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A PROGRAM FOR MASS SPECTROMETER CONTROL AND DATA PROCESSING
ANALYSES IN ISOTOPE GEOLOGY--WRITTEN IN.BASIC

FOR AN 8K NOVA 1210 COMPUTER

By
J. S. Stacey
U.S. Geological Survey
and-
J. Hope

Bernard Price Institute of Geophysics
University of Witwatersrand
Johannesburg, South Africa
ABSTRACT
A system is described which uses a minicomputer to control a surface

ioﬁization'mass spectrometer in the peak switching mode, wifh the 6bject
of computing isotopip abundance ratios of eiements of geologic interést.
The program uses the BASIC language -and is sufficiently flexible to be
used for multiblocﬁ analyses of any spectrum cbntaining from two to-five
peaks. In tﬁe case of strontium analyses, ratios are corrected for
rubidium content and normélized for mass spectrometer fractionation.
Although almost any minicomputer would be suitable, the model used was
the Data General Nova 1210 with 8K memory. Assembly language driver

" program and interface hardware -descriptions for the Nova 1210 are

included.



INTRODUCTION
This program was written while J. S. Stacéy was visiting the Bernard

Price Institute of Geophysics at the University of Witwatersrand in Johannesburg,
South Africa. Although there was not sufficient operational time available
to incorporate all possibie levels of soph{stication,.the program does offer
a very flexible and comprehensive package which could be used by almost any
'minicomputer; .This article‘may therefo}e be of interest to people in other
isotope geology laboratories. The main concepts were developed over a period
of several years at the U.S. Geological Survey's laboratory in benver, Colorado,
using a variety of instruments and computer systems and we particularly wish to
acknowledge the work of R. Terrezas and E. E. Wilson in fhis regard. The program
described here is, however, the first we have written in BASIC language--which
is well suited for laboratory use. Changes in BASIC are very easy to make and
the format is easy to understand. The version of BASIC used "BASIC with CALL
package," was writteﬁ for the Data General Nova 1210, by Perseus Computing and
Automation (Pty) 1td., P. 0. Box 3987, Pretoria, South Africa. It facilitates
communication between BASIC and Nova's assembly 1$nguage and considerab1y
simplified the writing of the driver program to control the mass spectrometer.
The program will handle any spectrhm containing up to five peaks in a switching
mode. Included therefore are analyses of uranium, thorium, rubidium, lead,
and strontium. In the case of strontium, corrections are made for rubidium
and the ratios are normalized for fractionation.

: " Features which could easily be incorporated are "peak top and baseline
filtering" and the facility to reject data during an analysis (Stacey and others,
1971; '1972). Sensitivity range switching for tﬁe vibrating reea electrometer

could easily be added if desired.



Actually, gince this report was initiated, the program described here
has been further developed and adapted to run on the Hewlett Packard HP9830
calculators now used in Denver for mass spectrometer cont}o]. Some simp]ification
has resulted by writing the strontium option as a separate preram from that .
for the other elements. The new listings are available from our Dénver
laboratory.

These new programs have retained the structure of the original program,
gnd rather than outmoding thé material in this report they serve to emphasize

its fundamental simplicity and flexibility.
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MASS SPECTROMETER CONTROL SYSTEM

The mass spectrometer at the Bernard Price Institute of Geophysics is
provided with magnetic field control by a Bell Inc., type 640, incremental
gaussmeter. 5 independent peak channels are offered by 5 potentiometers.

Each potentiometer can be selected separateiy by its own relay operated from
the computer. Two other potentiometers are provided so that magnetic field
offsets can be adjusted for all peaks simultaneously. These offset positions
are selected by two relays and correspond to "baseline below peak" (offset
reduces field), "on peak" (zero offset), "baseline above peak" (offset increases
field) respectively. The circuitry arrangement for this is shown in Appendix

D. Altogether, a total of 7 relays are driven from the computer--5 for the
peaks and 2 for the offsets.

Analog signa]é from the Carey Model 31 vibrating reed electrometer
(1 volt for full scale), are measured by a vﬁ]tage—to-frequency converter
and.counter‘combination (Hewlett Packard HP221“B and HP5326A respective1y). -
Normally signals are integrated over a periodvbf one second. Therefore almost
once per second the computer is required.to read é six-character BCD measurement
from the counter. The A-register on the Nova general purpose interface board:
is a 16-bit device and is arranged to read the 4 Teast significant digits.

The 2 most significant digits are read by 8 of the 12 bits of the B-register.

The C-register forms the “interblock print-time counter" which counts the
number of measurements made by the counter(that is, the number of seconds taken)
during data printout between blocks in a mass spectrometer analysis. Both the

B and C registers were assembled on the Nova general purpose interface board.



FUNCTIONS OF THE PROGRAM

: . five
Any type of analysis involving up to/ peaks may be made. Therefore

. analyses of U, Th, Rb, Pb, and Sr are included. In analyses where three
or more peaks are measured, #3 peak is always the reference peak--that is,
all ratios are measured with respect to this peak. Thus,in a lead analysis

;206

for instance, P may conveniently be assigned to #3 channel and the |

others as below:
204Pb to #1 or #2 channels

206

207

208

Pb to #3 channel
Pb to #4 channel
Pb to #5 channel

For strontium analyses it is important to assign the isotopes as

85

indicated below because of the ““Rb correction and the normalizing

computations.

84Sr to #1 or #2 channels

85Rb to #2 or #1 channels

86
87

Sr to #3 channel
Sr to #4 channel
885r to #5 channel

In strontium analyses the 85Rb correction peak is measured only at

the beginning and end of each block--as are the baselines for each of the

peaks in the spectrum.



A block comprises baseline measurements for each peak taken below
only, above only, or above and below each peak as requested by the operator.

For strontium analyses the 8

Rb peak is then measured with its “be)ow'
baseline. This is followed by measurement of the main peaks switched |
~ through in sequence as many times as has been requésted by the operator
at the beginning of the analysis. In strontium analyses, after the main

85Rb peak and its baseline are measured and the block

peak switching, the
is ended with a final set of baselines for each of the main peaks in the
same éequence as at the beginning of the block.

If more than one block is to be measured, then while the teletype is
printing ratios at the end of a block, the C-register built into the interface
keeps track of time. Time is clocked by the number of measurements made
by the main signal measuring counter Eat the rate of one per.second in our
. case). Time for the printout between E]ocks is read from the C-register
and is added to the total time elapsed at the start of the next block of
data. This enables the baselines at the end of the nth block to be used
as the first baselines in the (n + 1)th block and so on throughout the
analysis. '

The time spent on each peak (that is, the number‘of measurements made
at one per second) can be different for each peak, as also can be the times
(skip times) allowed for switching transients at the beginning of each peak.
Each baseline measurement is given 8 seconds 1ongek than its own peak
measurement énd 2 extra seconds are skipped-to allow switching transients

85

to fully decay. Similarly, extra periods are given for the ““Rb peak over

87

those ascribed to the ~'Sr peak.



As far as the computer is concerned there is no limit to the time which
can be requested for a peak--but blocks may not consist of more than 10
switching cycles through the main peaks and an analysis may not cumprise
more than 10 blocks.

Between blocks, individual ratios and their times are printed, as also
are their means and standard deviations. The dafa are filtered by rejecting
ratios more than 2 standard deviations from the mean. .The rejected ratios
and times are printed, fol]owed by the new mean and standard deviation. The
process is repeated until no ratios remain outside the 2 sigma limit.

At the end of an analysis a table is printed of all the mean ratios for
the blocks and the table ends with the final means and standard deviations
for the whole analysis.

For strontium ana1ysés, rubidium corrections are made for each block.
Because of memory storage limitations with an 8 K memory--only one normalized
87Sr/865r ratio is computed for each block from the mean 87Sr/863r and 88Sr/865r
ratios (86Sr/88$r is set to 0.1194). No spiking calculations are included -

in the program when the sample contains 84

Sr..
METHOD OF COMPUTATION
Baselines for each peak are stored as straight 1iné$ (sTope and intercept,
My and.cb respectively). These lines join the mean of the measurements at the

beginning and end of each block. They have the form
Yp = mbt + o8 .

Peak height information is-also stored as straight lines (slope and
intercept, mp and cp respectively). These lines join consecutive measurements
of the same peak and are represented by

= +
yp mpt Cp-



Peaks are corrected for baselines simply by subtracting the slope and

intercept parameters in the following manner,

I = lt+ !
YpTMpt "
| -,
where m p - mp - m
|- -
and ¢ b= cp Cp - |
In a strontium analysis,a similar procedure is used to correct the 87Sr
peak for the 87Rb, based on the Tine parameters computed from the 85Rb
measurements,
Y'gy = m'gst * clgg
‘m
o _ .87
where m 87 = 987 553
c
! = -.._:1.5_.
and C'g7 = %7 " 7.59 -

In each switching cycle a ratio is computed for each peak relative to

the reference peak. Thus:
y (tref)

Mter) = Tt )

ref' ‘ref

- m{p(tref) * Cip
m (tref) e

‘ref ref.

An additional ratio for each peak. relative to the reference peak is

computed at the occurrence of each peak.
yp(ty)

r(t.) = —IL—%L—j-
P Yref tp '
_mptEp) * e

. m‘ref(tb) * C'ref.




If there are N switching cycles in a block, a total of 2(N-1) ratios
is obtained for each peak per block. This method of cbmputation helps to
eliminate the effects of curvature in the decay curve of the ion beam
signal, without the redundancy of computing all ratios at the occurrence

of each peak.



LOADING AND RUNNING THE PROGRAM FROM PAPER TAPE

Arter loading the CALL BASIC interpreter, press the STOP éwitch and
check that the data switches are set to X7777. Lqéd the assembled driver
tape called "PACKAGE.LDA" in the teletype reader and press RESET and START.
The dr{ver tape will be read into core. Restart BASIC via address 00002
on the data switches and load the main control program  "NEW" from the

teletype reader.

The following conversation should then take place between the operator

and the computer. Underlined parameters.are typed by the operator. Assume
‘ 84

we wish to run a strontium sample spiked with ~ 'Sr.
PKS? 4 | 4 main peaks in the sQitchinq sequence
7173?2475 Assign 84Sr to #1 channel

86Sr to #3 channel

87Sr to #4 channel

885r to #5 channel

TIMES

Total times per peak - including skip time
7207220720715

Assign 20 seconds to peaks #1, #3,and #4

Assign 15 seconds to peak #5
SKIP
24747473 Ignore first 4 seconds for peaks #1, #3, and #4

Ignore Tirst 3 seconds for peak #5

Total useful time per peak (TIME-SKIP).



B/L S? 0 Type 0 for baselines. to be measured both sides of peak
Type 1 for baselines to be measured below peaks
Type 2 for baselines to be measured above peaks

85

RB#? 2 Assign “"Rb to channel #2

If your reply is O the éomputer assumes this is not a
strontium analysis being run |
‘C/S? 5 | Any number of CYCLES from 2 to 10 may be requested here
BLKS? 5 Any number of BLOCKS from 1 to 10 may be asked fdr here

After typing RETURN the computer will begin the analysis.

10



MODIFICATIONS TO DEMONSTRATE THE OPERATTON OF PROGRAM

following '
the/1list of modifications below will enable the program to be run with

the ordinary BASIC interpreter and without the driver program. A set of
synthetic data will be generated having the following properties:

(1) Aﬁ] main peak heights will be measured as 11

(2) A1l baselines will be measured as 1

(3) The 42 peak will be measured as 3.59

When baselines are subtracted all peaks except #2 will have a height of
10 and that of #2 will be 2.59.

85 assigned to channel #2
If a strontium analysis is called with ""Rb / and the other peaks assigned

as described earlier, then the 87Sr peak will be corrected by the amount
(r2g) x PRb =1

Lo 87Sr corrected = 9

and 8sr/805r = 0.9, Bsr/875p = 1.0
and 84Sr/865r = 1.0 if a spiked run is asked for.

The &7

Sr/ Sr ratio will be normalized by sett1ng 865r/885r = 0.1194
The statements to modify the program are:

710 LET R8 =0
1

910 LET R8 =0

825 LET X

8095 and 8029 LET Y2 =0
876 LET L(I,Jd1) =
891 IF A(I)<>R GOTO 893
892 LET H(I,d) = 3.95

11



If you wish to observe the complete switching sequence for an analysis,
the following PRINT statements will print beak numbers and mean measurements
as the analysis proceeds: |
881 PRINT "881"; A(I); L(I,Jd1); M(I,J1)
896 PRINT "896"; A(I); H(I,J); Q(I,J)
Appendix B shows an input-output 1isting for a "strontium" analysis using

the synthetic data described here.

12



BASIC SOFTWARE DESCRIPTION
PROGRAM STRUCTURE

Line Numbers

Initializing 20 - 499
Dimensions, Set Counters, |

Zeros arrays

Data Acquisition

llINPUTII ‘ 500 - 698

Acquires sequence control data for

the analysis from the operator
(see p. 16 for parameter symbols)

“PEAK SWITCH" : 700 - 740
Subroutine - does just that.

"READ" v . 800 - 885
Routine~fof reading eounter | o

"RUBIDIUM" 906 - 950

Switches and reads rubidium peaks

"BASELINE" ~ 1000 - 1080
Switches and reads baselines
'Data Processing . -
“RB LINE" ]140 - 1190
Slopes and intercepts computed for
rubidium peak
* WBASELINE LINES" | | ~ . 1200 - 1298

Slopes and intercepts computed for

baselines

13



1450

"PEAK LINES" y 1300
Slopes and intercepts computed'and
stored for peaks

"RATIOS-REFERENCE™ ' , 1600 - 1720

Ratios for each peak with respect to
the reference peak computed at each

 time of occurrence of tﬁe reference
peak

"RATIOS-PEAKS" 11800 - 1870

A ratio for each peak with respect to
the reference peak is computed at each

of the times of its own occurrence.

3340

Headings printed for ratios; arrays 3120
loaded and printed

"FPRINT" | 3500 = 3960

[H

Means and standard deViations érinted.
Individual ratios then filtered by |
rejecting those with deviations more .
than 20 from the mean. Rejected ratios
and their times are printed. New méans
and os printed. The process is repeatéd
until no ratios 1ie outside 2¢ from-the

recomputed mean.

"NORMALIZE" . ‘ -4000 - 4040
' . 87._,86 ;
Normalizes the mean ~'Sr/ Sr for the
block, assuming 888r/865r = 0.1194.

14



"APRINT"

"MAINN

Headings and table printed for mean

ratios from each block at end of
analysis. Analysis may comprise ub

to 10 blocks.

Routine for controlling overall

sequence of program

15
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PARAMETER SYMBOLS USED IN INPUT SUBROUTINE

On the Nova coﬁputer BASIC software, all arrays contain a "zeroth"
position, and these positions have been utilized in our program to

save memory.

Thus, most counting parameters such as N, I, and B2

start at "zero" and are one less than their physical counterparts.

N1
N

ALI1

T[I1]
S[1]
Bl

C1
B2

Number of main peaks in the spectrum
is (N1-1)

Peak channel number for the Ith beak‘
Total time to be spent on Ith peak
Total SKIP time on Ith peak

Baselines to be measured "Below each peak" - Bl
"Both sides of each peak" BI
"Above each peak" B1

‘Channel number for rubidium-85

If R = 0, the analysis is NOT strohtium.
Number of switching cycles per block

Number of blocks (less one)

16
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COMPUTATIONS DURING DATA ACQUISITION

During data acquisition, all baseline and peak height measurements are
accumulated and stored as mean values of the appropriate groups of incoming
data--together with their mean times. They are stored as L(I,J1) and M(I,J]f
respectively for baselines and H(I,J), Q(I,J).respectively for peak heighté
and times (lines 875-895 in the program). Note that accumulation does not
Astart until after points to be "skipped" at the beginning of each group
have been ignored.

BASELINE AND RUBIDIUM CORRECTIONS TO PEAK HEIGHTS

After the acquisition of data for a block is completed, parameters
(sTope and intercept) for lines joining mean baseline measurements for
each peak at end of the block are cafcu]ated (M1 and L1, lines ]280? 1285).
Slope and intercept for each line joining consecutive measurements of the
same peak are computed as Q1 and P1 - lines 1320, 1331. These 1ast two '
parameters are corrected for baseline by subtracting M1 and L1 (Tines 1380,
1390) and stored as G(I,K) and H(I,K). I is the peak number (less one)
and K is the 1ine number(starting at K = 0). There are C1-1 lines for
each peak where C1 is the number of switching cycles within a block.

Rubidium corrections to 87Sr peaks are made in the same manner as
baseline corrections - at lines 1360, 1370.

* COMPUTATION OF RATIOS.

Ratios are calculated for all peaks with respect to the reference peak

the
at each occurr%?ce of the reference peak. (Usually/reference peak channel
that is,
number is 3-- / R2 = 2). These ratio calculations are made in subroutine

RATIOS-REF (1600 - 1620).

17



Within each switching cycle, another ratio for each peak with respect
to the reference peak is ca]cuiated--at the occurrence of that peak (RATIOS-PEAKS,
lines 1800-1870). o

In each of the above instances two cases arise, depending on whether
the peak number is greater than or less than that of the reference peak
(that is, whether I>R2 or I<R2). Consider calculation of ratios at the
reference peaks in subroutine RATIOS-REF. Let I<R2 so that‘R2=2 and I=1
as'in figurehl. Starting at the FIRST occurrence of the reference peak
(C1-1) ratios will be calculated at times Q(R2,J) for J=0 to J=(C1-2). The
peak line parameters H(I,J), G(I,J) for the I=1 peak and H(2,J), G(2,J) for
the reference peak are used in each calculation. For peaks where I>R2 (I=3
as in figure 1) the calculations are similar except that we start at the
SECOND occurrence of the reference peak. Thus, (C1-1) ratios are computed
at times Q(2,J1) for J1=(C1-1)

Subroutine RATIOS-PEAK calculates individual ratios at the occurrence
of the peaks themselves in a similar manner. (C1-1) ratios are computed for
each peak, the first ratio being calculated at the first or second occurrence
of that peak--depending on whether I>R2 or I<R2 feépecfive]y. ‘

From the two subroutines, a total of 2*(C1-1) rétios are calculated
for each pcak in the main switching sequence, with respect to the'reference

peak.

18 (p. 18a follows)
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"ASSEMBLY LANGUAGE DRIVER PROGRAM

three ‘ . )
ine complete driver comprises / subroutines labelled "START", "SIG",

and "BCNT".

START operates the peak SWITCH and baseline offset relays in the mass
spectrbmeter, under control of the main BASIC program. It selects the
relays to be closed from the statement: "710 CALL O, D, A[I]-1"in which
the '0' parameter calls SIG itself. The D parameter (value 8, 9 or 10)
determines the selection of baseline below, baseline above or peak top.
A[1] is the peak relay number. These last ;Wgarameters are read by the
assembly language statement GET. START then sets up the necessary bit -
pattern to operate the relays via the relay driver circuits in the interface
unit. .

The BASIC statement"825 CALL I, X"calls subroutine SIG and when thev
main counter is DONE, 6 BCD digits are read from the interface (4 from the
A register and 2 from}geregister). This string is transferred into the
BASIC program as a decimal number X by the statement 'PUTD'. The counter
is reset by SIG to perﬁit the next reading to accumu1ate'in the counter.
. When the final subroutine BCNT is called by“809§ CALL 2, 1vthe interblock
print-time register BCTR is initiated. It keeps track of time by counting
the numbef of measurements made by the main counter. At the end of printout
between blocks, statemen%?%iLL 2,-1, Y2"stops BCTR. The primary count from.
BCTR is returned to the BASIC program as parameter Y2 by the assembly language

statement PUT. -

19
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APPENDIX A

BASIC PROGRAM LISTING
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INITIALIZE .

28 DIM AC5),T(5),5(5),P(5,18),Q(5,18),L(5,5),1(5,5),G(5,18)
21 DIM H(5,12),4(5,18),E(18,2),B(5),C(5) -
25 LET B3=-]

122 FOR 1=0 TO 4

123 IF B3>z G GCTO 14@

125 LET ACI)=0

126 LET T(I)=0

127 LET S(1)=0

125 LET B(I)=@

138 LET C(I>=¢

142 FOR J=8 TO 9

142 LET G(I,J)=@

143 LET W(I,J)=0

146 LET Q(I,J)=6

147 LET H(I,J)=0

148 IF B3<> & GOTO 160
149 LET P(I,J)z @

150 IF J>z4 GOTO 168
156 LET L(I,J0= @

157 LET M(I,J)= @

166 NEXT J

165 NEXT I

1760 FOR 1=© TO 17
175 FOR K=8 TO |
188 LET E(I,K)=0
182 NEXT K

183 NEXT I

185 IF B3<>~1 GOTC 8L29
199 LET z2= ©
191 LET J1= 0
192 LET J= O

196 LET F==l

197 LET I2= ©
455 GOTO 8000

22



500
505
S1e
515
516
S20
530
5406
550
555
560
570
580
590
622
6106
620
630
640
658
651
652
€53
655

- 656

6517
658
660
662
664
665
672
675
680
656
6%2
695
€98

REM I/Pmwmmm e - INPUT
PRINT " PKS";
INPUT N
LET Nl=N
LET N=N-1
PRINT
FOR I=0 TO N
IRPUT ACD)
NEXT I
PRINT
PRINT ™ TIMES"
FOR 1=8 TO N
INPUT TCI)
NEXT I
PRINT.
PRINT " SKIP"
FOR I=8 TC N
INPUT SCI)
NEXT I
PRI NT
PRINT " B/LS";
INPUT BI
PRINT
PRINT " RB#";
INPUT R
IF R= @ GOTO 664
LET ACNID=R
LET S(N1)=S(N=1)+]
LET T(NI)=T(N-1)+8
PRINT
PRINT " C/S";
INPUT CI
PRINT
PRINT " BLKS";
INPUT B2
LET B2:=B2-l
PRINT
RETURN

23



708

195
719
720
730
740
BBD
805
go6
glo
gl2
gl4
815
gls
820
g22
825
828
839
8 40
850
868
870
875
883
882
885
892
893
894
855
898
8S9S

RENM QY- - ~ = = = = = = - - -PEAK SWITCH
FOR I=¢6 TO N '
CALL 8,D,A(I)~]

GOSUB 8606

NEXT 1

RETURN -

REM RD- = = = = = =« =« =~ = = = READ -

LET vy= @

LET z1=22

LET K= @

IF D=1& GOTO 828

LET U=2+45(1)

LET V=8+T(I)

GOTO B25

LET U=sS(I)

LET V=T(I)

CALL 1,X

LET z2=z2+!

LET K=K+!

IF K<=U GOTO 825

LET y=vy+X

IF K<V GOTO 825

IF D=18 GOTO 850
LET L(I,Jd1)=y/ (K=

LET K(I,J1)=z1+(K+U)/2

IF F<>-1 GOTO S35

RETURN

LET H(I,D=y/ (K=
IF H(I,J)>=0 GOTO 855
LET H(I,J)=0

LET Q(I,)=Z1+(X+Ud/2

IF F<>=] GOTO S46

RETURN ‘
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908
901
502
583
S04
906
968
910
920
935
. 94D
S 42
S44
9 46
948
949
950
952
954
1000
1003
1866
1018
1015
1017
1620
1830
1835
1040
1059
1062
1062
1072
1875
1880

REH RB- - - - - - = - -

LET I=NI .

IF J<> 8 GOTO 952
LET F= @

LET D=8

LET Sl=J!

LET JI1=F

CALL ©@,D,R-!

GOTO 8®5
LET D=10
LET s2=J
LET J=F
GOTO 918
LET JiI=s!
LET J=82
LET F=-1
RETURN
LET F=1
GOTO S04

REM B/LS - - == -~ =~

IF J= 0 GOTO 1018
LET J1=dS

IF B1=2 GOTO 10828
LET D=8

GOTO 1830

LET D=5

GOSUB 720

LET Ji=Jl+]

IF Bl<> @ GOTO 1870
LET D=D+l

GOsuB 720

LET Jl=Jl+1

IF J<> 0 GOTO 1088
LET J49=J!

RETURN

RUBIDIUM

BASELINES
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148 REM RB/L- - --=- -2« -~ -RBLINE
145 IF Rz 8 GOTO 12&8
156 LET I=ql
155 LET K= @&
168 GOTO 1268
176 LET Si=0l
175 LET S2=Ll
178 IF B3z & GOTO 1328

1188 GOTO 1316

-1185 LET si=Ql-S!

1150 LET s2=Pl=-S2 .

1208 REN B/L LS- = = = = = ===~ = BASELINE LINES
1281 IF R= B GOTO 1210

1283 IF Bl<> B GOTO 1210

1265 LET L(N, @)=zL(N,I1)

1207 LET L(N,2)=L(N,3)

1219 FOR I=6 TO N

1239 IF Bl<> B GOTO 1268

1235 LET K= o

1249 FOR KI1=0 TO 2 STEP 2

Lol ol T e o S

1242 IF B3z 8 GOTO 1250

1247 LET Kl=2

1248 LET K=1I , :

1250 LET LCI,K)=(LCI,KI)+L(I,KI+1))/2
1255 LET MC(I,K)=(M(I,KI)+M(I,Kl+1d)/2
1260 LET K=l

1265 NEXT Kl

1268 IF B3z @ GOTO 1280
1270 LET L(I, 8)=B(I)
1275 LET M(I, 8)=C(D
1280 LET M1=CLCI, @)=LCI, 1))/ (NI, @)=l 1))
1285 LET LI=L(I, @)-MIxM(I, ©)

1250  LET BCI)=L(I, 1>

1295 LET CCI>=M(I,1)
1258 IF I=Nl GOTO 1178

1300 REM PK/LS = = = = = = = = - =~ PEAK LINES
1318 FOR K=9 TO Cl1-2

1312 IF R= 8 GOTO 1328

1314 IF B3= 0 GOTO 1328

1316 LET H(Nl, B)=H8

1318 LET Q(Nl, ©)=Q3

1326 LET QI=(RCI,K)=HCI,K+1))/CQCI,K)=Q(I,K+1))
1330 LET PI=H(I,K)=Q1*Q(I,K) ‘
1331 IF I<>Nl GOTO 1348

1332 LET H8=H(NI,1)

1333 LET Q8=Q(Nl,1)

1335 GOTO 1185

1340 IF R= @ GOTO 1380

1358 IF I<>N=-1 GOTO 1389

1360 LET Ql=Ql~S1/2.59

1379 LET PI=Pl=52/2,58

1386 LET G(I,K)=Ql=MI

1390 LET H(I,XK)=Pl~-LI

1395 NEXT K

1399 NEXT I
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1410
1420
1438
1 449
1459
1 600

1630
1654
1660
1670
1650
1720
1715
1720
1800
1815
1820
1839
1840
1848
18580
1855
1860
1870
3128
3140
3158
3155
3160
3177
3178
31806
3190
3219
3223
3230
3240
3258
3260
32170
3280
3299
3380
3310
3320

3338

‘3335
3348

IF R= © GOTO 1450
IF N<>3 GOTO 14592
LET Re=T

GOTO 1628

LET R2= 0

REM R/RF = = = - - - - - - - =-RATIOS REFERENCE
1620 FOR I=8 TO N )

IF I=R2 GOTO 1878
.FOR J= © TO Cl-2
IF I<R2 GOTO 1708
LET Jli=J+l
GOTO 1715
LET Jl=J

LET HI=G(R2,J>*Q(R2,J1)+H(R2,J)
LET H2=(G(I,J)*Q(R2,J1)+H(1,J))/H!

RENM R/PKS

IF I>R2 GOTO 1840
LET J2=J+!

GOTO 1848

LET J2=J

LET RI=G(I,N*Q(I,J2)+H(I,J)
LET W(I,J)=HI/(G(R2,J0%Q(I,J2)+H(R2,d))

LET R(I,J)=H2
NEXT J
NEXT 1
FOR I= 8 TO N
IF I=R2 GOTO 3952
PRINT

PRINT

PRINT ACI>3"/"3A(R2)3;"RATIOS-";B3+1
PRINT

LET K= ©

FOR J= © TO Cl-2
IF I>R2 GOTO 3280
LET E(K, B)=H(I,J)
LET E(K,1)=Q(R2,J)
LET E(K+1, B)=W(I,J)
LET E(K+1,15=QCIl,J+D)
PRINT E(K, BI;E(K, 1)

PRINT EC(K+1l, @)3EC(K+l,1)

GOTO 3330

LET E(X, 8)=W(I,J)
LET E(K,1)=Q(I,dJ)
LET EC(K+1, €)=H(I,d

LET E(K+1,1)=G(R2,J+1D

GOTO 3258
LET K=K+2
NEXT J
PRINT
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3500
3522

REM  ° -~ FPT-~-----

LET K1=2%(Ci-1)=1

3505 LET Jz=-I

3511
3512
3513
3520
3530
3542
3559
3555
35680
3570
3580
3550
3618
36493
3650
3655
36517
3660
3662
3665
3670
3680
3750
3820
3810
3830
3840
3852
3868
3870
3883
3890
3900
3910
3915
3920
3925
39402
3945
3950
3963
4300
410
4015
4320
4025
4339

440

LET S5= @
LET T5= @
LET S7= @
FOR K= @ TO K!
LET S5=S5+E(X, &)
LET TS5:=TS5+E(X,DD
NEXT K
LET K=Ki+1
LET S$5=85/X
LET T5=TS5/K
FOR K= 2 TO KI
LET S6:E(K, B)-55
LET S7z=57+56%S6
NEXT K
LET S6= SQR (S7/K1)
IF B3>B2 GOTO 5080
PRINT S53S63T5
PRINT
PRINT
IF S6=0 GOTO 3525
IF J=K! GOTO 3525
IF Kl<5 GOTO 3525
FOR K= @ TO K!
LET D5=E(X, 8)-S5

- - - -FPRINT

IF ABS (D5)<2*SG GOTO 3863

PRINT
GOTO 3520
LET J=J+!
IF K=J GOTO 3590

LET ECJ, B)=E(K, ©)

LET ECGJ,1)=E(K,DD
NEXT K
IF K1=J GOTO 3925

LET Kl=J

GOTO 3511
LET P(I,B3)=S5
LET Q(I>=S6
LET W(I)=T5

NEXT I

RETURN

REM NORM - - == - -

PRINT E(K, @)3;E(K,1)3D5;S6

------- NORMALIZE

LET P(NI,B3)=zP (1, BS)*Z/(I+ 1194%F (2,B3))

PRINT "87/86 N IS"'P(N1,33)

PRINT
PRINT
PRINT
RETURN
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5820
5801

. Spe2

5803
5804
5205
58086
50817
5019
5082¢
5830
5849
‘5650
5060
5070
5880
5850
5895
5096
5098
5188
5121
5102
5183
5185
5109
5110
5115
5117
5119
5135
5137
5140
5153
5162
5170
5175
5180
5190
5201
52082
5210
5225
5230
5240
5245
52506
5255
5268
5275
5280
5290
5300
53108

REN APT = = = = = = = = = —e e - -
PRINT
PRINT
PRINT,
LET N2=N
IF R= ® GOTO 5810
TF N=3 GOTO 5018
LET N2=Hl
FOR I= @ TO N2
IF I=Rz GOTO 5119
FOR K2= € TO B2
_ LET E(X2, 8)=P(I,K2)
NEXT X2
LET X1=B2
GOTO 3525
LET G(I>=S6
LET H(I)=S5
IF R= @ GOTO 5105
IF 12z2 GOTO 5110
IF =2 GOTO 5182
PRINT"84/86","87/86","88/86",
GOTO 5189
PRINT"87/86","88/86","87/86=N",
GOTO 51@9 :
PRINT ACID;"/";A(R2),

LET I2=2
NEXT I
IF I>=5 GOTO 5119
PRINT
PRINT
FOR K= € TO B2
PRINT,

FOR I= 6 TO N2
IF I=R2 GOTO 5178
PRINT P(I,K),

NEXT I -
IF I>=5 GOTO 5150
PRINT
NEXT K
FRINT
PRINT " FEANS",
FOR Iz © TO N2
IF I=R2 GOTO 5240
PRINT H(D),
NEXT I
IF I>=5 GOTO 5255
PRINT
PRINT " ST.DEVS.",
FOR 1= 2 TO N2
IF I=R2 GOTO 5250
PRINT Q(I),
NEXT I
PRINT
RETURN
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8020
8UL2
8C0D4
g0l1o
ge2d
8425
826
8927
8329
8030
8032
8035
8P 45
8955
O 6
8070
8080
8085
8090
8895
8100
glB5
gllp
8115
8138
- 8132
8135
8146
8145
8150
8155
8160
8165

%
RE © NAIN- -

IF B3d<>-1 GOTO 8E£10

LET B3= @&
GOSUB 508
GOSUB 18060
FOR B3=86 TO B2
IF.B3=0 GOTO 8832
GOTO 122
CALL 2,-1,Y2
LET zz2=z2+Y2
IF R=@ GOTO 8045
GOSUB S©8
LET D=10
FOR J=0 TO Cl-l
GOSUB 7o
NEXT J
IF R= 0 GOTO
GOSUB 560
GOSUB 10806
CALL 2,!
GOSUB 1140
IF R=0 GOTO 8138
IF N=3 GOTO 8130
GOSUB 4000
NEXT B3
LET B3=B3+!
IF B2=06 GOTO 8145
GCSUB 5080
FOR J=1 TO 10
PRINT
NEXT J
GOTO 25
END

88950
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APPENDIX B

INPUT - OUTPUT LISTING
FOR A
"STRONTIUM" ANALYSIS
WITH "SYNTHETIC DATA".
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TIMES
*13
718

718

(1]
3

-
—~
IO

Hl—"F"HP‘F‘O'lpCfncf“l@l@tU‘nC’lU‘nU‘tC’c@lF‘HF‘HIT’-HPv?"s

OO 00 0% Q6 O 0 OO0 O3 OO O3 (0 O —

o0 00 00 OO0

Lo o L
OO 00 00 €O 00 0O A0 05 WD W0 A0 WD WD A0 WD WD U0 D O 00 0D O 00 00 OO

0 Q0 OO O

~~

!

m&w,tﬂ-&-WNFJLﬂ&Ldtﬂ#VJU\J"WI‘JI"JUI&'.-‘JLH&L'J

--------- 3 peaks in main switching sequénce. e e
Sosr » #3
-Peak channel Nos. 885r > #4
Sr > #5 . . -
R T for each peak. e e
(IP = = == = = = = - for each peak '
= = =.-.- - - baselines - both sides of each peak-. . . .
-------- 85Rb + #2 peak channel. .. - .. . o
—m == = - - = .3 switching cycles .
- === ====2Dblocks . . . _. . ._
(3) (4) ~--=--~- = — - —»Column No.
1 14.5. - N . e
103 . b ,
4 EB.5.. Baselines - .. — ... (1)_.Print statement # __
1 £1.5 Main Peaks
1. ,wgi_ I . (2)_ Peak channel # _ .
1 127.5  _| - .
1 154.5 __Peak and Baseline (3) Mean measurements . _* -
3.89 18235 | Rb 1 assigned to Baselines
11 EB3.5 | e o p s ITEIETTT OTITT T L .
ﬁ Eggs | Synthetic data—] 11 assigned to »ma;rsz peaks
1 5es  Lmain Peaks 3.9 assigned to RO
11 276.5
i1 —289. 5. _ ~(4) Mean times for peak
11 Z@s
14. 219.5... - ~ measurements.
1 435 | Peak and Baseline
3.59 3v2.5_ Rb e
1 3297
4 dzE2 - - - - R -
1 44%. 5 . Baselines
1 464.5 Main Peaks - . . — - —
1 4&¢9
1 518.95 -
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4 2 % RATIOS- 1
RATIO TIME

W W0 Ww
[ 5]

9@ L S53ITE9RIE-S 254,73

Meaﬁ Standard Mean
Ratio Deviation . Time . " _ .
5 ¢ % RATIOS- 1 i B
1 2335 ) -
1 246.5 B N
1 2V6. 5
1 289.5 , B et e e et e e

[
L]
]
(a2
F
'

o
i

2nd BLOCK STARTS

581 2 1 53V.5 . Peak and Baseline

96 2 .59 S566.5 | Rb.. -

295 3 1 586. 95 -

2926 ¢ 11 €83 - e
g95 5 1 &l&:. 5

296 3 11 E2%.5 . I

8§96 4 11 646 _Main Peaks

595 5 11 £53.5 e —

59586 3 11 EVE. S

596 4 11 €89 e e et am
296 5 11 782.5 _|

5312 1 V26.5 __Peak and Baseline. _.... _ . -
596 2 359 755.5_ Rb

51 3 4 7e8.5 o
581 4 4§85

%24 5 4 E£2€.95 __Baselines e . .

2214 3 1 €47.5 Main Peaks

281 4 1§72 _ S
581 5- 1 8935 |
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5 ¢/ 3 RATIOS- 2

g U PS
[N RN O )
o

|

|

1]

1

| el el ol o
0 & O Ty

.. 1 _B._644.3 : e e

57/86-N 15 1. 665604 .
-- FINAL TABLE OF RATIOS S

o
=
N
L)
(0]
o !
0
'\\ t
[£x]
&
(s}
- |
~,
[xx]
oy
]
=

'
4
{
!
1]
]
]
{

Wl 1st Block
$ ccemeemeec 2nd Block

ey

=5

)

[xn]
= 0D
L O

|

|

o

|

il

i

|

f

¢

i

|

1
b
oy 0y
Doyl
Dix )
Den)
L1

!

[y
o
oo
[
)
Ja

|

HEANS e o e S 1 B
ST. DEVS. @ :

[in)
oo

i
{
}
i
!
1
i
i
!
l
i
!
]
|
!
!
%
!
1
l
¢
|
i
!
!
H

PKS? = = = == = == == START NEXT ANALYSIS - - — - = — —-
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APPENDIX C
. ASSEMBLY LANGUAGE DRIVER
LISTING
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;PERSEUS COMPUTING AND AUTOMATION (PTY) LTD
;P. 0. BOX 3987, PRETORIA, SOUTH AFRICA
COPYRIGHT (0) 1971.

;SYMBOL DEFIRITIONS FOR 'CALL' PACKAGE

,(NO HIGH SPEED READER OR PUNCH)

;USE WITH SINGLE-USER BASIC KEY-B3 AND WHEN ASSEMBLING
DRIVER PROGRAM.

000300 DUSR BUS=300
006156 DUSR  WATT=JSR @156
007620 DUSR MASK=7770
007771 - DUSR BEGIN=10127
003170 DUSR INIT=3170
007000 DUSR  GET=JSR @0,2
007001 DUSR  PUT=JSR €1,2
003002 DUSR RETURN=JMP (2,2
007003 DUSR PUTD=JSR @3,2
007004 DUSR GETD=JSR @4,2
007005 DUSR GETF=JSR ©5,2
007006 DUSR PUTF=JSR ©6,2

EOT o :
000265 ERRE=265 ;ERROR TERMINATE

000267 ERRS=267 sERROR CONTINUE
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DRIVER PROG
- coded
bR sBo 60
NI 60
BBABHG
PP3IND 11136

B0l
e 3
GOT1 g
P10r33
¢groizae
S3T708P
Wo54430
10692520
124060
125445
00G403
191120
LuATIS
p24422
¥34422
117415
sBn4al a2
334429
167400
107090
044413
565060
34410

811711
N NP
P7T173
B4
N AR
BI116
G177
10300
10001
10632
1038

100684
16205
10606
12007
100106
18011
10312
186613
16014
10015
10016
10017
166423
190321
- 1po22
10623
10024
163625
19026
16027
100306
10031
13032
10033
10034
12035
19836
10037
100349
10041
1 0Y42
19043

Vv 4u4
BHBTS4
034406
anenTé67
H24496
403002
DABDNG
7252060
gAB37TT
1774060
B1p232
(547713
0834447
U56456
Q6p260
16366
P77
G 60560
BRB4an2
261560
1044 H2a437
18045 357400
10046 vilpass>
10047 pabaay
10855 121200
ISl 510434
16 652 2401716

175485 °

3 tﬁr‘%

STAKT:

L0O0P:

DONE:

BLINE:
FIng

S10RE:
CuRkke
LOow:
KIGH:
BGNe

NIRCH

LISTING.

BCTR=b¢
Clx=6i4
DRI VER=6Y
«LUC «BUS
FnkbE

+LUC BEGIN
K)

S51AxT

S1G

BCNT

GE1
S]A.3:b]OAE
SUBZL 6,0
CoOM 1,1

INC 151,589k
JvpP DONE
MUVZEL G0
JMP LOOP
Lba 1,CURR
LbA 3,L0W
ANDF G, 35 5N
JvP BLINE
LDA 3,HIGH
AND 3,1

ADD 9,1

STA 1,CunKk
DOA 1,DnrIVER
LDA 3,S510RE
INC 32 35 SNk
JME FIN

JMF START
LDAa 3,L0MW
JMP BACK
Lba 1,BG6N
RETURN

9]

2009

3771

177400

o +1

STA 3,510nE
Lba 3,MASK
514 3,epIGIi
NIUC Cir
SKFDN Clr
JIF e =1

bias #,ClRK
JMP 42

DIBS @,Cihn
Lba 1,MMASK
AND (s 1

152 DIGII
STAa 1,eDIGTI
MoV 0,0
152 CN11
JMP «=2
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14453
Laba
106955
13056
100457
100060
10v61

16062
1663
10064
111465
10066
16067
16070
106071

10072
14673
194574
19075
1vw7e
16577
15100
101031

12122
10143
10104
18105
16106
12167
18115
10111
1z112
1gH3

lﬁl?b
16125
16120
1¢127
10130
10131
{0042
1331723
1014
16138

(134431
7254431
11432
NnAT66
(3442
vo4aa27

B10427
puniel
D34421
V54423
(334421
UwoLa22
34737
5102714
D217
POTBH3
D24a417
Basalq
BE3RE2
2415
B24412
123360
Bl1a412
PR &R
GoenLT
V177714
1771714
171776
177774
177776
Sl ACK Y
@101 14
711113
PR e
87850

25415
9B 040b

Gblyld.

| 92400
bH7658
G6082060
$Poad

062860
g§zgse
(9103268
¢§3€7¢

LEAD:

MASK
5T
CNT1:
rS&12:
Cniz:
CN13:

o e oo

ANSCI:

r5Te
DICGIl:
STACK:
BCNT:

ON:
OuUT:

LDA
S1A
182
JMF
LDA
S1A

1562
JMP
LbA
S1A
Lba
Sia
LDAa
FEED
Lba
FPUTD
Lba

STa 1,LIG6TH

RETU
LDA
Lba
ADD
bsz
JMP
17
1477
1777

17717

17717
1777
&0
o+

3,nd11
3,CnN11
cN12
NEXT
3»n5i2
3,CNi2

CN1 3
BREG
3,511
3s.CnNT2
3sR512
3,CNIi3

32 510RE

Zs,LEAD
15 h5T

s\

A, eDIGI
1,AN5CIT
1.0
DIGI|{
8,3

T4
14
16
Tz
T6

STACK

o BLK

GET

INC
JMP
bic
SUB
PUT
NIOP
JHP
vocC

16

7

151 54K

ON
1>BCTR
P

BCTR
our |

¢, BCIR

RE TURN

FREE
«END

«INTT
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APPENDIX D

INTERFACE HARDWARE
DIAGRAMS AND CONNECTIONS
USING NOVA GENERAL INTERFACE
BOARD»
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TABLE 1--CONNECTIONS FOR INPUT REGISTER-A GENERAL PURPOSE INTERFACE BOARD.

SLOT 9 PIN #

MOTHER BOARD
EDGE CONNECTOR

SIGNAL NAME WRAP PINS PIN #
M.S.B. Digit 4 Ctr. 128 M A67 1
12 49 A73 8
N 49A A75 7
L.S.B. Digit 4 Ctr. 108 57 A79 19
M.S.B. Digit 3 Ctr. 22 67 A8T 20
21 68A A83 2
208 68 A5 24
L.S.B. Digit 3 Ctr. 20 69 Ag7 26
M.S.B. Digit 2 Ctr. 280 70A A8S 27
28 70 A9 3
27 71 86 29
L.S.B. Digit 2 Ctr. 260 72A B11 30
M.S.B. Digit 1 Ctr. 36 72 B13 31
' 36A 76 B15 32
35 83 B19 33
L.S.B. Digit 1 Ctr. 3B 89 35

B25
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TABLE 3--CONNECTIONS FOR OUTPUT REGISTER GENERAL PURPOSE INTERFACE BOARD.

x MOTHER BOARD
WRAP PIN

. . EDGE CONNECTOR
SIGNAL NAME FROM  TO SLOT 9 PIN # PIN #

RLY T 24 131 B34 38

RLY 2 " 24n 1324 . B36 39

RLY 3 25 132 B38 40

RLY 4 26 133  B4O | A
RLY 5 23 134A B48 42

RLY 6 & 7 40 - 98A B49 43

RLY 6 76A 135 - B53 46
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