELZ
aazd
Gaee
Aaan
46068
rIE@
86412
7I@a
aoaa
aaan
BaoR
naae
Hean
paaa
2451
apaa
Bpea

.Boag

aBe6H
apen
1484
14681
680y
1866
a4a4
2512
apaw
3867

4214
4230

CBUFF.
CLOSEXN,
DIVIDI.
CIVNUM,
DSFF.,
ENDCKI,
EXECK,
FRCTOR,
FRONVI.
HORELK.
LIRSS,
LOCHAS,
LOCTIN,
MoE.,
MASCTE.
FMLEN,
MNMASS,
MNUM,
MULTI,
NMAZS,
NSET.
NTIHME.
NWORDS,
OFENRX,
OFENWMX,
P21,
FTCTE.
FNTLEN.
FLOTT,
FTELF.
READX.
ROCLOC,
RODESTT.
SETFLG,
SFARCT,
SMASS,
TADMAS,
TRETIM,
TCHCKI.
TEMF1.
THMASS,
TOTIME,
TOTSET.
TRTIME.
TTRD.
TTUWI,
WAITL.,
MAITX,
WRITEX,
WRTFIL.,
WTFLAG,
ZROFLI,

FALE-VYT

it

-

CLOSE
CIVIDE
5

SPF
ENDCHE
EXEC

5}
FRONYT
HDELOK

o

O
S M R MY

|
mn
¥y

oo

MULT

a

ESET

g
-1285
OFENE
OFPENK
31

3]

5]
FLOTS
FLTEUF
RERD
RODYLT
a

5]

5]

5]

5]

a
TCHECK
5]

(5]

5

5]

(5]
TTYIN
TTYOUT
-z2@aaa
WRIT
WRITE
NRTDAT
g
ZROFIL

ZPLOTTER COMMANDES.

AFENUF,
AFENDN,

FENUF
FENDN

]

[y
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ASYMECN
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RCREDN.

ACRLUF.

ACHTLF.
RCHTET.
ACHLCD.
ARCHLCL,
RCHRECD,
SFTEUF,
ERETF1,
ERETFEZ.

CREN
CRUF
CHTLFT
CHTRET
CHLCDN
CHLCUP
CHRCDN
FLTELF
a

£

FRALE-YT



SSYMSCN

gzapn
Bzaol
gzaez
azaes
gzead
@zeas
Razebe
azaa8v
Gzala
gzail
azaiz
azeiz
azel4d
Bze15
Bze1é
gzelv
azeze
Bzl
gzazz
gzezz
Bzaz4
B2823
pzeze
pzezvy
Bzezoe
2831
p2ox2
BzBxx
Bzaz4
Bz2exs5
82026
p2az?
a2048
aze41
gze4z
a204z
B8za44
aze45
82046
Bze4v
p2858
Bz2851
gzase
82852
826854
a2855
82856
62857
B2060
BzBel
62062
82863
82864
B2865

2aa0
rzeoe
44320
1a47
35za
4437
2206
@11
1858
3527
4457
4427
4451
8240
63
4442
3206
4582
o68a
6ase
S21¢
43511
gaoo
gzao
cBog
aobe
4522
4760
5z83
4445
4436
4771
4427
2221
aeeBz

1856

23527
4457
4427
4451
gzon
ga4do
4442
5245
4778
3527
4761
1374
2126
1850
3527
4767
4765
capz
4431

*2EHE
START.

FALE-VT FAGE X
CLA
Jns 1 ARINTOF ATURN MS IMNTERFRACE OFF
TRD ATTFRI
DCA I TTHWI ZREM TTY FOR CQUTPUT.
JMS 1 AFL APRINT “"CALIEBRATION FILE:"
TEXT1
11
TRD RTTRDI
DCA 1 TTRD JRRM TTY FOR INFUT.
JHS 1 DSEF .
JHME 1 RINFL SREAD FILE NAME
JMS I ATEANS  AMOVE FILE NAME.
RAD+46
3
JMS 1 ARUES
JMF START+&
JHS 1 OFENRX ASEARCH DIRECTORY
LINE
BUF &
JHP -5 ,
JMS I RERLC X /READR FILE
a -
2ea JWORDS TO RERLD
BUFB SSTORAGE ARERA
8 ) Z/DONE FLAG
Jmns 1 WARITH
JMns 1 ACLELUF
JMF STHRT+Z
JMs 1 RESTINT AREALD MASSES AND INTEGRATIOD
JMs 1 ANFNTS AGET NO. FOINTS FER PRSS.
JMs 1 ARNTIM AGET MAX. EUN TIME.
JMS 1 AFL APRINT “"TITLE:"
TEXTZ
3
TAD ATTRDI
DCAR I TTED ZENARELE TTY READ
JMS 1 DESFF
JHS 1 AINFL /READ TITLE
JMS 1 ATRANS
RAD
4@
JHS 1 RGQUES APRINT "227"
' \JMF‘ . _'5
JHS 1 FLTFCI /SET PLOT FRCTOR.
DCAR 1 TTED ’DISABLE TTY READ
JMs 1 ARDFIL
TAD ‘M1758
DCH TRTIME /SET RUN TIME COUNTER.
TAD ATTRDI
DCAR 1 TTRD ZENABLE TTY RERD
JMS 1 FLOTNI ZINITIALIZE FLOTTER.
JMns 1 WTDATI
10F | |
JHus 1 AINTON /ZTURN MS INTERFARCE ON.



SEYMECN FALE-YT FAGE -1

azase 472 RESCAN, JMS I DCONTI  ASET STORAGE POINTERS.

gzZBey  10za THD HELUF& ABUFFER STHRT ADLREESS.

azave  z0z4 LA AMFFTE

pzavl  1Z73 TRD Mizas ABUFFER LENGTH.

gzavz  Ziei bCH NWORDS ACOUNTER FOR ZEROFIL

azEvx  4353c JMs 1 gROFLI AZERO-FILL EBUFFEER.

azav4  1@28 EBUFSET, TADR RELFB

azavs I bCH ADSTOR ASET BUFFER FOINTER.

azEve  1@ye TRD MLEN

Bzavy IV DCA - BUFENLD )

aziee  44z2 JMS 1 AINTON  ATURN MS INTERFACE ONM.

fgzi1e1 168Y4  CYCLEL. TARD MMNLIM ANO. POINTS FER MASS.

218z  ZZxed LCA LFOINT

gz 1825 CYCLEZ. TAHD ROSTOR  ASET EBUFFER

gziad4 234 >CA RMFFTRE AFOINTEF.

pzias 4152z TAD I THARSS ANUMEBER OF MASSES

gzipe VA4l CIA #NEGHTE

azia7? 871 CH MASCTRE ASTORE

g2l1ie 11z6 TAL: TARDOTIM AGET AND STORE

#2111  zé4de LCH ATIME ATIME ADDRESS

gz1diz 111z TR RODSTT  AGET AND STORE

B211z  Z@44 CA ARSETT #SETTING ADRDRESS.

21414 1d44e  MSLOOFP, TAD I ATIME AGET IMTEGRARTION TIME-

Bz115 11z6 TAL TRTIME /AARDC 14 SEC. COUNTER.

g21de  ZlZe LA TETIME

Az11? 1126 TAD TETIME

azize ?31p SPA /GE. 8%

Bz2124 337 JHF MSET #NCO. CONTINUE.

Geilzz 2124 182 TOTIME /ZYES. INCREMENT RUN TIME CO
" Bz1zz 744M SKF ATIME LIMIT EXCEEDEL?

B21z24 544X JHFE T ARGCHE AYES. EXIT.

Bz1z23 13V4 TAD M175a ANCL RESET 4 SEC. COUNTER.

gzlze  z12e DCAH TETIME

azizy 47ex MSET, JMS 1 MSSETI ASET INTERFACE

Bz1ze 477z JMES 1 CHKSTI

A21x1 14Z4 TRE I AMFFTE  ARCD TO STORED VALUE

Az1x2 2424 DCAR T AMFFPTR ~AND STORE.

Bz213x% 2824 ~ 182 AMFFTRE  AINCREMENT FOIMNTER TO MSH.

@z1x4 P426 SZL o AOVERFLOW?

az125 244 182 1 AMPPTR  AYES.

A2ize 7186 CLL

B2137 2834 182 AMFFTRE  ZINCREMENT POINTER TO NEXT

Bz14a za4s 182 ATIME AINCREMENT TIME FOIMTEER.

2141 zevi o 12 MASCTR ASET OF MASSES DONE?

62142 5z14 JHF MSLOOF  ANCO. DO NEXT ONE.

Bz14z 2364 12 LFOINT AALL FPOINTS DONE?

B2144 528z JHF CYCLEZ /NO. DO ANOTHER FOINT.

Bz2145 1825 TAD ADSTOR

Bz146 ZVE6 DCH 1 FLOTF1

Az147 2272 182 BUFEND ABUFFER FULL?

B2158 53254 o - JNP RESET /NQ. GET MORE DATH

82154 4534 T JMS 1 WRTFIL AYES. WRITE IT QUT.

Q2152 ©a@65 3 =

Bz2153% 5274 JHF BUFSET ASTARET NEXT EBUFFER.

82154 41825 RESET, TARD ARDSTOR /RESET FOR NEXT SET OF FOIN



<SYMSCN

Bz21355
#2136
B2157
Bzl
Bzlel
gelez
azlex
Bzled
B216e9
dzlee
Bzle?
azive
azivd
Bzlva
8217z
az21v4
@z1vs

1106
@235
Sxai
2284
4322
Ie@a
24 2@
aaao
14z
4435
X2
3457
3417
aaoe
4468
e£aza
6973

cz@a

ACLEUF,
ARROFIL,
DCONTI.
MESETI,
LFQINT.
WTDRTI.
FLOTFL.
FLOTNI,
FLTFCI.
ARNTIM,
BUFEND,

"CHKSTI.

M1v358a,
Miz@d,
a4
FRGE

TRD
LCA
JMF
CALEUF
RDFILE
DCONET
MSSET
e
WTDRTH
FLOTFT
FLOTIN
FLTFCT
RUNTIM
&
CHKSET
b =17
~1285

FALE=-VT
FNTLEN ~NOC.
ADSTOR  /NEXT BUFFER
CYCLEL

FAGE

I~z

LOCATIONS FER SET.

LOCATION.



/SYMSCN

p2z00
pz2201
pzze2
gzzae3
azze4
82285
azzee
Bzze7?
pzz216
azz11
gz2z212
gz21zx
azz214
az213
gz21&
azziv
g2z20
gzz2z1
azzz2
gzzaz
- B2224
Bz223
azzzeé
Bzzz7v
B2228
82221
az2232
82232
82234
82235
B2226
Bz2237
B2244
Bz241
gzz42
82242
82244
82245
g2246
62247
azz258
B2251

@zz252
82253
82254
B2255
B2256
azz257
azzé0
B22641
Bzze2
Bz228%x

2200

o] o))
reea
1256
3624
1357
3233
ieze
B33
28sz2
1452
r448
5215
SE08
3424
2824
rézi
1258
1852
852
1432
v415
Bae4
a2l
28353
14353
ozl
7445
cfclols)
2233
2222
rez2l
1251
18352
3853
1452
74408
5215
3424
2zeae
S6@0
Boez
80684

goae
31ie
1116
rd4z2d
2351
13356
2360
1768
7457
r458

*2200

FRLE=V?

/CALIEBRATION FILE PACKING SUBROUTIME.

CARLBUF,

CEUFF1.

ROSET..

F3,
P4,

@

CLA
TAD
DCA
TAD
DCR
TARD
DCA
152
TAD
SZR
JHMF
JMF
DCR
1s2
CAM
TAD
TAD
DCR
TAD
ASK
4

SWF
152
TAD
SWF
DST
a

152
152
CARM
TARD
TAD
DCA
TAD
SER
JHFP
LCAH
I1s2
JHP
X

4

/SUBROUTINE

CALIE,

SETCHL,

5}
DCH
TRD
ACHC
DCR
TRD
DCA
TARD
SAM
SNA

ADCMAS
ACMASL
ACALST
ALDSET
AEUF@
CEUFF
CEUFF
I CEUFF

CEBUFF1
I CALEBUF
I ADMASA
RDMASL

Fz

CEUFF

CEUFF
I CEUFF

CBUFF
I CEUFF

ADSET
RDSET

Fé4
CEUFF
CEUFF

I CEUFF

CEUFF1
1 ROMASL
CALEBUF
I CARLEUF

AGET CALIEBRATION MASS
AADDRESE AMND STORE.
/GET VYOLTAGE SETTING
AADDRESS AND STORE.
/GET BUFFER ADDRESS
#AND STORE

AINCREMENT FOINTER.
AGET FIRST MASE.

/ZERO?

#NO. CONTINLUE.
JERROR RETLUEN.
/STORE.

/INCREMENT MASS FOINTER

SCLEAR AC AND ME.
ZBUMF POINTER

JBY X AND

ASTORE.

JPUT FIRST CAL. WORD
JIN RC. SHIFT RIGHT
4 BITE.

SSWAF AC AND ME.
/INCREEMENT FOINTER.
SADD 2ND CAL. WORD
JRUT EBARCK IN ORDER.

~STORE.

JEUMP POINTER EBEY 2.
ACLEAR AC AND MEe.
JEBLUMF POINTER
ABY 4

AAND STORE.

ZGET NEXT MASS
AVALUE=@A7?

ANO. FPROCESS
AYES. ZERDO MASS
AUPDATE RETURN
ARETURN

TO DETERMINE ROD VOLTAGE SETTINGS.

SHMASS
SMASS

NFOINT
RDCHMAS
ADMASZ

1. ADMASZ

#/STORE MASS

JRUT MASS IN M@
AZERQ FOINTER

#GET CALIEBRATED MASS STORA

AADDRESS RND STORE.
#JGET FIRST CRLIEBRATION
SSUBTRACT FROM STORELD

JAC=87 (MASS=CARLIEBRATIC

FRGE 4

G

=

MF

E
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2264 H344 JHMP DONE SYES. DONE WITH SEARCH. "0 .
=263 ¥Vl SFA CLA SRCEY (MASSS>CALIEBRATION HH

2266 5380 JHF SINTRF ~NO. INTERFOLATE.

B2z2e? 2351 IS8Z NFOINT AYES.. CHECK NEXT FOINT.
Bz2v8 2368 Is2 ADMASZ  AINCREMENT FOINTER _
2271 1ve8 TRD 1 ADMASZ  AGET NEXT CALIEBRATION FERK.
Bzave 7448 SZA FEEROT

g227x Sze2 JHF SETCHL ANO. FPROCEED.

Bzz2v4 4448 SETCRZ, JMS 1 AFLE SPRINT "MASS QUTSIDE

B2273 240 TEXT? JCALIEBRATION RANGE.

azz2ve  o8ze 20

gaza?ry Sedz JMP 1 CHLIE

bzx@e 1251 SINTRFP. TAD NFOINT .

B=x81 P50 - SNA CLA FFIRST FOINT?

g2zaz 5274 =T JMP - SETCHEZ  AYES. ERROR.

Bzzez vZx48 NL???FY AAC=-1

b2x84 41x51 TRD NFOINT

@2zas3 1356 TAD ADCMAS

B2386 @65 LCA LMARSS APOINTER TO PREVIQUS FOINT.
B2287v 1465 TR 1 LMASS APREVIOUS CALIBRATION MASS
@2z10 7457 SAM JSUBTREACT FROM MASS TO
Bz2xil xX54 0CA INTIF ~BE CALIERATED AND STORE
2312 1465 TAD 1 LMASS SPREVIOUS CALIEBRATION MASS.
B2x12 ve4d1 CIA /NEGATE )

B2x14 417e@ TRD 1 ADMASZ  AADD LAST CALIERATION MASS
B2215 2255 DCH MASDIF

azxle 13351 TRD NFOINT ALAST FOINT COUNTER

Bz2x1v 413251 TARD NFOINT

@232 41257 TRD ACHLST /ZSTART OF ROD CALIBRATION F
bBz2z21 X323 DCAH HISET JARADDREESS OF FREVIOUS SETTING
Bzxzz2 7344 NLFF¥?PE ARC=-2

B2zz2x 133X TAD HISET

bzxa24 X338 DCH LOWSET AFREVICQUS ROD SETTIMNG ADDE.
@#2323 41328 TARD LOWSET

B2326 2342 LCAH LOSETI /STORE FOR USE LATER.

B2227 7e6S DLD JDLF. LOARD

@226 peEB LOWSET, @ SPEEVIOUS ROD SETTING

Bz2xx1 Y5¢3 bCH 0. P, COMFLEMENT

B2332 7P44Z LAD Do P ADD LAST

b2x3x 8688 HISET. @ AROD SETTING

B2x34 4475 JMs 1 MULTI JMULTIFLY BY

B2223 2354 INTDIF SINTERFOLATION DIFFEPENCE
B2226 7v482 HLT JMULTIFLY OVERFLOW.

B232? 4455 JMs 1 DIVIDI ADIVIDE BY DIFFERENCE

Bz2248 2353 MASDIF SIN MASSES.

Bz2x41 7443 DRD AADD FREVIQUS SETTING.
@azzx4z ooese  LOSETI, @ SCALIERATION VALUE IN AC-ME
B2324% 5352 JHF . *+7 :

B2244 41351 DONE. TAD NFOINT AGET LAST VALUE FOQINTER.
B2345 13251 TAD NFOINT

bz246 1357 - TAD ACALST ARADDRESS OF VALUE.

2247 3251 DCAH NFOINT /STORE.

@258 7665 bLD 7D F. LOARD LAST YHALUE.
B2251 @888 NFPOINT, 6 JCALIBRATION YALUE NOW IN

B2352 2252 182 CALIE #INC. FOR NORMAL RETUREN.
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p235% 5632 JMF 1 CALIE

Azx54 BeEE INTDIF, @

Az2x35 @oee MASDIF, @

2256 74860 ADCMAS. CHMASS

@azxav 7588 ACAHLST., CALSET

pzxe@ w@ae@  ADMASZ, 6

ASUBROGUTINE TO SET FOINTERS BEFORE CALLIMNG SETCAL.

a2261 B8aap PRESET. @
2362 414417 TARD TADMAS ASET MASS FOINTER.
@2x6x zAz24 DCA ADMASA
p2x64 1522 TAD 1 TMARES
2363  7Ee41 CIA
B236E6 Z2AVZ OCR MNMASS
@z367 111z TAL RODSTT
@zzvea  Z2?re DCA I EODADI
pz2x?1 5761 JHMFP I FRESET
pz2xv2 5762 RODADI. RODADD

4

2488 FAGE
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2406 *2400

SINTERFRCE CONTROL FOR SYSTEM SES156/°258 MASS
JSPECTROMETER INTERFHRCE. ‘

#THESE ROUTINES TURN THE INTERFACE

SFISED SAMFLING FERICQD ON AND OFF. ALLOMW THE
STIME REGISTER TO BE LORDED AND ARLLOM A DOUEBLE
SPRESISION NUMEBER TO BE SENT TO THE MASS SET

/REGISTER.

/THIS SET OF ROUTINES WAS WRITTEN EY:
; W. J. FIES

¢ FINNIGAN CORF.

/ 595 N PASTORIA AYE

; SUNNYYALE, CALIF.

; 4EE-FIZ-B94E

#THIS VERSION DRTE:1z2--2-F1
SHOAFTED FOR MASS HONITDPING FROGREAM BY:

: M. E. NEHEE
& EARTTELLE MEMORIAL INSTITUTE

¢ 383 KING AYENUE

4 COLUMEUS, OHIO 42261

STURN INTERFACE INTERRLUFT AND FLAG OFF
rHLLING SEGUENCE:

JMS INTOF
fRETURN IS TO JMS+1
Az4maB  @aeE  INTOF. @
az461  TIeM CLA CLL o
ard4az 6364 MET ASEND ZERO TO LOWER IER
A24B3  7PoOR CLA ,
Brd4@4  1Z0E TAL KI48
A2405 £364 MS1 ASEND COMAND CODE TO URFER E
AZ4AE  TIOE CLA
Az4R7  SEEB JMP 1 INTOF  AYES. MOW RETURNM.
ATURN INTERFACE INTERRUFT AND FLAG ON
ACALLING SERUENCE :
& JIMS INTON
SRETURN IS TO JHMS+1
az41B8 @eE6  INTON, @
Az411  7ze1 CLA IAC
azd41s  E364 MS 1 ASEND 4 TO LOWER IEBFR
azdiz  7rea CLA
Azdld 1306 TARD K46
az415 6364 MS 1 ASEND COMMAND CODE TO UFFER E
Rz416  7I46 MLP??7 ARC==1
Ez417? 3435 DCA WTFLAG ~SET WAIT FLAG
pad4zR IEEE DCA 1 INTONL ,
azd4zd 4131 THD WAITL  ASET UF DELAY.
pzdzz 2227 DCH WCOUNT
pzd423  zzev 12 WCOUNT  ADONE?
azdzd4  S223 JMF -1 ANCL WAIT LONGER.
az425 5616 JHMF 1 INTON
Az426 4435 .. INTONL, FLOTPT
Az427 accc/’ucnuur. £

/SEND INTEGRATION TIME-
JCALLING SERUENCE
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o C{RCX=TIME-1

& JHE ITIME

SRETURN IS TO JHMS+1

JTIME CAN EE EETWEEN @aea AND ¢777

az43@0  BAABAE  MSSET. @

azd431  Fz2aa CLA

a2d4ze e@3l KSF FSCHAR. IN KEYEOARD?Y

a24xx 7418 SEF SN

az434 4781 JHS I EOTTY AYES., FPROCESS IT.

Az4xD  14d4de TR 1 ATIME ASET LOWER & BITS OF TIME.

a2436  &3&1 SKMI JSKIFP IF MS IS NOT READY

azd4zxy V418 SKF /SFOR INFUT.

az448  JzZE JHMF L

az441  eXee MSIC MSI /CLEAR IEBR AMD SEND LOWER &

az442 Viod CLL RAL AROTATE UFFER BITS OF

G244 VoBRe ETL STIME INTO LOMWER AC

azd444  FOEC RTL

A2445 @276 AN Kiv¥ AMASK OFF UFPFER FART OF RAC

pad44e 41277 TARE Kz4a JROD CONTROL CORE

Azd44? 6364 M&1 #SEND TO UFFER IER
SSEND MASS NO. TO INTERFACE AND GET AMPLITUDRE EACK
SNUMBER IS STORED IN LOCATION SFPECIFIEC EY ASETT.
AAMPLTD WILL CONTHIN NEW AMPLITUDE ARFTER EETURN.
AIF (ASETT» EXCEDES @@@7Y FFF7 DR IS NEGARTIYE AN ERRO
SAWILL RESULT IN THE WHLUE SENT TO THE IER.

pz458 Vies cLAa CLL

B2431 1444 TARD 1 RSETT

82432 6361 SKMI JWAIT FOR IBR FLAG

Az4532Z 7418 SKF

d2454 Sz52 JMF -

B2435 EIEE MSIC MSI #CLERR IER. SEND LOWER & BI

Az2456 zadd 18 ASETT

a2457 TFaas RTL

Az24e@ Faas ETL

Az461  7oo4 AL

B2d46z @QZTE ANE Kiv SMASK

Az246x Z21z2 CA TEMF1

B246d4 1444 TAD 1 RSETT #GET UFFER HALF.

Bz2465 2044 I8Z ASETT

Bzdge  BZFS AND KY <MASK

82467 TFiBe : CLL RTL SEOTATE INTO FOSITION

Qpdva  7Q06 ) RTL

82471 d11z2 I TRD TEMF1 JADD TO OTHER FAET

Q2472 63264 ) M&1 ASEND TO UFFER IEBR

Bz2472 7Fzeo o CLHA

82474 Sezxa JHFE 1 MSSET STUMEP TO BRCKGROUND ROUTINE.

Bz475 @eav K7, agev -

Bz47V6  8B17 K1V, gal1y

B2477 @z40 K24, 248

Bz588 @z4m  K3de, =48
82581 2e@@ RDTTY. . RDKYED ‘
JSUBROUTINE TO READ MASSES
@582 peRE MASSET. @ ‘ .
82582 IA7E DCH NMASS FZERD COUNTER.
82584 41447 THD TREHMAS AGET AND STORE STHET
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82585
a2506
gz23ay
a2518
gz2511
82512

251z
22514
#2545
82316
@2517v
gz25z20
az2521
@222
B2523
B2524
82525
825326
az2d2v
B25x8
82331
B2522
82532
82524
B2535
az2526
B2527
B2548
B2541
82542

B254%
82544
82545
A2546
82547
82550
a2551
B2552
82552
B2554
82555
a2556
#2557
82560
82564
az562
B2563
82564
B2565
B2566
B2567 .
azsve’
82571
@2572

3866
44327
224
ae@es
i1a5e
3327
4457
4427
3527
4421
3335
rg- 151
24E6
2866
1422
ieve
7640
3321
4462
53448
3466
20866
2076
5216
18re
3523
Svez
2382
23282
sraz

gaoo
4427
3231
aoay
r3406
1120
3667
1523
7a41
2188
18596
3527
4457
4427
327
4421
Fg 117
5272
2867
2467
2168
3362
5743
1467

FALE&-V?
DCR LOCMAS  ~0F MASS THELE.
JMS I AFL APRINT "MASSCES: "
TEXT4
5]
TARD ATTRDI
DCA I TTRD
Jus 1 DSPF
JMS 1 ARINFL AINFUT MASSCES)
bCA I TTRD SDISABLE TTY READ
NXTMAS, JMS 1 ADEC ARETURN CCTAL NUMEER
JMF LETMARS  AEND OF LINE.
NOF
DCA 1 LOCMAS ASTORE NUMEBER
I1sZ LOCMAS AINCREMENT FOINTER
TRD 1 RCOEQ4 ATERMINATOR.
TRD MSe
SZA CLA SDECIMAL FOINT?Y
JHF . +2 /NO. ASSUME INTEGER.
JHMS 1 FRCNVI /GET OCTAL FRACTION.
JHF MERROR ZERRCOR RETUEN.
bCA 1 LOCMAS /STORE FRACTION.
182 LOCMAS  AINCREMENT FOINTER.
182 NMASS ZINCREMENT COUNTER.
JHMF NXTMAS
LSTHMAS, TAD NMASE
DCH 1 THMASS
JHF 1 MASSET ANORMAL RETURN.
MERROR, 152 MASSET
182 MASSET
JMF 1 MASSET
/SUBROUTINE TO REARD INTEGRATION TIMES.
TIMSET, @
JMS 1 APL JPRINT “"INTEG. TIME:"
TEXTS
TIMST1, NLY?P?PY AHC==1
TRD TADTIM
GCH LOCTINM
TAD 1 THMASS
ClA ZNEGATE
DCH NTIME
TARD RTTRDI
DCR 1 TTRLD ZENAELE TTY RERD
JMs 1 DSFF
JMS 1 RINFL /READ INTEGRATION TIME
DCAR 1 TTRD /DISAELE TTY RERD
NXTIME, JMS 1 ACGED /GET INTEGREATION TIMES
NOF
JHFP SETZ
182 LOCTIM ZINCREMENT FOINTER
bCA I LOCTIM /A/STORE INTEGRATION TIME
182 NTIME AINCREMENT COUNTER
JHF NXTIME /GET NEXT TIME
JHP 1 TIMSET AFINISHED
SETZ2, TRD 1 LOCTIM AGET TIME

’

FAGE S-2



/SYMSCN FALE-YT FAGE S-Z

@297 28&7 152 LOCTIM AINCEEMEMT FOINTER - -
gz2574 2467 ' OCA I LOCTIM AREFEAT FOR NEXT MASS
p2575 2169 182 NTIME AINCREMENT COUNTEFR
pz576 SI7e JHF SETZ 00O NEXT ONE
@zs?vy Sv42X JMFP I TIMSET

’l7

2688 PAGE



/SYMSCN . FALE=-V? FAGE €

2608 *2c@0 ‘
/SUBROUTINE TO INTERFRET TELETYFE
/COMMANDS DURING QFERATION
gzege o@oee RDKYED, @

@zeal 60636 KRE /READ TTY KEYECQARD.
gze@z 3272 DCA STORE

BzeBx 4430 JHs I RINTOF ATURN MS INTERFACE QFF.
gzead4 1zx72 TARD STORE

82685 6001 ION

Bz26@86 4773 JMS 1 ATTYT /ECHQ.

a2e8? 1@5@ TAD RTTRDI

gze1@8 3527 DCA 1 TTRE JENAELE TTY RERD.
az611 1372 TARD STORE

g2612 1362 TAD MEE /MINUS E.

@261z vede SZA CLA /IS CHARACTER E*

Bzel4 S5z225 JMF CHANGE  /NC.

B2el15 Szze JMP S STOF AYES. TERMINATE RUN.

Bzelée 4vSe RDK1, JMS 1 CRELF SFUT OUT CELF
8zelv 6882 END. I0F
82628 4431 JMS 1 AINTON ATURN MS INTERFACE ON.
gzez1 Séae JMF 1 RDKYEBD
/ROUTINE TO TERMINATE DATA ACRUISITICON
/RND START FLOTTING. '
Bzezz 4427 STOP, JMES 1 ARINFL ~WARIT FOR CR.
gze22 6062 I0F

Bze24 5442 JMFP 1 ARGCHE

82625 4372 CHANGE. TARD STORE

Bzeze 1362 TAD MCNTRL AMINUS CONTROL-L.
gzez2v? 7458 SNA ALS IT CONTROL-L®
gz2ézxg 5251 JMF AEORT ’YES. AEBORT.
82621 1364 TAD MESS ’MINUS &,

@gze22 7458 SNFA A1&% CHARACTER &.
B8z63x3 53280 JHMP SCHANG - /YES.

2634 A1ZES TAD MTEE AMINUS T.

82625 74586 SNA /1S CHARACTER T*
2626 5231 JHP TCHANG  A~YES.

B2&627Y 13266 TRD MEN ZMINUS N

Bzeds 7458 SNH /1S CHARACTER N7
Bzé641 5255 JMF NCHANG  ZYES.

gzedz 1367 TARD MEM SMINUS M.

82643 7458 SNR /15 CHARACTER M?
62644 5263 JMF MCHANG AYES.

B2645 1378 TRD MEFF AMINUS F.

Bze46 7658 SNA CLA /1S CHARACTER F*?
p2647y 5261 JMF FCHANG /YES.

B2658 S216 JHF RDK1 /NQ. IGMORE.
82651 6682 HABORT. ICOF

B2652 4537 JMS 1 AFENUF ZRAISE FLOTTER FEN
Bz2652 6861 ION

B2654 5461 JMF 1 EXECK /' AMD RETURN TO EXEC.

/CHANGE NUMEER OF FOINTS USED IN
ZCOMPUTING RUNNING AVERFAGE.

B2655 126a;§NCHﬁNG, TAD NCHRET /ZRETURN RDDRESS.

82656 343677 DCA I ANPNTS .

@2657 5757 JMF I ANFNTL ACHANGE NO. POINTS.
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p2ze6@ 2666 NCHRET, MCHAL
JCHANGE FLOT SCALE FACTOR.

a2661 1264 FCHANG, TAD FCHRET A#RETURN ADDRESS.
pre62 2?vel DCR 1 AFLTFC
p2663 Srewd JHMF 1 AFLTFL ACHANGE FLOT FACTOF.

pz664 2617 FCHRET, END
/CHANGE MASSES TO MONITOR.
ZENTRY OF NEW SETS OF MASSES DURING OFPERATION IS NOT
/POSSIELE WITH THE NON EAE YERSION UNLESS THE FROGRAM
/1S ALTERED TO CALL FECNVT RS AN OVERLAY.

MCHANG,
IFZERO ERE <
JHUF END >

IFNERO ERE <
BR665 4445 JMS I ASTINT >/REINITIALIZE FOINTERS.
pze6e 4468 MCHAL, JMS 1 ENDCKI
Bzé66vy vBrva rerg
Bzeve eo61 ION
Bz671 4464 JMS 1 HORELK AWRITE NEW HEADER ELOCK.
gzeve e¢eeaz I0F
82673 4431 . JdNMS 1 AINTON ATUREN MS INTERFACE ON
82674 1850 TRD ATTRDI
B2675 2527 DCR 1 TTRD /ENAELE TTY REALD,
@z26vée S6vY JMFP 1 .+l
BRevy 2866 RESCHN

2788 SCHANG=.
azvee 4429 MCHRz2, JMS I AHINFL AREAD SET NOQ.

gzval 4421 JMS 1 ADEC

azveaz 4442 JMS 1 AGUES

82783 Sxee@ JMF MCHAZ /TRY AGARIN.

82784 2477 DCAR I NEET

82783 1477 TAD 1 NSET

82706 v@44 CIR

ezva? 4425 TARD TOTSET

ezvie ?rae SMA CLA /NUMEBER TOO LARGE?
62741 5214 JMF MCHA4 /NO. NUMEBER OK.
B2viz 4442 JMS 1 ARUES APRINT 22t

@271z SZ386@ JHP MCHAZ /TEY RGAIN.

82714 2527 MCHA4, DCA I TTRD sDISAELE TTY RERD.
82715 7348 NL?P?PF?P AAC=~1

82716 1477 TAD 1 NSET /GET SET NOC.

az2vi7 2371 DCH SDIFF

82728 1371 TRD SDIFF

82721 74580 SNA ANG. >47

82v22 Szz27 JMF MCHAS A/NO. ! USE FIRST SET.
82723 7421 ACMC AFUT IN M@

82724 7485 MUy '

82725 2065 Fze

82726 7s5z1 SWF AFUT ANSWER IN RC
2727 4442 MCHARS, TAD RODLOC /START OF VOLTAGE ARRAY
82728 241% DCA RODSTT ASTART OF THIS SET
82724 1374 TRD SDIFF ‘

82732 7450 SNR ASET NO. >17

82723 5240 JMF MCHRAE /NQ. USE FIRST SET.

B2734 7421 RCMC APUT IN MG
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az2v4de
B2v4v
bz2voe

B2751
B2752
B27532
B2754
@2755
B2756
82757
p2760
g2761
@27E2
B27EZ
B2764
82765
@2766
@2767
A2770
82774
Ba772
B2773
B2774

7485
aia4d
rral
1626
2iza
1271
v456
9246
rreld
1823
12z
S266

1268
V95
3754
2547
2342
S1z2
465
464
3457
v4v3
voed
revil
veey
anoc
geol
agaay
gooo
gooa
Sizz
5541

MCHRAE,

MCHAY,

7CHANGE
TCHANG,

RTIMSY.
TIMSTI,
CRLF,
ANFNTA,
AFLTF1.
APLTFC,
MEE.
MCNTEL.
MESS,
MTEE,
MEN,
MEM,
MEFF,
SDIFF,
STORE,
ATTYT,
TELRD,

MUy
F31
MEAR
TRD
DCR
THD
SNA
JHMF
MEAC
TRD
DCH
JMF

FARLE-VT FAGE &-2-

SPUT ANSWER IN AC.
ADTIME ASTART OF 15T TIME ARREAY.
TADTIM /START OF THIS SET OF TIMES.
SDIFF
SSET NGO >17
MCHAT #NO.
AGET OFFSET FROM MG,
RMASSL ASTART OF MASS TAEBELE.
THARSS JLOC. OF NO. MASSES.
MCHAL

INTEGRATION TIMES.

TRD
DCA 1
JMF 1
TIMST4
TIMSET
TTYCR
NFNTS4
FLTFCL
FLTFCT
-85
~z14
-187
-1

NCHRET

TIMSTI ACHANGE RETURN ADD.
ATIMSL

s214-322%
FS323-324

324-316
AXLE-315
/315-3a7
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Ipge  +zpa0
SSUBROUTINE FOR INITIALIZING FOINTERS FRICOR TO CALL
SMASSET AND TIMSET.

piaeR  eaee  PTRS, 4]

axgpl  18zz TARD ARCMASS

aipez 117 LCA TADMAS  A15T MASS STORAGE LOC.
@iE@Ex 1626 TRD ACTIME

aiead  z1z4 CH TAROTIM A1ST TIME STORARGE LOC.
praRs 1833 TARE AMASSL

AipBe 3123 DCH THARSS SLOC. FOR NO. MASSES.
axpay  d1idz THD EOLLOC

gialie 11z :CA RODESTT

gxe11 vzl NLeagl FRC=1

@iBlz 2477 LCH 1 NSET AFIRST SET OF MASSES.
axeiz  Sead JHUF 1 FTRS

BxZE14 BEeee  STINIT, @ A

axRl1s 4zaa JHMS FTRS

Bi@le 468z SET, JMS 1 FMSSET

BiR17 decd JHS 1 ATHSET

Bzaze  44Z5 JMne 1 RETCAL

Bx@z1 4442 JME 1 AGUES

axpzz 5216 JMF SET

B2z 1477 TR 1 NSET

aiazd4 1zee TRD MZET JMINUS

Aigzs 7vvoa SMA CLA ANSET=Z27

ax@aze 5232 JHF SETDON  AYES.

axBzvy 4437 JHs 1 AFL APEINT "ANOQTHER SET®"
8iaze 23835 TEXT12

Aipzl1  aeac &

aipzz 4662 (I AGLIERY

Bxazx 52=5 JHF . ZCHANGE FOINTERS FOR NEXT S
83ipxd4 5232 JIF SETDON

BX@z5 2477 12 1 NSET AINCREMENT NO OF SETS.
bieze 1117 TARDE TACMAS  AINCREMENT

axezy 1164 TARD Fz1 ~MASS AND

Axpd4e 147 DCHA TARDMAS ATIME

Gza44 4424 THD TADTIM AFOINTERS

axad4z 116@4 - TAD Fz1 ~BY

A4z zi1z@ DCH TARLTIM /1

Bxp44 1122 TARD THMASS

B3iB45 1184 TAD Fx1

Bia4e 212Z DCA THMRSS

aze4? 144z TRD RODSTT

@x859 1265 TAD 2e

AxAS1 =244z DCAR RODSTT

82852 5216 JHMF SET

aies5x Vvz@ee SETDON, CLA " /N0 MORE SETS.

B3e54 1477 TRD 1 NSET

83855 2125 DCA TOQTSET /NO. OF SETS OF MASSES.
82856 4200 JMS FTRS

a:857 1@5e TRD ATTREI  ZAREM TTY

a3068 2527 DCAR I TTRD /FOF INFUT.

a:@61 5614 JHF 1 STINIT

Bx@62 2502 FAMSSET., MASSET
BIBEX 2547 ARUERY, QUERY
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Bi@ed 254 ATMSET, TIMSET
BHIRed BB28 FIZe. 2
Bxaces VPS5 MIST. -3

SSUBROUTINE TO WRITE, E-O-R FLAG ON [ISK QR THFPE.
SSUBROUTINE TO ZERC-FILL EUFFEE.

@IEET BBEE  ZROFIL. &
BXEve  I434  ZR1. DCAR I AMPPTR
@zavi 2034 182 AMFFTR
8xarz si@1 182 NWORDS  ALONET
azevs  szve JHF ZR1 SN
Biav4  SEev JMP I EROFIL

JSUBRCGUTINE TO END RECORDS.
@IA7S GERR  ENDCHE, @
®IB7e  IIIX DCA NELOCK AZERO ELOCK COUNTER.
BIBTY7 16825 TAD ADSTOR fEEqET BUFFER ADDRESS TO
Bil@a 3034 DCAH AMFFTR  ~START OF CURRENT SET
@xiAl1 1034 THD AMFFTR foF MASSES.
@312 134z TAD Meees  AAMFLITUDE BUFFER START.
@¥18% 41341 ENDCL. TAD M@l
B3imd4  23III 182 NELOCK  AINCREMENT ELOCK COUNTER.
B3165 7540 SMA SZFA ADONE?
BI1AE  SIAZ JHP ENDCL  ANO. DO MORE.
@83:187 7540 SZA CLA AYES. ANY ROOM LEFT IN ELGC
@3id@ 5327 JHP ENI:CE  AYES.
#3111 1333 TAD NELOCK  ~NO.
83112 4134@ TAD M5
83113 7458 SNA - A5 BLOCKS?
83144 5347 JMF L +3 AYES.
B3115 2333 152 NELOCK ANO. EBUMF BLOCK COUNTER
B31i6 Sz27 JMP ENDCZ
83117 4534 JMS I MWRTFIL ~WRITE OUT FILE
B3128  BRAS 5
Bxizd 1626 TRD ABUF®  /RESET FOINTER
G122z 034 DCA AMFF TR
3123 7361 NLE@EaL ZAC=1
@124 IIII DCH NELOCK ASET BLOCK COUNTER FOR WRITE
@3125 TFId4d NLFFTE SHC=-
aziz6e i@4 DCA NWORDS AONLY 2 WORDS TO ZERCO OUT.
@127 2@x4 ENDCEZ. ISZ AMFFTE
B313@ 4675 TAD I ENDCHK /GET E-0-F CHARARCTER.
@431 343 DCA 1 AMPPTR  ASTORE E-0-F CHAR.
A3132 4534 JMS 1 WRTFIL
A343% @BORG NELOCK, @
82134 1626 TAL: AEUF @
B3135 3634 DCH AMFFPTR ARESET BUFFER LOCATIOM
3136 2275 1S2 ENDCHE
@2137 SE7S JMF 1 ENDCHK
@3148 7P MS. -5
B3i41 FSVF M2, -z@1
@142 2BBR  MEROR, -EROO

/
@83143 BeEE WTDATA, @
@144 4437 JME 1 AFL ZFRINT "DATA"
@:31145 3211 TEXTE

Bilde BEQZ 2



/SYMSCN

a314v
px1306

83151
gz152
Az4152
82454
Ax153
82156
az3157v
Axie@
83161
8162
Bx16x
8z164

B2163
gile6
83167
a31ve
Bziv1
az1v2
ax1vz

4427
5743

aaaa
1ved
@362
veda
5751
1762
7640
5256
arsi
ap64
a4z
a1ve

8314
1723
8540
asz2
2217
2241
BEaE

JMS
JMF
¢’

I
I

FALE-VT FAGE v-z

AINFL
WTCATA

ZWAIT FOR RESFONSE

/SUEROUTINE TO CHECK THAFPE STATUS.

TCHECK, @
TRD
RND
SZR
JHMF
TAD
SZA
JHF
JMF
F4IN, 4
EFLARG, 482
CONFIG, 417@

TEXT16, TEXT

I

CLA

CLA

CONFIG
F4IN
/’TAFE?
TCHECK
BFLAG
/DONE?

-

TCHECK

ACONFIGUREATION WORD.
/MASK OFF DISK-TAFE EIT.

ANO. DISK. RETURN.
/YES. GET EBACKSFACE FLAG.

ANO. WAIT.
’YES. RETURN.

SCLOSE ERERCOR!/



#SYMSCN ) FAL&-VT FARGE &

3288 *I20Q

@320 @201 TEXTL, TEXT ACALIEBRATION FILE: ¢
G201 1411

dIz2pz  ez2e ’
Bax2ax  @1z24

fxzad 1117

BI285  ledo

Bax2e68 861l

px28v  14@5

BIzi1e V248

Bxz11  eles

3211 w -1

63211 6481 TENT2, TEXT ADATA FILE NAME: /
azzi1z 2461
BI21x 4886
63214 1114
RI215 @548
6z21ic  l1e8d

#3247 1585
X228 7240
pIz2zl 9008
221 o+ -1
#3221 2441 TEXTI, TEXT ATITLE:/
222 2414
B3223 B572
X224 AEOR

224 *, -1

Bxz24 41581 TEXT4, TEXKT AMASSCES)»: /
pxz2z23 2323
pmXzze 5883
Bgxzzy 2351
Brzze  vaz4@
#Xzz1  BRese
3231 o+ -1
@aza2z1 1116 TEXTS, TEXT AINTEGRA. TIME: /
axz232 2485
AzZ2zx @vze
Bxz2X4 B815¢6
ax2x3 4824
B#32x6 11153
B3237 8572
arz4e 4064
248 * -1
axz48 15681 TEXTF., TEXRT AMASS QUTSIDE CALIBRATION EANGE. -
Bx241 2323
BIz42 4817
G224 2524
2244 2211
X243 @485
@aizd4e 488Z
Bxz47 B114
@25 d1diez
Bzas34 =2zl
axz52 2411
@225z 41vi1s



SSYMS

DR

ENERENEN]
TR (S (N3 (A (V)

DR R R ) R |
DoUBRSS B e SR ) B S

DU T 3y B W) [x()

W
s

A
PN NN

DU OO OO (S 6 B (W]

Py T 1Ty T Ty

—
s,
-,

o e !

[xn )
$ni dad

.
D)

1.3 1A

Do I r]
RN, JEN T MY I A LR O

R B B A e g

[ LSO (SR (SO (80

—
x)

1

Do I B ]

Lad Lal a1l Ll Lad Ll

DU e SRR I O PO B L

[P SO ORI CS OW I (S
LU BN BN e e B

Paoy i o B

oG D O

[PNURE PY I PRI PY I PN PN

L I PN B PV PR PN P ]
LU U By
D1 IR O PRI LS Y S

(e}

AR

J L 1ad

[ N I R ]
NENENENEN]
tad o) ad Lol Lol
PRI, 3
W D =] T

Bxx4z
Bx314
B3x15
Bxz1€
Bxx17

(PN PN

Lo B R
ENEN
L LS N ]
NS

LSRN IR S LN
[a L ) Y N PN |

o E
G Lod b L)
And Tab bed b

CN.

DA D
P R I T I T
R A S
IR IR

Z@id

15

DoURER VIR L DSV BN IR

I WX 0~ I3
PR e @R

RN R R R

A

LY fa B
Py
L)

=

A 61

DoUBE S I I S S LS R P

Lacy SO N~ Y S R A o
Doy BB ) IS R | ]

(U IS SR LR S DN B R

IIB3
g11e
1724
1635
c24a
2385
2477
agag
221z
228z
g114
@348
aeél
Bzxz4
ivae
vz4a
g@oaa

aaaa
caaz
v 248
4587

FALE-YT

#, ~1
TEXTS, TEXT SBUFLICATE FILE MAME!/

#, =1
TEXTS, TEXT ~NO. POINTS:

*, =1
TEXT16, TEXKT ZRUN TIME: -

TEXT1Z, TEXT AANCTHER SET%/

* -1
TEXT4LS, TEXT ~/SCALE FARCTOR:

SSUBROUTINE TO SET FOINTERS FOR SETCAL.
SSUBROUTINE TO INITIALIZE FLOTTER.
FLOTIN, @

I0F

NL7?P?Y ’RC=-1

JHS I FLOTT /SET NEW QRIGIN

FAGE

o0



ZSYMSCN ‘ FALE-VT FRAGE &-2

Bxz2? vzel NLeegl ASET AC=1
83328 4587 JHS 1 FLOTT /DRIVE FLOTTER FEN DOWN TO
Bx231 &eaes a F% RAXIS
Ba3xx2 66386 -1758 -
BRIIZ 73248 NL?F?P? FJAC=-1
82324 4587 JMS 1 FLOTT . #SET NEW CORIGIN
@3335 Pzl NLaaal /’SET AC=1
B3X26 4587 JMS 1 FLOTT /RAISE FEN 4" AEBOVE
BI32? Gogg a /X AXIS.
Bix46 6166 lae
Bx32441 7?3486 NL???? JARC=~1
B4z 4567 JMS 1 FLOTT /SET NEW ORIGIN.
B23242 4548 JHS 1 RFENDN ZLOWER FEN.
82344 4175z TRD I NSMOTI  APCOINTS TO SMOOTH
Bx245 7841 CIA /NEGATE
Bx346 3185 DCH FTCTE ASET FPOINT COUNTER.
BX347 114196 TRD > FTEUF /SET PLOT BUFFER
Bx358 2852 DCR BUFLOC ~ POINTER.
82251 e861 ION
Bxx52 Svz:3 JHMF I FLOTIN
B23I5Z 4571 NSMOTI, NSHMOOT
s
83354 @88 TOTAL., @
82355 wese @
BIX5€& 7?7334 SVYTGLY., -44
@x3x57 @811 11
83368 8654 94
Bxxel1 8165 ies
X262 @124 1z4
B2x6x @131 1z1
B2x64 8124 iz4
82365 8185 185
81366 8054 34
83367 Be11 i1
Bxxve ?v°zx4 ~44

Bx2?71 @655 655



/SYMSCN FALE-VT FAGE &

468 *3Z4808
 JSUBROUTINE TO SET NUMEER OF FOINTS FOR RYERAGIMNG.
84688 @BEE NFNTS, @

Ax481 44Z=7 Jrs I AFL APRINT "NO. FOINTS:™
@342 327 TEXTS

ax4Bx Q@86 &

ax4a4 4437 JMs I DESFF

BX485 4427 NFNTS1, JMS 1 AHINFL AREAD NUMEEFR OF FPOINTS.
ax486 4421 JHS 1 AROED

@2487 4442 Jme I AGUES APRINT “2e

62418 Sz866 JHF NFNTS ATREY AGHIN.

62411 =441 DA I AFNUM

B2412 4241 JMs DIVSET

ax41z 7418 SKF

az414 Seoo JMF 1 NFNTS

B2415 4442 JMms I AGLIES AEPREINT “ee!

82416 Sz261 JMF NFNTS+1

/SUBROUTINE TO SET MAXIMUM RUN TIME
82417 @BBB RUNTIM. &

83428 4437 JHS 1 AFL AFPRINT "REUN TIME:"
83421 zz00 TEXT1#

82422 BBBES 3

a3422 4457 RUNTML, JMS I DSPF

82424 4427 JHS 1 AINFL /READ RUN TIME.
82425 4421 JHMs 1 AHDED

azd4z2e 4442 JMs 1 ARLES

a2427 5222 JMF RUNTML AZTRY AGAIN.

82428 ?521 SWF

gx4z21 vzo8 CLA

B24x2 7485 MUy

B3422 2448 Fr4

82434 7?5211 SWF AFPUT FPRODUCT IN AC
82425 7o441 CIA /NEGATE

Bx426 =124 DCH TQTIME ZAND STORE

82437 5647 ~ JHF 1 RUNTIM |

82448 @@v4 P74, . r4 JMULTIFLIER TO CONVERT TIME

ATQ SECONDS.
SSUBROUTINE TO CALCULATE DIVISOR FOR AMFLITUDE SCA
634414 @oBB DIVSET. @

X442 1441 TARD 1 FFNUM

82442 7a4d1 CIF

82444 2674 DCA MNUM

B82445 1441 TAD 1 AFNUM

81446 7421 ACMC '

82447 7405 MUy

@x458 2251 Fd

83451 7440 SZA

83452 56441 . JMP I DIVSET /QVERFLOW. NUMEER TOOQ LARGE
83453 7521 © SWP

832454 2056 DCH - DIVNUM

83455 2241 152 DIVSET /SET FROFER RETURN

83456 5641 JMF I DIVSET
' /SUBROUTINE TO SET PLOT SCALING FACTOR
83457 @@e@ FLTFCT, ©
82460 4427 JMS 1 AFL /FRINT "SCALE FACTOR:@"



ASYMSCN FPRALS-VT FAGE 9-1

a3x45l1 3IZ1Z TEXTL1S
axd4ez  0AEY v ‘ B
BI4eX 44579 JHMS 1 DEPF : R
B3464 4427 PLTFCL, JMS I HINFL #READ SCALE FACTOE -
Bx483 4421 JMs 1 HOED ADECIMAL-OCTAL COMVERT
23466 dd42 JHs 1 AGUES =~ ~ERROR '
axdey Szed JHF FLTFC1 ATEY AGARINM
px4v@  IPee LCH FACTCR
B#x471 5657 JHF 1 FLTFCT
SSPRCE FILL FRINT EUFFER
@x4vz @ase SPF, a
Bx47Z Vzao CLA
B6x4v4 1266 TARD SPF1 FRET COUNT
@z4v5  Zzxi1 , bCA SFFS STEMF STORAGE
rx4ve 1832 TAD HLINE
BX477 3387 DEA SFPF2 ASTORAGE ALDE
Bazie8 41318 SPFZ, TARE SFF4 FSFRCE FILL
Bzl zvey DCA I SFFz CETURE
Bax38z 22487 182 SPFe FSUPDHTE STR ADRDE
Bx58x 2xii 152 SFEFS FEINISHEDR?
Bx584 5306 JHF SPFZ SN
Bx3B3 Seve JME 1 SFPF SYES—RETURN
Bx38e VP68 SPF1, rreg S=2@ OCTHAL
@258y 0B SPFz, e
@x51e 4848 SFPF4, 4@46
Bx511 @8aa  SFF5, g

JSUBROUTINE TO WRITE DATH RECORDRS.
B#x5l1z @egn WRTDART. @

6x512 4171z TRD 1 WRETDAT AGET NO. ELOCKS.
Bx514 2312 182 WRTOAT

#2515 v421 ACKC SPUT IN ME

Bx51e 7?4835 MUy SAMULTIFLY BY =z2£1.
#2517 Zx546 Fael

x5z Y430 szl JERREORT

Bx5e1 V482 HLT

@mx5zz 7521 SWF SRROICT TO AC
Bx52&X X233 CCH WETNUM

px524 41=2ZE5 TRD WETNLM

Bx523 V841 CIA

Bx5z26 2101 DCH NWORDRS  ACOUNT FEOF FZER FILL.
Bx327 16828 TAD REUF& 7SET FOINTEE FOR
ax526 @24 DCH AMFFTR  AFOR ZROFIL.
Bx531 4428 JMS I HIMNTOF

8x5xz 6881 ION

X532 4532 JHS I WRITEX

#3534 ©eaa a

#2533 @8ea  WETNUM, & ANO. WORDRS TO WRITE
@ax536 o886 BUF @ SHDDRESS,

BX5X7 Boes a </DONE FLAG

ax548 435=Z2 JMS 1 WARITX

Bx541 vz2ea CLA

Bx542 4521 Jmns 1 TCHCKI

#3342 ecB82 I10F

BX544 4536 JMs 1 ZREOFLYI AZERO-FILL ELUFFEE

Brx3545 Svi1z JHUF 1 WETDAT



/SYMSCN

AX546
@az547
83538
@x331
@x352
gx333
ax354
Bx3335
Bx536
@axs57?
ax5e0
82561

DU R

[ PRI PN I PN

(W]

[0y

Do BN B e s ] RO PR )

LELE
@ O

oy B B B ]
[P I PN P §
Ay
Loy e W a3

1l

n
-J

Aa’

8x571
BX372
B237v2
azsv4
B35735
ax3ve

azel
ooea
1858
3327
4427
X527
14z2
Bed
126z
resg

J
4

-~ £ PR

-J =) = b~
Y
0~y - -

aaaa
4522
ages
gze8
azea
aeas
4532
rzea
4521
arves

Fze1,
GUERY.

YNEG,
Fyyad.

2a1
(5]

THD
DCH
JHS
LCAR
THD
ANLC
TARD
SNA
JMF
182
JHF

4786
vree

SSUBROUTINE

HOELCOK,

a

JHS
)

286a
RALD
a

JHE
CLA
JHS
JMF

Lo B I )

CLA
I

I

TCQ

I

I

I
I

PALE-YT FAGE -2

ATTRDI
TTRD
AINFL
TTED
ALINE
ol 1)
YNEG

CUERY
GUERY
GUERY

ARUESTION SUEBRCOUTINE.

CENMAEBLE TTY EEARLD.
/REAL ANSHER.

SDOISABLE TTY INFUT
AGET ANSMWER

SMASK. OFF FIRST & BITS
SSUBTRACT "Y'

SPROSITIVE EETUEN.

SNEGATIVE RETUENM.

WRITE HEADER ELOCK.

WRITEX

WAITH

TCHCKI
HOBLOK

“WEITE THFE HEHDEE ELOCK.

#NO.  WORLS.
AWRITE STRRT ADDRESS.
/DONE FLAG
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BOEE
4228

P
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3262
1268
v5z1
7487
I661
vdx8
7402
rigd
7844
1261
v758
525%
1262
5255
1ze2
7972
2217

...- *
1y il

=
Z

w0

L]
D
[
—-f T

5]

TR 1
CLL EARL
LCH

TAD
ACMC
DI
FNTLEN
SEZL

HLT

SWF

CIA

LCAH

JHE 1
Fiz83, 12835
JERE ROUTINE TO

FRLE-VT FHGE 1@

IMTINE 70O CHLCULATE CONSTHNTS FOR DATA ACRUISI

THRES SGET NO. OF MRARSSES.
SHULTIFLY BY =2

FNTLEN N

FLzes MR, BUFFER LENGTH

APUT IN ME&

SOIVIDE ERREQE.

AEUQTIENT TO AC.

SNEGHTE
MLEN SNUMEBER OF SETS OF FOINTE.
DCONST ASRETURN.

DPIVIDE UNSIGNED DOUEBLE FRECISIION

SODIVIDEND BY UNSIGNED SINGLE FRECISION DIVISOR
SCALLING SERUEMNCE:

s AC CONTHRINS HIGH CORDER DIVIDEMD

£ ME CONTAHINS LOW ORDER DIVIDEND.

& JHE 1 (DIVIDE?

o DIVISOR HRDDREESS

DIVIDE. ©
JMs SIGNL _
SWFP APUT MSH DIVIDEND IN ME.
LCA CIVIL ASTORE LEH DIVIDEND
TAD 1 DIVIDE AGET RDOERESS OF
LCAH LIVIZ OIVISOR AND STORE.
TR 1 pPIVIZ AGET DIVISOR
JHS SIGNZ
LCH DIVIZ ZANDY STOARE.
Oyl
Diviz
SZL
HLT fDIVIDE ERROR
SHF AMSH TO RC, REM TO ME.
bCA DIVIZ ASTORE MS&SH GUOTIENT
TRD DIvYIL AGET LSH DIVIDEND
SHF ZRUT IN FROFPER CORDEER.
Dyl
DIVIZ
SZL
HLT fDIVIDE ERROE
CLL EAL ZMULTIPLY REMAINDER BY 2
CIA /7 AND NEGHRTE.
TAD DIivig ZAADD DIVISOR.
SPA SNA CLA ADIVISOR. GE. REMAIMDER?
JIMF L +E ANC. '

S TR DIYIz YES. GET MSH BUOTIENT.

2 JNF L +Z
/ i‘ TAD DIVIZ .

DRIC ZINCEEMENT GQUOTIENT.=
182 DIVIDE r
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L
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vooae
3331

7575

IZel

7248

3335
1268
5728
X266

FRLS-VT FREE 18-2

J1E SIGNZ
JHEOI DIVIDE
SRUCOTIENT IN AC-ME ON RETURN, MSH IM AT
LIYVIi, &
DIViz., @
DIVIZ, @
JERE MULTIFLY ROUTINE

SHULTIFLIES DOUBLE FPRECISION MULTIFLICAND IN M3-AC
JEY SINGLE FRECISION MULTIFLIER. RETURNT DOUELE
JERECISION PRODUCT IN AC-MG HELTS ON @ULTIFLY OWE

JCALLING SEGUENCE :
; IMS SMULT
’ JHULTIFLIER ADLRESS
MULT. @
JNS SIGNL
DA MULTL  ASTORE MSH.
TAG 1 MULT AGET MULTIFLIER
D MULTZ  ARADDRESS
TAD I MULTE  AMOW GET MULTIFLIER
JHE SIGNZ
DCH MULTZ  ~ FND STORE IT.
TAL MLTL  AGET EBACK MSH
SHA AL B
THF MULTE  SHO.
SHF SMIH TO ME.
DO MULTL  ~STORE LSH
MUY AMULTIFLY MSH.
MULTZ
SZH
HLT AHULTIPLY OWERFLIGH.
TR MULTL  AGET LSH MULTIFLICAND AMD
SWF ARUT IN M3, PRODUCT TO AC
DCH MULTL  ASTORE MSH PRODUCT.
MULTE, MUY AMULTIFLY LSH.
MULTZ
. szL
-~ JMP +3 AUVERFLOW ERROFR.
e TAR MULTL  ANOW ADD MSH FRODUCT
157 MULT SSET P NORMPAL RETURN.
157 MULT SERROR RETURN
THS SIGNZ
JMF T MULT
MULTi=DIVI4
MULTE=DIVIZ

SIGNL, @ :
SHA AMEGATIVE?
JMF SIGNCL /N0
DCH AYES. COMPLEMENT.
- DCA DIVIL
“ NLFPFF FRC=-1
bCA SIGN FSET SIGN SWITCH=-1
TAD DIVIL
JHF 1 SIGN1
SIGNCL. DCA DIVIL  /STORE OPERAND.

(3



SSYMECN PHLE=-W? FRGE 1@-:

BIyIa2  IZES 0CH SIGN SCLERR SIGN SHWITCH.
AIVIX  1Ze@ TAD LIVIZ SGET BRCE COFERAND.
@734 5728 JHIF 1 SIGNL SRETUEN.
BIVIT  @eeg SIGN a
@xyze BBBe SIGNZ., 6
BVPIV Yoo SHHA SMEGARTIVEY
Bxv48 5736 JME T SIGNE SN
@axv41  vad1 CIR SYES. MEGHATE.
B#iv742 2325 182 SIGN SINCREMENT SIGN SWITOH.
Bx743 5726 JHMP I SIGNE
‘,.’ {.’
axvdd @aag SIGNZ, @O
Bx743 2268 . DCA LIVI SSTOGRE MSH ANSMWER.
Bz74e 1X305 TAD SIGN SOHECK S IGN.
axv4y  Veda SZH CLA SZERD
BITER S3EZ JHF B SN
Bxv¥31  1zZen TR DIVIL SGET BRCK MIZH FANSHEER.
Bz?32 3744 JHE T SIGNZ
qx¥33  12ed TAL ObIVI
BIv¥od P37S bCH SCOMPLEMENT ANSMWER.
BXY53  5vdd JHE 1 SIGNZ
(.’

< ONE OF THE ERE SIMULATOR ROUTINEEL.
iFZERD ERE <

LZRSHM, @

LCA ERETFL 7SAVE AC

TAD I LEREHM SGET NUMBER 0OF SHIFTS

152 LERER

SZA SNOSHIFTSY

JHF . +E

TAD EAETFL ASRESTORE AC

JHF I LEREM

CIA ACOMPLIMENT

LCA ERETFZ

TAD EARETF1 /RESTORE RC
LERLF., CLL EAR SROTATE MSH 4 BIT

SWF JGET LESH

FAE AROTARTE

SWF

182 ERETF2 ALONET

JHF LSELF NG

JMFP 1 LSREM >



/SYMSCN FRLE=YY FAGE 11

IFZERD PLIST <KLIST> ZRESET IF NOT LISTING PLOTTER ROUTINES
ASUBROUTINE TO GET DATH FILE NAME AND
/DETERMINE WHETHER THERE IS ALREALY A FILE
/BY THAT NAME ON THE SYSTEM DEVICE.
p4zz22 oeea RDFILE, @

@4323 4437 JMS I AFL AFRINT "DATA FILE NAME:"
@4324 3211 TEXTZ
94325 @a10 1@
@4326 4658 RDFL,  TAD ATTRDI
g4327 3527 DCA I TTRD AENRELE TTY REAL.
@4338 4457 JMS 1 DSFF
@4331 4427 JMS 1 AINFL  AREAD FILE NAME
@4332 3527 DCA I TTRD ADISAELE TTY READ
@4333 4563 JMS I  OFENWX ADOES FILE EXIST>
@4334 5608 LINE A/FILE NAME ADDRESS.
@4335 c@ea EUF@
84336 5344 JHF . +E :
@4337 4448 JMS 1 AFLR AFRINT "DUFLICATE FILE NAME
B4348 3260 TEXTE
@4341 @E12 iz :
@4342 4442 JMS 1 AGUES  /AFPRINT “%%"
943432 5326 JHF RDF1 ATRY AGAIN.
@4344 4451 JMS 1 ATRANS AMOYE FILE NAME
@4345 4353 RDF2
84346 BEO3 2
@4347 5342 JHF . =5 AERROR RETURN.
84356 7000 NOF
84351 4464 JMS 1 HDRELK
@4352 5722 JMF I ROFILE
84352 ©ee@ RDF2, @
#4354 GoG@ @
84355 @Goea @
/
#4256 @@8@ RCGCHR, @
B4357 4460 JHS 1  ENDCKI AINSERT RECORD END.
@4368 7171 P14 AECF FLAG.
@4361 4438 JUS 1 AINTOF ATURN OFF MS INTERFACE
#4362 4537 JMS 1 APENUF /RAISE FLOTTER FEN.
. @4363  6@01 10N
P4364 4454 JMS 1  CLOSEX ~CLOSE FILE
@4365 4353 RDF2
84366 5608 LINE
@4367 BDOGOO @
@437@ 7418 SKP AERROR RETURN
84371 5376 JHF  TERMIN
P4372 4521 JHS I TCHCKI
843732 4448 JMS 1 AFLR AFRINT "CLOSE ERROR!"
84374 3165 TEXT16
@4375 0006 6

B4276 45214 TERMIN, JMS I TCHCK1I
84277 5461 JMFP 1 EXECH ’



B4400
A4
f44@2
B4403
@4404
B44@5
B44@6
B44@7
B4416
P4414
p4412
B441%
f4414
f4445
R44416
A4417
a4420
B4424
G4422
B4423
G4424
B4425
04426
B4427
B4430
B4431
G4432
B4433
B4434
B4435
G446
B4437
f4440
Gdddd

B4442
B4443
B4444
B4445
B4446
@4447
H4450
B4451
f4452
B445%
B4454
G4455
B4456
B4457
B446@
G446
B4462
B446%.

4400

aeoe
1135
valia
SEvz
1225
reda
2269
1114
vESH
2234
2114
1zv1
ra4l
vagl
3ve
1158
23286
1156
real
Izev
iver
3Ires
23Ive
r4i@
S234
2206
228y
Sz224
7EED
sepe
4475
agez
r4p2
4455
Base
vzl
24502
22235
2185
416
9252
2nse
5265
4318
Fax 1%
I268
4587
s800
aape
22597
r248
2183

[
e
&

+4408

SSUBRCOQUTINE TO
JINTERFRCE INTEGRATION.

CHKSET.

ELOOF,

FLOTFT.

SMOCQTH.

e
L.

PLOTF,
FLOTFY,

a
TAD
SFPH
JHNF
TRD
SNAH
JHF
TRD
SNA
JMF
DCR
TRD
CIln
IRC
DCR
TARD
CH
TRD
IRC
DCH
THD 1
DCA I
152
SKF
JMF
152
182
JMF
bLD

a

JHMS I
FACTOR
HLT
JHE 1
DIVNUM
MEAC
DCA 1
DCH
182
SKF
JMF
152
JHF
JHMS
FLTEUF
bCAH
JHE 1
5]

@

152
NL????
DCA

CLA

CLA

PALE-VT

WTFLAG

WAITZ
FLOUTFT

WARITL
SETFLG

FLOTFT~1/NC.

SETFLG
NSMOOT

CTR

SFTEUF
FTEUF@
SFTEBUF

FTELFL
FTEUFL
PTEUF®
CTR

FLOTPT-1

FTEUF@
FTEUFL
RLOOF

MULTI

DIVIDI

BUFLOC
PLOTFT
FTCTR

SMOOTH
BUFLOC
WAIT1
FIT
PLOTEY
FLOTT
FLOTFX
FTCTR

AGET WAIT

FRGE 14

HANDLE DATA DURING M. S.

FLAG
SUSE THIS FOINTY

#NO.

JROINT TO
/NO.

PLOT?

ATIME TO MOVE FOINTS?
CALCULRATE FOINT.
7CLEAR FLAG.

/GET NO FOINTS TG SMOOTHS

JSET COUNTER (=NSMOQOT+1>

/GET VALLUE.
JHOVE IT DOWN.
cDONE?

7NC.

SMULTIPLY COVERFLOW,

SSTORE IT.

JZERQ FLOT FOINT ARDD. o
AENCLIGH FOINTS TO SMOQTHY
<NO.
/’YES.
JELUMF STORAGE FOINTER.
JCALL SMOOTH ROUTINE.
JHEEAY ADD.

JRPLOT FPOINT.

SAC==-1
/’RESET COUNTER.



ZSYMSCN

@4464
84465
04466
B4467
04470
a4474
a4472
04473
B4474
04475
04476
@4477
84500
845041
g4502
@4583
84504
84585
B4506
#4587

@451@
P4514
@451z
@4513
@451 4
@4515
B4516
64547
B4520
@4524
@4522
#4523
G4524
84525
@4526
@4527
84520
64531
84532
B4533
B4534
84535
@4526
@4537
#4540
B4544
B4542
84542
G454 4
B4545
B4546

byoe
X

2114
6371
v418
5263
rige
6372
5688
6371
r4lie
S2vz
62ve
7344
1844
3g44
2125
g - 1510
ares
2114
asaa
aage

aaaa
1718
KX Fax
2218
1271
radil
23ve
127?35
3374
rezl
7445
X354
1vrz
r4zil
1274
3331
4475
aeas
r482
7443
2254
74435

- 2254

vezl
2373
2274
g23rz
az24
1274
X351
r663

FPALE=-V? FAGE 14-1
182 SETFLG /ZSET FLAG.
WAITL, SKMO /M. S RERDY FOR QUTFUTY
SKF ’YES.
JHMF L= /NO. WRIT LONGEE.
CLL ALINK MUST BE CLEAEED.
MsQ JOUTFUT OQEBR.
JHF 1 CHKSET AZRETUEN.
WARIT2, SKMCO /MS READY FOR QUTFUT?
SKF ’YES.
JMF . -2 /NG WAIT LONGER.
MsQ JOUTFUT OEBR.
NL?P?P7é& AAC==-2
TAD ASETT /RESET VOLTAGE ARRAY
DCH ASETT /RDDRESS.
182 WTFLAG ZBUMF FLAG
NOF
JMF 1 .+l
MSLOOF
FTEUFG, @&
FTEUFL, @

SSAVITZKY-GOLAY

SMOOTHING ROUTINE.

/THIS VERSION SMOOTHS 11 FOINTS.

JFIEST FOINT TC

ZSMOOTHED FPOINT RETURNED IN AC,

SMOOTH IN CALL+1.

SINGLE FRECISION.

FIT. @
TAD I FIT
DCA SMADD  /STARTING ADDRESS.
152 FIT
TAD NSMOCT
CIA ‘
DCA . CTR /SET UF FOINT COUNTER.
TAD AFACT
DCA FACT
CAM
DST
f” TOTAL
SHLOOF,s TAD 1 SMADD
ACMC ZINTENSITY TO Me.
TRD FACT
DCA SML1
JMS 1 MULTI  /CALL MULTIFLY ROUTINE.
sMLi, @
HLT ,
DAD
TOTAL
DST
TOTAL
CAM
ISZ . SMADD  AINCREMENT RLDRESSES.
ISZ 4 ' FACT :
152 CTR /DONE?
JHF SMLOOF N
TAD FRCT
DCA SHLZ
DLD /YES. GET TOTAL



~SYMSCN ' FALE=-VT FAGE 14-Z.

a4547 3354 TOTAL 1

24558 4455 Jins 1 DIVIDI ACALL DIVIDE ROUTINME.
a4551 @egee  SMLZ. ] ‘

84552 V588 SMA ~HC. GE. &%

#4552 53356 JHF . +3 . “YES. 3

#4354 7ve2l cAn ANCO. SET=@!

#4333 5Svi@ JMF -1 FIT FEXIT

24336 74468 SZH SRC=87

B4357 ?P482 HLT ANOQ. OVERFLOW EREOE.
a4568 1=xVa TAD Fivaa

84361 7437 SAM

B4562 Vvia SFR CLA ATOO LARGE?

#4563 5SZXe6 JHF .+ ONOL

4364 1370 TARD Fivaa SYES.

#4563 S71@ JMF 1 FIT '

#4568 ?rel MEeAC AYES., GET GUOTIENT

B4567 5716 JHMFE 1 FIT' " 7 HAND REETLUEN.
84578 41vee Filivea. 1ves .

84571 @81z NSMOOT. 1 ‘

a45v2 eaas CTR, a

a45v> opesg  SMADD, &

a45v74 @gen  FACT, 5]

a4375 3256 AFACT, SVYTGLY



JSYMSCN

FALE-YT

FAGE 15

/THE REST OF THE EAE SIMULATOR ROUTINES

IFZERCQ
#3645
MUY SH,

MF4,

MF3,

MPS,
THIR.
DY ISH,

DVZ,

ERE <

a

CLA
SWF
CAH
TAL
LCA
TAL

ocH

182
LCAH
TRD
CCAH
TAL
FRE
DCH
TAL
SNL
JHMF
CLL
THE
FAR
LCA
182
JIF
TARD
kAR
SWF
TRD
JHMF
a@

e
rred
&
DCA
SWF
DCH
TARD
DCH
TARD
CIA
DCA
CLL

-TRD

TRD
182
SZL
JMF
TARD
DCAR
JMF
TARD

CLL

I

CLA

ERETF1
MUY SH
ERETFZ
EAETFZ
ERETFZ
MUYSHM
MPS

THIE

MFPz

ERETF1

ERETF1
MFS

-

H+E

-

EAETFZ

MF'S
MP3
MF 4
EARETF1

MFS
MUYSM

ERETF1

ERETFZ
DAMISH

DIVSOR

DIVSOR
DIVSOR
DIVSOR
ERETF1
DVISH

DVISM:
MDVL 3

DIVCONT

Dvz
ERETF1

ASINGLE FRECISIOMN UMNSIGMELD MULF
AGET MULTIFLIER

SSTORE

AGET ADDRESS OF MULT.
SMULTIFLICANL

~UFDATE REUREN

SLOW ORDER FRODUCT
STO ME
#HIGH CORDER FORDUCT

SUNSIGNEDR S P, DIVIDE
ASTORE MSH

ZGET LSH

JSTORE

AGET DIVISOR ARDRESS

SRCTUAL DIVISOR
SCOMPLIMENT
’STORE

#/CHECK FOR OVERLOW

AOVERFLOW



SSYMSCN FALE-YT FAGE 15-1

FEAL
[:CH ERETF1
THD ERETF1
THD DIVSOR
SZL
LCH ERETF1 . N
CLA
L'z TAL ERETF
RAL
LCA ERETF:
Is:s DIVCONT
JHF Lvz
TARD ERETFZ AGUOTIENT
SHF ATO ME
THE ERETF1
CLL

JHE I LY ISH
CIvEoR, &
5}

DIVONT,
MDW1X, -15
CCHSH, a
LCA ERETFL ASTORE MSH
SHWF #GET LSH TO AC
CMA CLL CHML IAC ACOMPLIMENT AC SET LINK TO ZERO
SHWF JIF AC WAS ZERD
GLEK AGET LINK EIT
TRD ERETFL AADD TO MSH
CIA SCOMPLIMENT
JHF I DCMsM
DLDSHM, @ )
Crn ~CLEAR AA. MG
TARD I LS M /GET ADDRESS
DCA L HE
ISZ LS M AUFPDATE RETURN
LRG ADOUEBLE ACD TO A CLEAR AC, ME
é@
JhF 1 DLDSM
EUFRA=.
+EUFB+1285
DADSH, a
. DCh ERETF4 /ASTORE RC
TAD 1 DAGESM /GET ADDRESS OF LSH
CCAR ERETFz /ZSTORE
1SZ2 DARDSHM ZUPDATE RETURN
CLL :
. SHWF SSHAF M, AC
TRD 1 ERETFZ AZLSH(L>+LSH(Z?
SHF ZFPUT IN ME
GLK 7GET CAERY EBIT
152 ERETFZ ZMSH ADDRESS
TRD 1 ERETF2
TAD EAETFL AMSHCLX+MSH(Z?
JHMP 1 DADSHK 7DONE..
ASRkRSH, a

bCH EAETFL /ASTORE MSH



ASYMSCN

ASKSML,
ASRSMZ,
ASRSHZ,

DSTEM.

SAMSM.

~

DFICSH,

LCH
MEAR
LCH
152
182
THD
CCH
TARL
JHMF
a
CIA
CCH
cLL
MGAR
TRD
JHMF
&
SKF
CLL
IRC
SHF
SZL
IAC
JHMF

I

I

I

FALE-YT FAGE 415-2

EATF1
ASESHMYI  AGET SIGN EBIT
ASkESHz
ASRSH SAHUMEBER OF SHIFTS
. +5
ASRESH AUPDATE RETUEN
EARETF1
ASESHZ
EAETF1
ASESMz  AGET SIGN

AINTD LINK
EAETF1
ASRSHE  ARESTORE SIGN
ASESH
EAETF4 A#STORE MSH IN TEMFPORARY
DETSM AGET LSH STORAGE ADDRESS
ERETFZ

SHME TO AC. ME LUNCHANGELD.
ERETFPZ ‘
ERETFZ
DETSHM AUPDARTE RETURN
ERETFL ~MSH
EAETFZ ~STORE
ERETFL ARESTOR AC
LSTSM ~DONE

ACOMPLIMENST AC
ERETF1 ASTORE

SME TQ AC, ME UNCHANGELD.
EAETF1L AADD COMPLIMENT
SAMSHM SLONE

LSH TGO RAC.

DRICSH

v/

JEBE SURE L IS CLERR.
JINC. LSH.
SPUT EACK
SOVERFLOW
AYES. INC.

IN CRDER.
OF LSH INC. 7
MSH.
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#5675
a53676
ase?y
B5vea
Chrachl
B578z
Bovez
a57n4
B57B35
ah786
B5vay
as71o

n
oy
s
n]

D
)
=
o

B e
3314

L.

S384

1315

rads
5385
1zie
TolE
5385

I3z
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KN
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=
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4421
23285
rg =115
rzaa
2248
1z14
26406
7280
131z
rg-L1%)
Sz01

w
(g
I~
Ll

IFZERDO EAE <

IFNZRO

JDECIMAL TO OCTAL FRACTION CONYERSION ROUTINE.
STHIS ROUTINE IS OVERLAID
#IN THE NON ERE WERSION.

SHMARSSES

FiN

FRONYT,

FRONL,

FRCNZ.

FREXIT,

FREXTZ1,

ERE <

OVYERLAY

a

DCH
bCr
JME T
JHMF
TRD

SHA SZA

JHMF
THD
SFA
JHF
DCA
THD
THD
OCH
HLT
TRD
THD
TARD
ACHC
MUY
FRCFCT
MeAC
TAD
DCA
182
NLY??S
THD
SFA
JMP
Jns 1

- JMF

NOF
CLA
182
TRD
JHP I
CLA
TARD
SZAH
JHMF

1Ty

CLA

FALS-YF

0
=
v

+5E 40

FRNCTE
FRTEHMF
AGHC
FREXIT
Mri

FREXTL
H1i1

FREXTL
FRCFCT
FENCTE
FRNJMF
.+l

TENS
HLIND RS
THOUS

FRTEMF
FRTEMF
FRNCTE

FRENCTE
CLHA
FRCNL
ACED
. +&

FRCNYT
FRTEMF
FRCNYT
FENCTR

FREXIT

AN

BY THE DATA EBUFFER
THEREFQRE.

TO CHLL FRCNVT AS

~GET A CHARACTEER.

SANO MORE CHARACTERS.
AGT.
AN

FLCSO Y

/GE., EBCAYIT
#NC.

ACHANGED TO JUMF.

JRUT IN ME.

7GET ANSHER.

AFPREV. TOTAL.

/NEMW. TOTHAL.

FAAC==X

18T QR 2ZND» CHAR?
AYES. TEY ANOTHER.
/NQ. GET REST.IF ANY.

/END OF LINE.

ZINCREMENT RETURN.
/GET NUMEEFE.
/NORMAL RETURN.

ZANY
’YES.

CONVERSION?

NEW SETS
CANNOT BE ENTERED DURING A RUM UNLESS
STHE FROGEAM IS CHANGED
WHEN NEELEL.

FAGE 16

oF
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asv1l
asvle
BEPLz
a5vid
85713
ga3v1e
gEvivy

R
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1]
S
L)

w1

85744
Asvd45
aavd4e
As7v4v
Ba738
B3v51
B5752
a3vysx
asvs4d
BRE?PSS
A3756
aavsv
asves
B37e1
a5ve2
BE7RZ
B37ed
AS57YES
BIVEE
asve?
gs5vva
Bavy
asv
B3?vz
asvv4
B37vS

1
2

=J

2648
aguo
goag
aoao
ey
aail
B354
aas3z
aaod
Sze@

5323

BEAG
4?77
1424
4776
OI7S
Tdd5
X354
2824

477E
S2XVD
¥ars
44z
2354
rars
rd4as5
@113
rdz21
rddz
X354
7445
aoag
vezl

287

r416

P L LS GO LS Y

I N Y, T S Y

.

CCAP M O R R R
It TS IR PRI PRI . TR PRI PRI}

FRCFCT.,
FENCTR,
FRTEMF,
Mvi.
Ni1.
TENE,
HUNDRE,
THOUS,
FRENJIMF,
AGAHC,

SSUBROUTINE TO
JFOR NON-INTEGER

SETCAL.,

SETCH,

SETCZ,
RODADD,

iy

NORRET.

SETERE.

JHUF 1
3]

]

@

-7l
11
S54

=
wt e

aaed
JHF
GAC

o]
JME
TAE
JHMS
JHF
DET
TOTAL
182
CAM
TAEK 1
SZH
JHF
DLD
TOTAL
JHMF
DCA
TARD
IAC
JHS 1
JHF
DCH
DAD
TOTAL
oCH
MUy

I
I
I
S

- SFACT

ACHC
DRD
TQTHL
DT

&
CAN
ISsZ
SKF
JMF
1SE
152
ISZ
JMF
IsE
182
JMP 1

FALS-YT FAGE 16-1
FRCNYT AERROR REETUREM.
AREZZ-BRSE
SRESE—-ROood
FRONz+1
CALCULATE ROOD VOLTAGE SETTINGS

MASSES.

FRSETI

ADMASL

ACALIE
ETERE

ACMASL
ACMASL

SETCL

SETCE
SFRCT
SMASS

ACALIE
SETERR

MNMASS

NORRET
EOLADD
REOLDADD
ADMASL
SETCAL+Z
SETCARL
SETCAL
SETCAL

ASET FOINTERS
AGET INTEGEER MASES.
JCALCULATE SETTING.

AINCREMENT FOINTER.

AGET. FRACTIGNAL MASS.
JFRACTIONAL MASST
SYES.

SNO.

/GET INTEGER
SINCREMENT.
#CALCULATE M+1 SETTIMG.

MASS AMD

/MNEGHTE.

ASUBTRACT PREVIOUS

< VHLLUE.

+/NEGATE TO MAKE FOSITIVE.
JMULTIFLY BY FRACTIONAL
s MASS,

SPUT RESULT IN ME.
JADD IN LOMWER MASS
¢ YARLUE.

ShF. STORE

FSRONETY

SINCREMENT FOINTEER.

ANORMAL RETUREN



/SYMSCN ‘ FARLE=-VT FAGE 1&-Z

a5vve zz252 ACALIE. CALIE
B3v?PY 22&1 FPRSETI. FPRESET
$



/SYMSCN

ABORT
ABUF@
ACALIE
ACALST
RCHLCD
ACHLCU
ACHRCD
ACHTLF
RCHTRT
ACLBUF
ACMC
ACRDN
ACRUP
ADCMAS
ADEQ
RDEO4
RDMASS
ADMASA
ADMASE
ADPLTH
ADSET
ADSTOR
ADTIME
AFACT
RGAC
AINFL
RINTOF
ARINTON
AL INE
AMASSL
AMFPTR
AMSSET
ANPNTS
ANPNT1
AFENDN
AFENUF
APL
APLR
APLTFC
APLTF4
AFNUM
ARUERY
ARUES
ARDFIL
ARGCHR
ARNTIM
ASETT
ASK
ASTCAL
ASTINT
ATIME
ATINMS1
ATMSET
ATRANS
ATTFRI

2651
aaze
S7re
2357
B145
@146
a14v
@14z
@144
2166
ré4z1
8141
Bl4z
2256
Bzl
gozz
apzx
gaz4
2266
4175
2232
apzd
gaze
4575
arzs
gezy
aexe
agazi
agzz
aazx
aoz4
X@ez
gaze
2737
g14a
a1zv
aeazy
ga46
2vel
z2res
gadl
@6z
aa4z2
2161
a4z
2171
ag44
7415
ae35
aa4s
gede
2754
3864
aas1
pady?

ATTEDI
ARTTYT
EFLAG
BSET
EBUFEND
BUFLOC
BUFSET
BUF@&
CALBUF
CALIE
CALSET
CAM
CEUFF
CEUFF1
CHANGE
CHKSET
CHKSTI
CHLCDN
CHLCP1
CHLCUP
CHLC4
CHRCDN
CHRC1
CHTLFT
CHTLA4
CHTRT
CHTR1
CLOSE
CLOSE¥
CMASS
COMFPARER
CONF1G
CRDN
CRDN1
CRLF
CRUF
CRUPL
CTR
CYCLE1
CYCLEZ
DARD
oCM
DCONST
DCONTI
DECO
CEQ4
DIVIDE
DIVIDI
DIVIi
DIVIZ2
DIVIZ
DIVNUM
DIVSET
DLD
DONE

anse
2773
16X
az44
217z
ansz
2ar4
caan
z2z2@d
2252
ragag
rezi
agsx
2215
26235
4464
217z
4273
4z241@
4z0z
4z@1
4311
4217
4255
426X
4264
4272
aeae
aas4
r4aa
4147
21&é4
4227
4245
2756
4246
4254
4372
2101
218z
r44=
rara
Kqy505)
212
Szaa
S2aa
X617
agass
IES57
I66n
2661
aase
2441
FEED
2344

FARLE-VT

DFIC
DSFF
DT
DY
ERE
ERETF1
ERETFZ
END
ENCCHK
ENDCKI
ENDCL
ENDCE
EXEC
EXECH
FRCT
FRACTOR

FCHANG =

FCHRET
FIT
FRCFCT
FRCNVI
FRCNVT
FRCNA
FRCNZ
FREXIT
FREXTL
FRENCTR
FRNJMF
FRTEMF
GHC
HOELCOK
HDRELK
HISET
HUNDRS
INFL
INTDIF
INTOF
INTON
INTONL
K17
Kz4@
Kz4a

‘KT

LINE
LMASS
LOAL
LOCHMAS
LOCTIM
LOSETI
LOWSET
LFOINT
LSK
LSTMAS
MASC TR
MASDIF

arzz
orig
D32z
IDED
gaecd

ey

2a
(517
2254
2406
2414a
242€
2476&
2477
2506
24735
SeBa
8eesS
1&6@a
BOEE
6ae’?
2242
23R
2164
417
2335
aari

255

2
b=
4

=
-
f

&

FAHGE

MASS
MASSET
MCHAMG
MCHAL
MCHAZ
MCHA4
MCHRS
MCHAE
MCHAY
MCNTEL
MEE
MEFF
MEM
MEN
MERRCOE
MESS
MLEN
MMMASS
MNUM
MON
MERC
MEAR
MSET
MSI
MSIC
MsLOOp
MsQ
MSSET
MSSETI
MTEE
MULT
MULTI
MULTE
MULTL
MULTe
MLy
Miz&as
Mi7Sa
Mzol
MZST
M3

MSE&
Meaaa
Mri
NELCOCK
NCHANG
NCHEET
NLab&al
NLagagz
NL&agax
NLa&ag4
NL?F7FD
NL?P?PTE
NLF?P?PT
NMASS

17

6246
256z
2665
ZEEE
27
2714

Loy}
-4 -

274a
2746
276X
2rez
2rra
2ver
2766
2546
27ré4
aerz
aae=
aar4g
a4
rral
rral
2427
EZ64
EZEZ
2114
&xre
2468
21z
276S
662
Bavrs
I7E6
IE&ST
IEEE
r4as
2175
2174
2141
FBEE
148a
aavra
3142
S71S
213
2655
cE6&Q
rxel
rX@an
29
@7
46
"z44
46
aare

1)

J =3~y
1)

..,
3.



SSYMSCN

NORRET
NENTS
NFNTS1
NFQINT
NSET
NSHMQOT
NSMOTI
NTIME
NUMMAS
NMORDS
NXTIME
NXTHMAS
Nii
OFENR

ODFENRX

OFPENNW
OPENWX
FENDN
FENUFP
FEN1
FENZ
FENZ
FL
FPLIST
FLOTA
FLOTDE
PLOTDX
FLOTDY
FLOTIN
FLOTHMY
FLOTNA
FLOTNI
FLOTNX
PLOTNY
FLOTPN
FLOTFT
FLOTPX
FLOTPY
FLOTP1
FLOTT
FLOTTR
PLOTT1
FLOTTZ
FLOTTZ
PLOTHT
FLOTX
PLOTZ
FLOT1
FLOTz2
FPLOTZ
FLOTH
PLE
FLTBUF
PLTFCI
FLTFCT

PLTFC1
PLTHT1
FNTLEN
PNUM
FRESET
FRSETI
FTEUF
FTEUF@
FTEUF1
FTCTR
FTRS
F1285
Fi7E@
Fz@
Fze1
P3

P31

P4
P4IN
P74
P7PEe
QUERY
QUES
RAD
RCGCHR
RDFILE
RDF1
RDF2
RDKYED
RDK1
RDTTY
READ
READX
RESCAN
RESET
RLOOF
RODADD
RODADI
RODLOC
RODSTT
RODYLT
RSTAC
RUNTIM
RUNTHL
R1

SAM
SCHANG
SDIFF
SET
SETCAL
SETCAL
SETCAZ
SETC1
SETCZ
SETDON

3464
4286
aiee
az4zx
236l
arrer
glie
4386
4367
aias
Ieoa
Jele
4578
3ged
3546
2250

aia4

2251

3162
2448
3564
X547
51180
CELL
4356
4322
4326
4353
z66E
2616
25681
@412
p111
20EE
2154
4424
576z
2372
g11z
8113
7308
4224
3417
3423
5541
7457
z7an
2771
3616
5724
2262
2274
5743
5761
3053

FALS-VY

SETERR
SETFLG
SETz
SFARCT
SIGN
SIGNCL
SIGN1
SIGNZ

CSIGNX

SINTRF
SKMI
SKMQO
SHMALCD
SMASS
SHMLOOF
SMLl
SMLz
SMOQTH
SPF
SFF1
SPF2
SFF=
SFF4
SFFS
SFLTEY
SFTEUF
START
STINIT
STOF
STORE
SYTGLY
SWF
TALMAS
TROTIM
TCHFANG
TCHCKI
TCHECK
TELRD
TEMFAL
TENS
TERMIN
TEXTL
TEXTi@
TEXT4Z
TEXTLS
TEXTLE
TEXTZ
TEXTZ
TEXT4
TEXTS
TEXT?
TEXTE
TERTS
THOUS
TIME

@14
2eze

2rra
KX 31
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a1z
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4376
zZoe
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2@5
31X
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TIMSET
TIMSTI
TIMST1
THASS
TOTAL
TOGTIME
TOQTSET
TEANS
TRETIME
TTFRI
TTRD
TTRDRI
TTWI
TTYCR
TTYIN
TTYQUT
TTYT
MAIT
WAITL
WHITH
WAITL
WAITZ
WCOUNT
WRITE
WRITEX
WETDAT
WRTFIL
WRTNUM
WTDATHA
WTDATI
WTFLAG
YNEG
ZROFIL
ZROFLI
ZR1
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147z
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a464
@1xx
351z
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2335
314=
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256X
eer
a1xé
are
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paase
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AQESE
apEsz
BeasSd
BRASE
ganse
aepsy

agae
aaan
aaaa
4848
gadn
2111
peal

eaan

aeaa
aoge
gaRn
3277
3827
¥51a
Baaa
gaaa
go66
agaa
aa6e
aaca
gana
&X086
3875
gaaa
paaa
Raea

TerY

FRLE-YT? FARGE

ny

SSIMPLT.

ATHIS PROGRAM FREFARES NORMALIZED FLOTS FROM DATA FILES
JCREATED BY THE "SIM" SCAN FROGRAM. IT USES THE STHANDARD
ASYSTEM 156 PROGREAMS. THIS VERSION REQUIRES A FDFSAE. QR

J8S°M BUT INCORPORATES EAE SIMULATOR ROUTINES FOR

ASYSTEMS WITHOUT THE KES-E EXTENDED’HEITHMETIC

JELEMENT., EHE. FOR SYSTEMS WITH ERE. DEFINME ERE=1 TUO
<“RSSEMELE A PROGRAM USING THE ERE

’

AFLIST CONTROLS LISTING OF THE S. 1. PLOTTER RQUTINES

J1F NOT DEFINED ¢ OR SET EGUAL TO ZERO » THE FLOTTER ROUTINES
AARE NGOT LISTED. IF SET NONZERG. THE PLOTTER ROUTIMES ARE LISTED
o

IFNI'EF PLIST <PLIST=8>

&
I

MEeR=FFal
LINE=&221 -
SHF=7321
CARAM=7&2
RAOD=171
MRL=F421

#2H

ALINE. LINE
AFL. FL
AINFL., INFL
Maia, -1b
THP4. a8
THFEZ., a
THRZ. I}
THF4, @
ELEL. 484
F4m, 44

ASTORG, SETORG
OFENR¥., 681
ORGNUM, @

TRADD, @
&
AESYRG, @

AHDRFL, HDRFLT
ARTORG, RTNORG
AMSADD., 7516
FASS.
FRSFLG,
HYMASS,
MSHTCH.
INTRYL,
MASNUM,
CRTMAS,
FEx0a,
RDINTX,
NFTS,
EGINT.

NERREAEPHARIRIQIQD AR

LWINT,
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gaese VPP IPeT

aB@el @@  SFCADD, @

pa@pez @@e@ RESET, @

geEeEx 2818 AYFLT., YRGC

aaesd x@@7 AXFLT. XRGC

pRBES GAEE FENUD, ©

@a@se 2357 ATRENON, TRNON

atee +16@

/GENERALIZED PLOTTING FROGRAM. ALL MEASUREEMENTS - IN TERMS
AO0F PLOTTING INCREMENTS (. @4-S>. NO SCALING DONE EBY FPLOTTING
SFREOGRAM '

AYARIABLES
aeiga @epn X, o
paigl  Gose Y. @
aaiwz @688 FACT, @
NUIE,
LL.
pgaiex @oea@ SADDR, @
Ld,
aalad4  aopo THETAH. @
LXADDK,
@aalas e@pn S, 6
LYARDDE,
palase @age DX, B
LK,
galey Besg KMIN, @
DTIC,
fEl11e goeoa LN, 4
gal1i1 geea IX, @
gaiiz Gaee IY. @
aa1i1z @gBa  Ax, @
agaiid aess  AY. o
@115 ©QeRe EBX, o
@0l1l1e ©BaBB BY,. @

ZLINKS AND FOINTERS

gaii? d4ze@ ADPLOT., FLOTH

8@iz@ 4486 ADFFTCH, FPFETCH
@aiz2d1 48542 ADSEAL. SUEBALF
Balzz2 431@ ADMULT. MULT

@a1zz 4448 ADNEWB, NEMWE

geiz4 4687 ADLTR, LETTER

asiz23 d4vze ADRTAT. ROTATE
a81zé 4687 OUTFUT, LETTER

SCONSTANTS
Balzy 8877 N°?P7, 77
8p1z@ ?veiL M7V, -77
Be1x1 @@a3 NS, 5
g81z2 @611 Ni11, 11
88122 8144 Ni44, 144
@a1z4 7?74 M4, -4
Br135 7776 M2, -2
8aiz26 7?7vS Mz, -2
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aaey  *&7V
B@AeY 6842 APENUP, FENUF
Reavea €856 AFPENDN, FENDN
aaavl  eB&3  ACRDN. CRDN
aggvz 6874  ARCRUF, CRUF
@eavx 6183 ACHTLF. CHTLFT
aaey4  e&112 ACHTRT, CHTRT
gapyd  ez288 ACHLCU, CHLCUF
aaeve 6287 ACHRCD. CHRCDN
agaeyy Se646 ADIMOVE. IMOVE
B81x?  #1E7
2a13v 8412 RERDX. 412
gaid4l 180 WARITX. 1o66
aa141 2351 ASTHMSP, SETHMSFE
egpld4e 26Ve FPTMASC, FLTHMAS
vel142 €832 APLOTW, FLOTHT
ae144 pagea  CDPMASS, @
ag145 @aag a
fgal4e @237 F237, 237
aBi47 23748 HMEBLEL, -4840
@al158 ?PP6xX  NSMOOT, -41S5
@B151 S48 SMTHx, SMOOTH
IFNDEF ERE {ERE=8@0 >
IFZERO ERE <
SWARE=Y @88
EARETF1, @
ERETF&, @
DET=JdMS 1
DSTSH
DLD=IMS 1
DLDSM
DAD=JIMS 1
DADSH
OVI=TMS 1
DYISH
DCM=dMS 1
DCMSM
MuUY=JMS 1
MUY SH
LSER=JMS 1
LERSM
SHL=JMS 1
SHLESM
DFSZ=JMS 1 .
ppezsm >
IFNZRO ERE <
7421 SWAB=74Z31
7445 DET=7445
TEEX  DLD=7FE6X
Y44z DARD=744Z
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/SIMFLT. ‘ FPHLE-VT FRGE =
2aaa  *zaga

gzess eeaz 10F

gzee1  vez21 CAM

gzavz 4432 JHs 1 ASTORG ASET ORIGIN

82882 4541 JME I ASTMSF

Azaed4 4424 JHE 1 AFL

@az2ee3 z2z4@ MESAL : '
@z@pe @68\ 2 ’FILE !
82807 4422 JMs 1 RINFL

Bzele €384 6xe4 ATURN FLOTTER COFF
82811 60661 ION

82812 443X JMS 1 CFENRX

@281z 6221 LINE

a2814 6300 ezan /OFPEN FILE

62815 v482 HLT /NO FILE

gzeie V201 CLA IAC

gze1v 3034 DCA ORGNUM

82828 1171 * TRD FERDD

@zez21 2835 bCA TREADD

azazz 1ive TARE RADD+1L

pzezx 28326 DCH TRADD+1 ASAVE STARTING BLOCK
@zaz24 2837 DCH AEBSYRG ARBSOLUTE ¥ ORIGIN
@gze25 4771 JMS 1 ROHDRX

azez26 1370 TAD M4g

bzp27 2824 DCH THFP4

gzaze 1i14¢ TRD P2y

@2031 2825 DCH TMFPz AFIND END OF TITLE
8z832 1425 TAD 1 ™MFz

820332 1147 TRD MELEL

a2834 76406 SZR CLA

B8z2835 S242 JMF . +€

@z836 2624 1Sz THFL

02837 v24@ CLA CMA

gze4@ 125 TRD TMPZ

82841 x@25 DCH T™™F2

2842 S232 JMF . ~1@

02843 4440 Jns 1 AHDRFL  ZFLOT TITLE

@z2044 1042 TAD RMSADD

82845 3365 DCA FzeTi

82046 4441 JHS 1 ARTORG

Bz847 3842 DCA FRSS

626508 X844 bCA FRSFLG AZSET IN SEARCH MODE - FIRST TIME DLAG
@z2851 7240 CLA CHA

gzabz2 2845 DCR H¥MASS ASET NGO MASS FLAG
82853 2463 DCA 1 AYPLT

8z854 78061 IAC

B2855 3464 bCA 1 AXFLT

a2856 Sz26@ JHF . +2

8z2e57 4?71 FNDFLT, JMS 1 ROHDRX ZRERD HEADER ELOCK
@ze60 1776 TAD 1 Azd44

@zee1 1372 TAD MSDTNX

Bz@ez2 2027 DCA TMF4

@262 3046 DCA MSHMTCH

Bz2B64 1427 TRD 1 THMF4

az2@65 z@27 DCA TMF4
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B2866
B20867v
62870
gz2e71
gzavz
@207z
B2074
@z2evS
@z2ave6
g2877
82100
82101
gzi62
@210z
gzi104
82183
B21086
az2187?
@2118
az111
gzi1z
82112
az2114
82115
gz2i1e
gz2117
@z2128
gziz1
gz122
@2122
az124
@z2125
gz2126
g2127
82128
62121
82122
82132
82124
82125
82136
82137
a2140
82141
82142
82142
82144
82145
Bz14¢6
@2147
821586
82151
82152
82153
82154

1427
2366
1266
vigd
20847
1366
7a41
38z¢é
X856
zezy
1845
r64a
5217
4777
7841
2850
1851
ve5a
9257
zazv
282¢
S5z28:z
v240
3846
52357
4777
@25
2858
i1@42
20824
i1xve
851
1424
7ad1
1825
vedo
9237
z2ezvy
2eze
5217
5767
2824
2831
5326
1825
28351
2846
28435
raal
aa4z
ve58
53254
1@51
4542
18351

NOMSCR,

NOMSCL,

TAD
DCA
TAD
CLL
bCA
TAD
CIA
DCH
DCA
182
TR
SZR
JMF
JMS
CIR
I1s2
TAD
SNA
JMF
182
182
JHF
CLA
DCA
JHMF
JMS
bCA
182
TARD
DCH
TAD
DCA
TAD
CIn
TRD
SZA
JHF
182
152
JHF
JHF
182
Is2
JMF
TAD
DCA
DCA
DCA
CLA
AND
SNA
JMF
TARD
JHS
TAD

I

RAL

CLA

CLA

CMA

CLA

IRC

CLA

FALE-VT FHAGE =-1

THF4
F2aTZ
F2aTz

INTRVYL
FzaTz

THFZz
MASNUM
THF4
HYMASS

NOMSCR
CDFMASS

MASNLIM
CRTHMAS

SETFLG
THF4
MRz
. -1ia

MSMTCH
SETFLG
(DPMASS
TMFZ2
MASNLIM
AMSADD
THMF1
M4e
CETMAS
THMF1

THFZ

. +5
TMF4
TMFZ
NOMSCR
AMNMKF
TMFL
CRTMAS
NOMSCL
MRz
CETHMAS
MSMTCH
H¥MASS

FRSS

L+

CRTMAS
FTHMRSC
CRTMAS

/¥ OF FOINTS IN SET

/GET FLAG

/N0 CURRENT MASS

/ADD CURRENT MASS
/MASS=CURRETN MASS?

/SET NO MATCH FLAG

/FPREFARE TO TEST IF ALREADY

/ALREADY EBEEN DONE

/NGO MASS NOT [ONE

ZLOOK AT NEXT ONE

JSTOURE MASS AND FIX FLAG

DONE
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B2133
B2156
Bz137v

Bzlen
azlield
Bzlez
azle3
@zie4d
#2163
Bzlee
Bpzie?
gzive
gzivd
gzivza
Bz1vz
Bziv4d
82173
azive

Bz1vyy

aaaa
aaoa
2288
rrda
8en
2172
@245
@z2ve
azzv
Bz244

2366
22686

SETFLG,

eRT.
FaaTea,
AUNMXF,
M4,
ROHDE X,
MSDTNX,

Rz44,

r” f"

FAGE

oCR 1

CLA CHA

TAD

CLL RAL
TAD

DCH

JHP 1

5]

(5]

2288
-4&
RDHECER

245
oTE
227
244

FALE-VY
F=aTL
FzaTi FSECOND PRES
MASNUM
Fezae

SPCADD
RMNMXF

FAGE

I
8
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azzoa
gzza1
azzaz
azzex
gzze4
azzB85
gzzoe
gzzay
azzip
Ggzz11
azzie
221z
azz14
Bzz21%
pBzzle
Bz217v
Bnzzza
pzzz21
bzzze

m2227
B2230
mz231
@223z
B2233
82234
82235
82236
62237
B2240
B2241
B2242
@224%
B2244
62245
B2246
82247
82250
82251
p2252
82253
82254
82255
82256
82257
82260
a2261
B2262
82263
62364
82265
\

1a@e1
Izev
4551
1187
redd
5281
TEEZ
aaan
7Sva
7442
@35
Fg=1:1%)
326z
rezl
1661
xz2ef
7662
aoea
74435
8855
7EES
aasry
vavS

FRENZE,

SLURYEY,

BGCHK,

LOWCHC,

JHS 1

CLA IAC

RANL
DCA
CAM
SWAE
TALD
SHWF
D41
INTREML
SHWF
CIA

.DCA

CAM
TARD
TAL

SZA CLA

JHF 1
TAD
DCH
THC

SZ2A CLA

JMP 1
CAnM
TRL
bCA
TAL
DCH
JHMS I
TRE
DCAH
TRD
DCA
Jms I
TRE

SZA CLA

JMF
DL

@

DCH
DD
BGINT
SMA -
JHF
CAM
TAD
DCA
DLD

@

DST
BGINT
DLD
LWINT
DCM

FALE-Y7

FEOINT =

FASS
FASE

Fizes

NFTS

HYMASS
MEMTCH

RSKEFRL
N&MOOT
DX
FARSS

AFLTIT

SFCADLD
RESET
NFTS
NFTS1
AFRSCL
SFCRDD
EGCHEK
SECARED
LOCHK
SMTHX
XMIN

DONECK

LOWCHC

SFCAROD
Lt

AFPASS =0

FAGE 4

ZNOT AN OFERRTIVE FASS

’PASS=1L - FLOT

’TEST

/NO

GaoD
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gaaa
Aedd
1465
rrda
azia
ai1é
BRPaS
4@24
az1¢é
1285
afofays)
1235
EEg=1

LOCHK.

DONECK,

INCELF.

EREF L.
REELKZL,
ARFLTIT.
ASRERL.
RFPzZETZ,

NFTSH.

Fz2zT1.
MESA,

MESE,

Fizas,
SETHMSF,

DAL

&

SHFA
JHF
CAM
THD
DCA
DLD

15

DST
LMINT
CHM
162
JHF
JHS 1
JMS 1
THL
DCA
JHF
TRD 1
CIA
DCA
CAM
162
152
18F
SKF
JHF
TR
DCA
DLD

@

SHA
JHF
IMF 1
EQRECF
ECELOK
ZE@E
z4@m
FoETs

a

a
aed4
14635
rrdg
azi@
g141&
ares
4Aazi
851&
1285
a
TARD
DCAH 1

FALE-VT

DONECK  #NO GOOL

SFCRDLD

.+

NFTS4

. +E

AEELKL FECE
REINTH

RESET

SFCADD
SURVEY-3
AFPZETE

FaaT1
SFCADD
SFCADD
FazT1
SURVEY
SPCADL:

+2

INCRELF
EREFx1 AJECOR OF EOF

‘FILE

ZCHANGE FEN

Zzeea
AxMSCL

FAGE 4-1
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JMF I TRNON
FLOTON, &382
APRSCL. PRESRC

@zx54 5731 JHF 1 SETHMEF
@23255 zZpep  Zzgen, oo

23536 2¢v32  HAXMSCL, YMSCLE

257 oeea TRNON, @

Azxeld  1Zzed THL FLOTON
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B2Xez e CLH

Bz2IeX 5757

az2zed4  £3682
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22488
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g4z
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gz484
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*24 88
SRVYEY1,

SRVEYZ,

NFTSZ,
ARGCL,
EGRECQF.

REKZ2TH.
ENDFIL,

-

CLA IAC
TARD

BCR

THLE

oCA

THE 1
SFH
JHF
CLHA
THE
SNFA
JHF
IAC
JHS
g
TARD
THD
LA
152
JHF
JHs 1
JHF

51
rGCPLT
TR
SHA
JHF
TAD
ECH
THD
TARE
12
NOF
THD
SiA
JHF
CLA
THE
SHA
JMFP I
TRD
TAD
DCH
SNL
CLA
TAD
LCH
JHF I
FNDFLT
TARD
SNA
JHF
TARE
SNA

CLA

[ 22

CLH

CMA

CLA

<)
~
. i)

FEIa@
SPCADD
NFTS
NFTSZ
SPCADD

EOREQF
FASS

. +4
ARGCL
SFLALD
INTRWL

SPCADD
NFTSZ

SRVEYS

RODINT X
SEYEYL

FrE7

ENDFIL
MS
NFTSZ
SPCADLD
MEZEE
NFTSZ

Mz g1

. -4
NFTEZ
REKZTH
RACD+1

MFTSZ
RACD+1

RADD
RHADD
AEKETH

HYMASS

STLLOT
PASS

2-VT FAGE o
¥ OF SETSA/ELUOCK
SFOUND EOR OR EOF

SSET FPEN UF

SSET Y=g L MOVEMENT ¥ FEN UF

-

SNEED MEW BELOCK

FEQE

ASET RETRERT TO 5 BLOCES

SCOMPUTE # 70O RETRERT

ANO MASS - CHECK FARSES
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Bzd4ee  S27e JHF ENFSL AEMD OF FAZES 4
azd4ev  sze4d EZ84

az476  e@Bl ION AEMD OF RUN ROUTINE
Bzd471  37VVZ JHF I EXECH
a4y 284X ENDPSL, I&2 FRSS JSET TO PRSS 2
gz47x 4758 JHS I FLEHIT AFLUSH MASSES DONE EUFFER
az4v4 TFeex DLD

a2d47ys  BESY LWINT

@zd47e V75 LCHM

gz47v 7445 DET

23868 @asy LWMINT

g2581 VEEeX LLD

Az382 @855 EGINT
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Computer programs have been developed for a PDP8/e controlling a Finnigan 1015
quadrupole mass spectrometer to monitor selected ions from components in a

gas chromatographic effluent. The program is designed to monitor only a few
ions (1 to 8) to enhance the sensitivity for the selected ions. Signal-to-noise
levels of 10:1-30:1 have been obtained for 0.2 ng or less of four pesticides
employing chemical ionization mass spectrometry and a digital smoothing routine.

This report was submitted in fulfillment of Project Number 16ADN 28, Grant
Number R-800909, by Battelle Memorial Institute under the sponsorship of the
Envirommental Protection Agency. Work was completed as of June 30, 1973
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