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A Computer Program in Hewlett-Packard BASIC for Plotting and Processing
U-Pb Isotope Data on "Concordia" Diagrams

by
Kenneth R. Ludwig

INTRODUCTION
The most common way of graphically presenting U-Pb isotope data is on a

"concordia" diagram, wherein the X and Y axes are generally 207Pb/235U and

206, ,238,1/

Pb/ , and the concordia curve is the locus of X and Y values which

give concordant 207Pb/235U and 206Pb/238

U ages. A highly useful characteristic
of the concordia diagram is that systems (minerals, rocks...) which have either
undergone varying degrees of no more than one episodic disturbance to their U/Pb
ratio (Wetherill, 1956) or have lost varying amounts of Pb by a process of con-
tinuous‘diffusion (Tilton, 1960), will define a straight-line trend whose upper
interce;t with concordia is the primary age of the system. Thus it is common to
calculate a least-squares line for such data to infer the primary age.

The minicomputer program described in this paper was constructed to provide
a simple yet very flexible tool for plotting U-Pb isotope data (complete with
error-ellipses if desired), determining the best-fit line to any of the data,
and solving for the concordia intercepts and intercept uncertainties of the
best-fit line. The quality of the resulting plot (figs. 1, 2) can easily satisfy
requirements for both publication and color-transparencies. Besides the common

206p,p,,238)y_2075,235 oncordia plot, 206y, /207, 238, 2075 g 207py 2065,

238U/206Pb concordia plots can be constructed with only slight modifications to

this program.

Y A1l Pb isotopes are assumed to be radiogenic in this paper.




EQUIPMENT REQUIRED
This program was written specifically for use with the Hewlett-Packard
model 9831 minicomputer with 12K words of memory, and the Hewlett-Packard
model 9872 plotter. With a few modifications, the model 9830 minicomputer and
9862 plotter may also be used. In the standard mode (fig. 1), the plot is
drawn on an 8" x 10-1/2" sheet of paper, but dimensions and sizes of the plot

may be arbitrarily assigned without distortion of plot-symbols or letters.

CAPABILITIES

The program permits the plot 1imits to be defined either by maximum and
minimum ages on the concordia curve or by any (> 0) minimum or maximum limits
on the X and Y axes.

The tick intervals for the X and Y axes and the concordia curve are chosen
by the program. Every other tick is labeled, except for concordia ticks which
1ie so close to the X or Y axes that the tick label would overwrite the axes.
Note that if a minimum X- or Y-plot limit is poorly chosen (for instance Xmin.=
L1317, Xmax. = .4), the ticks will be at odd locations (.1317, .1617, .1917, 2217,
.2517, etc.). In most cases, however, this problem will not arise. The X-axis
tick labels are automatically centered with the ticks themselves, are lettered

with only the significant figures of the tick values, and are right-justified

in the case of the concordia and Y-axis tick labels.

Data Input
206, ,238,, 207_, ,235

The data are input as a block of five values: Pb/"" U, Pb/™"7U,

Error (%2¢) in 206Pb/238U, Error (%20) in 207Pb/235U, and the correlation be-

tween the 206Pb/238U and 207Pb/235U errors. The errors and correlations cor-
respond to estimates of analytical uncertainty, and are required for calculation

of error-ellipses and for the least-squares line-fitting routine. Equations for




calculation of the errors and error correlations that take into account mass-
spectrometric, blank, and initial-Pb uncertainties are given in Ludwig (in press),
and are especially suitable for use with this program. Any mistakes in the
entering of the data are easily corrected before plotting of the data. The pro-

gram will accept up to 30 data points as dimensioned.

Data-Point Plotting

The data may be plotted in three different ways; as an error-ellipse, as
a polygon, or as a keyboard symbol. .The error-ellipse is constructed for the
20 errors input by the user, and can be plotted as either an open or solid figure.
The polygon plotting option provides for a regular polygon of any number of sides
(> 10 sides gives a good circle), with size chosen by the user, with arbitrary
rotatjonal orientation and with the option of either open or solid (filled in)
polygons. In addition, any keyboard symbol besides L, I, E, or P (either upper

or lower case) may be used, such as , +, X, or O.

Line-Fitting

The routine for calculating a least-squares best-fit line to the data is
taken frém York (1969) with slight modifications (table | ). The first (model-
1) calculation of the best-fit line weights the points according to the inverse
square of their analytical uncertaintie;, and includes a calculation of the
probability that the assigned errors of the data account for all of the observed
scatter from the best-fit line. If this probability is less than 0.30, the
best-fit line is recalculated (model-2) with equal weights and zero error-
correlation given to the data points. For the model-1 solutions, the 95% con-
fidence 1imits on the best-fit line slope and intercept are taken to be 1.96

(Student's-t for « degrees of freedom) times the 1-g "A PRIORI" uncertainties,




whereas the model-2 95% confidence-limits are taken to be the Student's-t value
for N-2 degrees of freedom (N = # of data points) times the 1-o "INCLUDING
SCATTER" uncertainties. In effect, the "model-2" solution recognizes that most
of the scatter cannot be due to analytical error alone, and assumes that nothing
is therefore known about the reason for the scatter. For the "Model 2" solution
to be meaningful, however, the scatter must have a normal distribution about a

meaningful line.

Concordia Intercept Solutions

The solutions for intercepts of the best-fit line with the concordia curve
use the rapidly-converging iterative method outlined in Ludwig (in press), such
that the uncertainties in the concordia intercepts are calculated at the 95%
confidence-1imit from the intersections with the concordia curve of the 95%
confidence-1imit error envelope about the best-fit 1line. The intercepts and
the average of the + and - errors are lettered in the lower right portion of
the plot after they are calculated, If solutions to several data-sets are done,
the lettering is stepped up each time so no overwriting occurs, and the style of
the dashed/dotted line showing the Yorkfit line is changed. To aid in visualiza-
tion of the intercept-uncertainty calculation, the error-envelope itself may be

plotted.

Lettering Capability

As an additional aid to the construction of camera-ready figures, the pro-
gram includes an option to letter in any characters or phrases, with arbitrary
letter size and location on the plot (but always with a horizontal orientation),

via a few simple keyboard commands.
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Storing and Recovery of Frequently-Used Data

A simple and reasonably convenient method of storing and reusing data for
this program is to store up to 24 data-points at a time in the special
function keys of the HP-9831 or 9830. For each data point, FETCHKEY (key fO
through fll, shift in or out) is executed, and the data then input exactly as
normally requested by the program, except that the input is bracketed by
asterisks. Thus a typical data point ready to store in a special-function key
would appear as

* 2314, .79, 4.797, .85, 0.96 *
The "store" key then stores the point in that special function key. When the
display requesting data input appears, the appropriate special-function key is
pressed to enter that data point. The data may be stored on a data cartridge
via the "STORE KEY" command, and thus retained for later use.
Plot Size

Two standard plot sizes may be selected, as well as any other special
sizes designed by the user. The most useful size nearly fills an 8" x 10.5"
area. The other standard size is only 2/3 as large (fig. 2), and is
specially. designed for reproduction as color transparencies. In this case,
the relative size of the symbols and apparent line thicknesses are
automatically adjusted to yield suitably legible transparencies. For
user-defined plot sizes, any ratio of height to width may be selected without
distortion of letters or symbols.

Decay Constants

The uranium decay constants used in the program (lines 100 and 110) are

23 235

0.155125 x 1072/yr for 238y and 0.98485 x 1077 /yr for 23°U.




PROGRAM INSTRUCTIONS
The instructions to the main program (appendixes I, III) are stored as a

separate program, accessed by the main program (appendix II) when desired,
(enter 3 in response to the “SIZE: 1=STD, 2=SMALL, 3=INSTR." query). The
location of the main and instructions program on the tape cartridge must be
specified in. line 790 of the main program and lines 40 and 1080 of the
instructions program.

PROGRAM EXPLANATION
LINES FUNCTION
30-110 Initialize conditions and dimension arrays.
230-270 Functions for calculating isotope ratios from ages and ages from
isotope ratios.
280-490 Functions for calculating tick intervals, and number of spaces
required to letter numbers.

510-740 Functions for calculating cumulative chi-square distribution.

850-890 Input plot size and limits.
900-1080 Calculate X and Y plot limits and concordia curve age
' Timits.
1090-1320 Calculate proper dimensions of letters and absolute plot
Timits.
1330-1470 Draw plot box (X-Y axes).
1480-1920 Label ticks and axes.
1930-2190 Draw concordia curve, ticks, and tick labels.
2240-2670 Data input.
2680-2820 Plot data points.




1/

2830-3010 Error-ellipse plot subroutine =/,

3020-3120 Polygon plot subroutine.

3230-4610 Yorkfit routine.

4620-4750 Plot Yorkfit line.

4790~-4890 Calculate intercepts of Yorkfit line.

4900-5280 Calculate intercepts of error envelope about Yorkfit

’ 1ine with concordia curve.

5290-5490 Label intercept on plot.
5500~-5640 Plot error envelope.
5650-5720 Lettering subroutine.

19 Modified from algorithm kindly supplied by G. Cumming (written
communication, 1978).




AVATLABILITY

This program can be copied onto the appropriate tape cartridge for either
the 9831/9872 system or 9830/9862 system, if the appropriate cartridge is sent

to me at Mail Stop 963, Denver Federal Center, Denver, CO 80225. Versions

207Pb/206pb_238u/206

are also available for Pb and 206Pb/207Pb—

238,207 p, concordia plots.
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FIGURE CAPTIONS

Figure 1. Sample of a "standard" size concordia plot produced by the program.
Two data-sets are plotted; the first with open error-ellipses as plotting
symbols, the second with solid triangles. Best-fit lines are shown for
both data-sets (dashed and dash-dot line patterns), and the 95% confidence
error-envelope (dotted curves) shown for the second data-set.

Figure 2. Sample of a "slide"-size plot, photographically reduced from 5"x7"
size to fit in a 3-1/2" wide journal format. 15-side, solid polygon as
plotting symbol.

TABLE CAPTIONS
Table 1. Printout of Yorkfit and concordia-intercept solutions for the error-

ellipse data set used in figure 1.
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TABLE 1

kkkkkkkkkkkhkkkkk *kk YORKFIT kkkkkhkkkkkkkkkkkkk

SAMPLE DATA: DATA WITH ERROR-ELLIPSE SYMBOLS - PLOT CODE

(ERRORS ARE % 2-SIGMA)

SET# 206 /238 -- %ERR 207/235 -- $ERR $ERR-7/6 CORREL.
1 0.47000 3.00 15,0000 3.60 2.01 J.83
2 0.58000 3.00 25.0000 3.60 2.01 0.83
3 0.71000 3.00 35,0000 3.60 2.01 J.83
4 0.77000 3.00 40.0030 3.50 2.01 0.83
**MODEL 1 SOLUTION -- ASSUMES ALL SCATTER DUL TC ANALYTICAL ERROR**
SLOFE INTERCEPT
BEST-FIT: 0.012033739 0.286307528
ERROR (1-SIGMA, A PRIORI) 2.84592E-04 7.98410E-03
EREOR (1-SIGHMA, INCL. SCATTER) 3.28498FE-04 9.21588E-03
ERROR (95% CONFIDENCE LIMITS) 5.57800E-04 0.30155648820

COORDINATES OF CENTROID: X= 26.32005623 Y= 0.503043442

'

uMs = 2.7 -- FOLLOWS CHI-SQUARE DISTRIBUTION ABCUT 2

»

A

THE OBSERVED SCATTER WILL BE CAUSED BY THE ASSIGNED ANALYTICAL
ERRORS ALONE 26,.,39% OF THE TIME

kkkkxkkxx*MODEL 2 SOLUTION -- EQUALLY WEIGHTED POINTS, ASSUMES
Kkkkkkkhkkkhkkhkhkkhkkkkkkkk k% k%% NORMAL DISTRIBUTION OF RESIDUALS*****

SLOFE INTERCEPT
BEST-FIT: 0.012109677 0.284346782
ERROR (1-51GMA, TWCL. SCATTER) 3.10937F-04 9.42414E-03
ERROR (95% CONFIDENCE LIMITS) 1.33703E-03 0.040523795

COORDINATES OF CENTROID: X= 23.75000092 Y= 0.532500009




<K<K MODEL L CONCORDIA~INTERCEPT SOLUTION >>>>>>>>>

LOWER INTERCEPT: 1974.5 +/~- 95.4 (> 1879.8 ,< 2070.5 ) M.Y.

UPPER INTERCEPT: 3887.0 +/- 32.90 (> 3856.5 ,< 3920.5 ) .Y,

(UNCERTAINTIES ARE 95% CONFIDFENCE LINMITS)
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APPENDIX I -- PRINTOUT OF INSTRUCTIONS PROGRANM

INSTRUCTIONS FOR HP=-9831/9872 CONCORDIA PLOTTING PROGRAM
U.S. Geological Survey Open-File Report #79-15692, K.R. Ludwig

DISPLAY RESPONSE

SIZE: 1=STD, (2)=SMALL, 3=INSTR.? If 1 is entered, the plot will
be scaled to fill an 8x10.5 inch sheet of
paper. If 2 is entered, the plot will be
only 2/3 as large, and the numerals larger
so that an acceptable 35mm transparency
can be made from the plot. If J or -2
is entered, the plot may be user-scaled
using the Pl-P2 keys on the plotter. 0
will give relative label and symbol sizes
similar to an input of 1, whereas -2 will
give relative sizes similar to 2. To
obtain a printout of these instructions,
enter 3.

AGE LIMITS, M.Y. (MAX., MIN.)? Enter the maximum and minimum ages
which are to be included in the plot.
If you wish a specific area to be shown,
however, answer with any two equal numbers
(such as 0,0).

7/5 AND 6/8 LIMITS? This display appears if you answered
the above display with a equal numbers.
Enter 4 values- 7/5 wmin., 7/5 max.,
6/8 min. and 5/8 max. to define the plot

area.

TITLE? Type in a title (no more than 38 letters)
to be lettered in the upper-left corner of
the plot.

P=POLYGON, E=ERROR/ELL, I=INTERCEFTS?

An input of “p” or ‘P’ will permit any regular polygon of any orien-
tation to be used as a plotting-sympol. ‘'P° will result in a solid
(filled in) polygon, whilst ‘p’° gives an open (unfilled) figure.

The subsequent "ROTATION?  recuest asks for the angle in degrees

(3 o'clock=0 degrees, 12 o'clock=90 degrees, etcetera) of a vertex




of the polygon,

and the

toc the number entered.

An input of “e’or’E” will give ocven or solid error-ellipses,
respectively, as plotting-symbols.

Any other upper-case keyboard character may also be used as a plot-
ting symbol (such as *,+,X%X,0), provided that it does not plot asym

metrically such as a “.

An input of ‘I’ or

An input of ‘L’ or
anywhere on the ploct.

a number

the plot title. A

top of the keyboard.

lettered,

i’ will result in calculation of the concordia
intercepts of a just-calculated Yorkfit chord.

‘1° will permit you to letter any statement
The subsequent ‘LETTERK SIZE?  request asks for
defining size of the letters, relative to the size used for

’ ’

?” will then aprear in the display, at which

point you may position the pen by using the four “arrow’ keys at the
DO NOT PRESS A CHARACTER KEY, or the character
will be immediately printed on the plot. Press the STOP key when the
pen is positioned correctly.
and press the

to cbtain several lines.

NUMBER OF POINTS?

SET#

ERR, 7/5, ERR,

TO BE EDITED

(0=0K)?

"SIZE?  request asks for relative size of
the polygon. Values of 2 to 3 are most useful. Size is proportional

"EXECUTE" key. You can repeat the secuence

CORREL.?

Then type in the statement to be

Enter the number of data-points (must
be <=30) that you wish plotted with a
given plotting synhol or color.

Enter 5 values- the 205/238 and 207/235
values and errors, and the error-correl-
ations. The errors must be entered in
percent and at the 2-sigma (or 95%-conf.
level), and the error-correlation must be
between -1 and 1. The errors and cor-
relations must agree with the form
Rxy=(Ex"2+Ey"2-Ez"2) /2EXEy, where Rxy

is the error-correlation, Ex, Fy, and Ez
are the percent errors in 207/235, 206/238
and 207/206, resvectively.

If all of the numbers in the above
"scratchpad’ printout are correct, enter
0. Otherwise, enter the number of the
data-set that you wish to edit.

\7



YORKFIT? 1=YES? If you wish a York regression line
calculated for the plotted data, enter
l. 1If not, enter any other number.

DATA TO BE RETAIWNED?- l=YES? 1If you wish the just-plotted data to be
added to later data-voints with differ-
-ent plotting-symbols or colors, for
a later Yorkfit, enter 1. If not, enter
any other number.

NAME FOR THIS DATA SET? Enter a name for the Yorkfit printout

REMARKS:

The Yorkfit routines are done on the basis of one of two sets
of assumptions. The initial Yorkfit weights the points according to
analyticel error, and calculates the 95% confidence-limit uncertain-
ties considering only the assigned analytical errors, without regard
to the actual scatter of the woints (MODEL 1). This is equivalent to
York’s original method and to a McIntyre Model 1 fit., If the chi-
sguare probability calculation indicates that the assigned errors
should result in the observed scatter more than 30% of the time, this
MOBEL 1 result is accepted without further calculation. If, however
the calculated probability is less than 30%, the Yorkfit is repeated,
using equally-weighted points with zero correlation, and with 95%
confidence-limit uncertainties calculated on the basis of the ob-
served scatter and N-2 degrees of freedom (MODEL 2). 1If the Chi-
sguare probability was less than 1%, the program will consider only
the MODEL 2 result for any subsecuent calculations. 1If the proba-
bility is between 1% and 39%, the choice of models is left to the
user .




APPENDIX I1 -- LIST OF MAIN PROGRAM

10 KEM K.R. LUDWIG CONCORDIA PLOTTEF FOR HP 9831/9872 9/27/79
20 REM U.S.G.S. OPEN-FILE REPT. 79-1692
30 DIM A{30},B[30],C({30],G[30]),Q[30],rS{30),US(30],VS[30],XS[301,¥Y5(30],2(30]
40 DIM AS[38]

42 c=2

44 STDPR G

50 DEG

60 Ql=Pl=D=0

70 SLANT O

80 LINE

90 KO0=6

100 L5=9.8485E-04

110 L8=1.55125E-04

120 GOTO 760

130 FIXED O

140 RETURN

150 FIXED 1

1560 RETURN

170 FIXED 2

180 RETURN

190 FIXED 3

200 RETURN

210 FIXED 4

220 RETURN

230 DEF FNA(T)=EXP (L5*T)-1

240 DEF FNB(T)=EXP(L8*T)-1

250 DEF ENC(T)=(L8/L5)*EXP((L8-L5)*T)
260 DEF FND (X)=LOG(1+X) /L5

270 DEF FNE (Y)=LOG(1l+Y) /L8

280 DEF FNF (X)

290 STANDARD

300 11=8=0

310 N=X

320 N=10* (N=INTN)

330 IF N=0 THEN 370

340 S=S+1

350 I11=1

360 GOTO 320

370 RETURN S

380 DEF FNK(X)=1+(X#INTX)+(X >= 1) *FNG(X+ NOT X)+FNFX
390 DEF FNG(X)=INTLGYTX

400 DEF FNH(X)

410 ¢=10"FNCX/8

4720 IF X/Q <= 12 THEN 450

430 ¢=2*Q

440 GOTC 420

450 %Z2=Q/10"FNGQ

460 IF Z2=INTZ2 THEN 480

470 Q=INTZ2*10 "FNGQ

480 RETURN (




490
500
510
520
530
540
550
560
570
580
5¢0
600
610
620
630
0640
650
660
670
680
630
700
710
720
739
740
750
760
770
780
780
800
810
320
830
840
850
560
870
880
890
500
910
920
530
95490
950
960
970
980
590

DEF FNI(X)=FNKABSINTG[X]

DEF FNJ (X)=—=( NOT ¥)- (X£0)* (FNKX+J-FNFX+ (X=INTX)*(J#0))
CEF FNT (N) '

C=I=1

A= (N/2=INT (N/2))

IF (N-2)/2-1-A<1/2 THEN 589
C=C* ((N=-2)/2-1)

I=I+1

GOTO 540

RETURN C*(1+ NOT A* (SQRPI-1))
CEF FNS (K)

D=1

FOR 1I=1 TC K

D=0* (N-2+2*1)

NEXT I

RETURN D

DEF FNR(S)

T1=E=0

FOR K=1 TO 100

IF K*LGTS<100 THEN 700

RETURN -1

T1=T1+4 (S"K) /FNSK

IF (T1-E)<1E-05*T1 THEN 740
E=T1

NEXT K

RETURN T1

DEF FNO(F)=Y[I]+(-B3*X+F*SCRF1)/(2*S3)
DISP "SIZE: 1=STD, (2)=SMALL, 3=INSTR";
INPUT F

IF F#3 THEN 800

LINK # O, 2

3= (ABSF=2)

IF F#1 AND F$2 THEN 830

MAP B*1500,1E+04-B*1500,R*1125,7500-1125%*p
DISP "TITLE";

INPUT AS

DISF “AGE LIMITS, M.Y. (MIN., MAX.)";
INPUT H1,R3

IF B3>H1 THEN 950

DISP "7/5 AND 6/8 LIMITS";
INPUT Al,Bl,A2,B2

B3=FND(B1l- (B1-Al)/100)

IF FNBB3<B2 THEN 930
B3=FNEB2

E1=FNDAl

GOTGC 1060

Bl=FNAB3

B2=FNBR3

A8=FNEK (R1-FNAHL)
A5=FNH(B2-FNBH1)

FOR Al=0 TO Bl STEP A8

1000 IF FND(ALl+248)>H1 THEN 1023
1010 NEXT Al
1020 B1=B1l+A8




1030
1040
1050
1060
1070
1080
1099
1100
1110
1120
1130
1140
11590
1160
1170
1180
1190
1200
1210
1220
12390
1249
1259
1269
1270
12890
1290
130
1310
13290
1330
13490
1359
1369
1370
1380
1383
14900
1410
1420
1439
1440
1459
1469
1479
1480
1490
15990
1510
1520
1530
15490
1559
15690

FOR A2=0 TC B2 STEP AS

IF FNE (A2+42*A5)>H1 THEN 1080
NEXT A2

A8=FNH(Bl-2A1)

AS5=FNEB(B2-22)

A9=FNH( (B3-HL) /(1+((B3-E1)>3000)))
FOR Y=A2 TC B2 STEP 2*A5

IF FNKY<P1l THEN 1120

PLl=F NKY

NEXT Y

WRITE (705,*)"0p"

ENTER (705,*)X1,Y1,S2,H2
$2=52-X1

H2=H2-Y1

P=H2/52

P9=P* (P <= 1) *(0.85*%(H2<7500)+0.65% (H2 >= 7500)*£2/7500)
PS=F9+(P>1)* (0.85%(S52<7500)+0.65% (82 >= 7500)*72/7509)
F= (SOR(S272+4H272)<6000)
F3=1.9/P9+41.3*(B+F)
F4=1.5/P9+(B+4F)/2

F=p* (1.8*F3/504+P1*F4/114)
21=B1l-A1l

S1=RB2-A2

L=B1+421/25

P2=(Al-F*L)/(1-F)
S4=R2+S1/25

P5=L-P2

F=2.3*F3/5)
P7=(A2-S4*F)/ (1-F)
P6=R2+S1/13-P7

SCALE P2,L,P7,B2+51/13

WRITE (705,*)"TL.5"

XAXIS A2,A8,A1,EB1

WRITE (705,*)"TLOQO,.5"

YAXIS B1,A5,A2,54

WRITE (705,*)"TL.5"

YAXIS Al,A5,R2,S4

WRITE (705,*)"TLO,.5"

¥AXIS S4,A8,A1,B1

IF B=0 THEN 1480

PLOT Bl1+71/400,84+(S4-n2) /339
IPLOT -1.005%*21,0

IPLCT 0,-(1+2/330)* (S4-p2)
IPLOT 1.005*21,0

IPLOT 0, (1+42/300)*(S4-p2) ,~-1
J=0

FOR X=A1 TO El STEP 2*AS8

IF FNFX<J THEN 1520

J=FNFX

NEXT X

FOR X=A1l TO Bl STEP 2*A8
LABEL (*,F4,1.7,0,P)
PLOT X,A2,1

CPLOT FNJX/2-1,-1




1570 GCSUR 1+J* (1- NO1 X) OF 130,150,170,199,210
1580 LABEL (*)X;

1590 NEXT X

1600 J=0

1610 FOR Y=A2 TO S4 STEP 2*A5

1620 IF FNFY<J TBEN 1640

1630 J=FNFY

1640 NEXT Y

1650 FOR Y=A2 TO S4 STEP 2*p5

1660 PLOT Al,Y,1l

1670 CPLOT FNJY-1.3,-0.3

1680 GOSUB 14J* (1- NOT vY) OF 130,150,170,1990,210
1650 LABREL (*)Y;

1700 NEXT Y

1710 FLCT Al+21/2,22,1

1720 LAREL (*,F3,1.7,0,F)

1730 CPLOT -5,-1.7

1740 LABEL (*)"207";

1750 CPLOT J,-0.3

1769 LABEL (*)"Pb/";

1770 CPLOT 0,0.3

1780 LAEEL (*)"233";

179 CPLOT 0,~-0.3

1800 LABEL (*)"U";

1810 PLOT Al,A2451/2,1

1820 LABEL (*,F4,1.7,0,P)

1830 CrLOT -P1,0

1840 LABEL (*,F3,1.7,90,P)

1€50 CPLOT -5,0.8

1860 LAREL (*)"206";

1870 CPLOT 0,-0.3

1680 LABEL (*)"Pb/";

1¢€90 cCcplLoT 0,0.3

1900 LABEL (*)"238";

1910 CPLOT 0,-0.3

1920 LABEL (*)"u";

1930 FIXED Q

1940 FOR H1=0 TO B3 STEP A9

1650 IF FNAH1>A1l AND FNBH1>A2 THEN 1670
1960 NEXT H1 '
1970 FOK T=H1-2*A9 TO B3 STEP A9/8
1980 X=FNAT

1990 Y=FNET

2000 IF X<Al OR Y<A2 THEN 2190
2010 PLOT X,Y

2020 IF T/A9#INT(T/A9) THEN 2190
2030 IF T=0 THEN 2180

2040 C=ATN(FNCT*P*P*P5/P6)~-90

2050 PLOT X,Y,1

2060 LABEL (*,1.15/PS%+0.8*p,1.7,C,P)
2070 CELOT -1/3,-1/4

2080 LAREL (*)"-";

2090 IF D/2#INT (D/2) THEN 2170
2100 PLOT X,Y,1
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2110
2120
2130
2140
2150
2160
2170
2180
2199
2200
2210
2220
2230
2240
2250
2260
2270
22890
2250
2300
23190
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
24290
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
25790
2580
25990
2600
2610
2620
2630
2640

X1=3+FNGT

E=1.28/P9+0.8*p

IF AL>X+E*PS*P*(SINQ/200-(X1+0.5)*COSQ/(67*1L.7)) THEN 2170
IF S4<Y+P6*E* (COSQ/200-X1*SINQ/(67*1L.7)) THEN 2170
CPLOT -X1,-1/4

LAREL (*)T;

PLOT X,Y

D=D+1

NEXT T

PLOT Al+Z1/20,B2-51/20,1

SLANT 20

LABEL (*,1.35/P%+B,1.7,0,P)RAS;

PRINT "INPUT L TC LETTER ON FLOT"TABR3B"CONT 2240 TO RESTART DATA-PLOT"LIN2
K=1 :

N=J

SLANT O

LINE

WINDOW Al,Bl,r2,54

AS$S="I1iL1PpEe+*"

DISF "DATA SYMBOL OR CODE"

WAIT 1500

DISP "P=POLYGON,F=ERPF/FLL,I=INTLECEPTS";

INPUT BS[1,1]

A=POS(AS,BS)

GOTO A OF 4790,4799,5650,5650,3020,3020

DISP "NUMBER OF POINTS";

STARDARD

INPUT 11

N=N+I1

IF N <= 20 THEN 2440

PRINT "***NO MORE THAN 20 FOINTS ALLOVED***"[IN3
N=N-I1

GOTO 2360

PRINT TAB20"INPUT ERRORS IN PERCENT, 2-SIGIHA“LIN2
PRINT “"SET#% 206/238 --—- $ERR"TAE35"207/235 —--- $ERF"TAE60"CORRELATION"
PRINT

FOR I=K TO N

GOSUB 2510

NEXT I

GOTC 2620

DISF "6/8, EKR, 7/5, EREK, CORREL.";

INPUT Y[I],G[1],X[1],2[1],R[1]

IF  NOT (X[IJ*Y[I}*G(I1*A[I]) THEN 5810
O[I1=RA[1]"2+G[1] 2-2*R[I1*2(I]1*G[1I]

IF Q[I] >= 0 THEN 2580

PRINT LIN2"ERROR-CORREL. OF"R[I]"IS TCO HIGh Ok nRRORS OT"G[Ij"&"A[I],LIN3
GOTO 2510

PRINT I;TABE;Y|I1;TAB20;G[1);TAB33;X[I];TARAY6;A 1] ;TABRY " (1]
BII1=X[I1*A[1}/100

ClI)=Y[I]1*G[I]/100

RETURN

PRINT LIN2

DISP "SET# 10 BE EDITED? (0=0K)";

INPUT I




2650 1F I=0 THEN 2680

2660 GOSUB 2510

2670 GOTO 2620

2680 FOR I=K TO N

2690 IF (X[I] >= AL)*(Y[I] >= A2)*(X[I] <= DBLl)*(Y[I]<S4) THEN 2720
2700 PRINT "DATA FOINT"I"("Y[I]):X[1]") FALLS OUTSIDE PLOT LIMITS"LIN1
2710 GOTC 2810

2720 PLOT X[1]1,Y¥(11,1

2730 GOTO A-4 OF 3050,3050,2830,2830,2770,277)
2740 LABEL (*,0.83/pP9+B/2,1,9,P)

2750 CPLCT -1/3,-1/4

2760 GOTC 2790

2770 LABEL (*,1.13*(1+B)/P9,1.7,0,P)

2780 GOTO 2750

2790 LABEL (*)BS;

2800 PEN

2810 NE¥T I

2820 GCTO 3130

2830 S=1-R[I]"2

2840 B3=-2*R[I]/(R[I]*C[1]*S)

2850 83=1/(S*C[(I]72)

2860 FOR J=1 TO 1l+(A=7)

2870 FOR F=-1 TO 1 STEF 2

2680 F3=-F*B[I])/(1+INT(800*R[I])/F5))

2890 FCR X=F*B[I] TC -F*B[I]+F3/2 STEP F3
2900 Fl=(B3*X) 2-4*S3* (X*X/(S*B[I1]72)-1)
2910 Fl=F1*(F1>0)

2920 PLOT X[I]+X,FNOF

2930 IF J=1 THEN 2960

2940 F=-F

2950 PLOT X[I]+X,FNOF

2960 NEXT X

2970 IF J=2 THEN 3000

2880 NEXT F

2990 NEXT J

3000 PEN

3010 GOTO 2800

3020 DISP "¢ SIDES, ROTATION, SIZE (1-10)";
3030 INPUT R3,A9,53

3040 GOCTC 2360

3050 FCR D=0 TO (S3>2.5)+50* (A=5)

3060 B5=P5*(S3/340~D/900)

3070 IF B5<0 THEN 2800

3080 FOR J=A9 TO A9+360 STEP 360/B3

3090 PLOT X[I]+B5*C0SJ,Y[I]+B5*SINJ*PG6/(FP*P5)
3100 NEXT J

3110 NEXT D

3120 GOTO 2800

3130 PLOT B1,S54,1

3140 IF N<2 THEN 3180

3150 DISP “YORKFIT? 1=YESY;

3160 INPUT F

3170 IF F=1 THEN 3230

3180 DISP "DATA TO BE RETAINELR? 1=YES";

729




3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3380
3400
3410
34290
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
36590
3660
3670
3680
3690
3700
3710
3720

INPUT F

IF F41 THEN 2240

K=N+1

GOTO 2300

DISP "NAME FOR YORKFIT DATA";
INPUT AS[1,38]

PRINT SPAl1"**kkkkkkkhkkkxkkkkk YORKFIT ¥ *khkhkxkhhhrxhkhkkk k" TN2
PRINT "SAMPLE DATA: "A$" - PLCT CODE "BS$,LIN2" (ERRORS ARE % 2-SIGMA)"LIN2
PRINT "SET# 206/238 -- RFRR"TAR28"207/235 -~ $ERR"TABS1"RERR-7/6";

PRINT TAB63"CORREL."LIN2

FORMAT ¥3.0,F12.5,F8.2,F11.4,F8.2,6X,F8.2,5%X,F6.2
13=0

0=0.1

$3=0Q

11=0

0=53

Il=1+11

DISP "ITERATION"I1

GOTO (I1>1 AND 1I3=0)+2*(I1>10) OF 3480,5790,5790
FOR I=1 TO N

IF NOT I3 THEN 3440

Gl[I1=1

¢lI1=1/0"2

R{I]=0

GOTO 3470

WRITE (G,3290)1,Y[I),G[I},X[I1,A[1],SCRCII],R[I]
Q[I]=(2/C[I]):2

GlIl=(2/B[1]) 2

NEXT I

S1=p5=D=S2=E=%1=X1=Y1=0

FCR I=1 TO N

A[I]1=SQR(G[I]1*Q[I])
Z{1)1=CI[I1*Q[I]1/(Q*Q*CQ[I]+G[I])-2*C*R[I]*A[I1])
$1=51+2 (1) ‘

NEXT I

FOR I=1 TO N

X1=X1+Z [1]1*X([1]/281

Yl=Y1+Z [I]1*Y[1]/S1

NEXT I

FOR I=1 TO N
U[I]=X[1I]-X1
V([Il=Y[1I]-Y1
B5=B5+(Z[I]72)* ((
D=D+(2{I]72)*(U[1
21=Z1+Z[I]1*U[I] 2
S2=824Z[I]1*%X[I] "2
E=E+(Z[I]"2)*(U[I]*V[I]/Q[I]-R{I}*(V[I]1"2)/A[I])
NEXT I

S3=B5" 2+4*D*E

IF S$3<0 THEN 5790

S3=(~B5+SQRS3) / (2*D)

IF (ABS (S3-Q) >ABS(S3/1E+04)) THEN 3340

DISP "CALCULATINCG ERROKS"

0=53

U[I172)/Q[1]-(V[1]72)/G[1])
1*VII1/GII]-RII]1*(U[I]"2)/A[1])
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3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3859
3860
3870
3880
3890
3500
39190
3620
3930
3940
3950
3960
3970
3980
3580
4000
4010
4020
40390
4040
4050
4060
4070
40890
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
41990
4200
4210
4229
4230
4240
4259
4260

B5=A8=A9=21=H1=H2=S2=A=C=F=F1=42=23=75=D=E=8=F 3=y

FOR 1=1 TO N

S=S+(N>2)*Z [I]* ((V[I]-Q*U[I])"2)

NEXT I

AR7=Y1-Q*X1l

FOR I=1 TO N
BII1=2[1]72%(Q72*V[I]/G[I]-2%0"2*R[I]*U(I]/A[I]+2*Q*U(I)/Q(I]1-VII]/QI[I])
CII1=2[I]72%(Q 2*%U[I]/G[I)~-2*Q*V[I)/CG(I]~-U[I1/Q[I}+2*R[I}*V[I]/R[I])
722=722+B[1]

23=%3+C[1]

A=Z [I] " 3*(R{IJ*A[I]-Q*Q[I])*(O*U[I]-V[I])
C=0(I]/Q[I}+0*V[I]/G[I}-R[I]*(C*U[I]+V[I])/N[I]

A5=A5+4*(A*C)/A[1] "2

D4=2%*Z [I]172*(Q*Q[I]-R{I1*A[I])/(S1*A[1] &)

D=D4+D4*U [1]

E=E4D4*V [1]

BS=BS+Z [I1]72*(U[1) "2*%(1/Q{I]1=-2*%Q*R{I]/A[1])+VII])*(2*Q*U[T]-V([1])/G[I])
NEXT I

FOR I=1 TO N

B[I]=B[I}-2[I]*22/S1

A8=A8+B[1]"2/G[1]

Ccl11=C[1]-2[11*23/S1

A=D* (Q*Q*V([I]/G[I]+2*Q*U(I]/C[I]~-V[I]/Q[1I
C=E* (Q*Q*U[I]/G(1]-2*Q*V([I]/G[I]-U[I]/CI1
F=-2*R{I}* (O*Q*U[I]*D-V[I]*E)/A[I]
F1=F1+4Z [I]~ 2* (A+C+F)

A9=p9+4C[I)"2/Q[1]

NEXT I

LY9=B5+A5+4F1

FOR I=1 TO N

F3=F3+2 [I] 2*(R{IJ*A[I]-0*O[1])*(V[I]-0*U[1])/(A[1])"2
NEXT I

FOR I=1 TO N

F4=-Q*Z [1]/S1+(2%¥F3/S1-X1)* (-B[I]/D9)
F7=%2[11/S1+(2*F3/S1-X1)*(-C[1]/L9Y)

Z1=214F472/G[1]

H1=H1+B[I])*C[I]*R[I]/A[I]

H2=H2+4F4*F7*R(1}/2 (1]

§2=82+F772/Q([1]

NEXT I

F1=SQR(Z14S2+2*H2)

B3=(SQR(A8+A942*H1)) /D9
S1=(N>2)*F1*SQR(S/(N-2+4(N=2)))
B5=(N>2)*B3*SQR(S/(N-24(N=2)))

IF I3 THEN 4320

DISP "CALCULATING CHI-SQUARE SCLUTIOAN"

1)
1)

IF S#0 AND S <= 454 THEN 4229

A= NOT S

GOTC 4240

B=((S/2)" ((N=2)/2))* ((EXP (-S/2))/FNT (N+2))* (1+FNRS)

A= (1-A)* (A#0)

I0=1+(A<0.01)+(A<0.3)

WRITE (G,4430)

PRINT "**MODEL 1 SOLUTION -- ASSUMES ALL SCATTER DUE TC ANALYTICAL ERRCOR**"
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4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4350
4400
4410
4420
4430
44490
4450
4460
4470
4480
44990
4500
4510
4520
4530
45490
45590
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4650
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800

I15=p2=1.96*B3

I14=pP1=1.96*F1

02=0

A6=AT

GOTC 4400

PRINT LIN1"****x*xx*x*x**MODEL 2 SOLUTION -- [CUALLY WEIGHTED POINTS, ASSUMES"
PRINT "*kkkkkkkkhkhkkkkhhkkkkkrokkhxkx*xNORMAL, DISTRIBUTICN OF RESIDUALS*** %%V
RESTORE 4770

FOR I=1 TO N-2

READ C

NEXT I

P2=C*B5

P1=C*S1

PRINT LINZ2,SPA33"SICFE"SPA19"INTERCEPT"

PRINT SPA33"——=—-- "SPAl9M - "LINZ2

PRINT “"BEST-FIT:"71TRE31,Q;TABS56;A7

FORMAT 72%"-"

WRITE (G,4430)

IF I3 THEN 4470

PRINT "ERROR (1-SIGMA, A PRICRI1) "TAB31,B3;TABS6;F1,LINL

FRINT "ERROR (1-SIGHA, INCL. SCATTER) "TAB31,B5;TAR56;S1

PRINT LIN1,"ERROR {(95% CONFIDENCE LIMITS)"TAR31,P2;TABS6;F1,LIN1

FPRINT LIN1"COORDINATES OF CENTROID: X="X1:"Y="Y1,LIN1

IF I3 THEN 4560

FORMAT "SUMS =",r7.1," -- FOLLOWS CHI-SQUARE DISTRIBUTICN AEOUT",F3.0,/
WRITE (G,4510)S,N-2

PRINT "THE CBESERVED SCATTER WILL BE CAUSED BY THE ASSIGNED ANALYTICAL"
FORMAT 15X,"ERRCRS ALONE",F7.2,"% OF TPFF TINMNE"

WRITE (G,4540) 100*A

WRITE (G,4430)

I13=1+13

IF I3#2 AND I0>1 THEN 3330

IF 10=2 THEN 4620

I0=(10=1)+42*(10=3)

GOTO 4650
CISF "MODEL 1 OR MODEL 2 SOLUTION";
INPUT 10

IF I04%1 AND I0#2 THEN 4620

0=Q2* (I0=1) +Q* (10=2)

A7=A6*(10=1)+A7*(10=2)

P2=pP2* (I0=2)+I5*(10=1)

Pl=P1l*(10=2)+14* (I0=1)

LINE KO

WINDOW Al,B1-P5/50,A2,B2

F= ((AL*Q+A7)<A2)+((B2-A7)/C>EL) /2

PLOT ((A2-A7)/C)*INTF+Al* NOT INTF,A2*INTF+(AL*Q+A7)* NOT INTF

PLOT Bl*(INTF<F)+((B2-A7)/C)* (INTF=F), (C*B81+A7)* (INTF<F)+B2* (INTE=F), 2
KO=K0-2+5%*(K0<4)

GOTO 2240

REM STUDENTS-T TABLE

DATA 12.71,4.3,3.18,2.78,2.57,2.45,2.36,2.31,2.26,2.23,2.2,2.18,2.16,2.14
paTAa 2.13,2.12,2.11,2.1

DISP "CALCULATING INTERCFPTS"

FOR J=1 TO 2
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4810 T1=-500+5500*(J-1)

4820 X=(A7+FNCTL1*ENATL-FNET1)/ (FNCT1-0)

4830 IF X<-1 THEN 5730

4840 T=FNDX

4850 IF ABS(T-T1)<0.01 THEN 48890

4860 T1=T

4870 GOTC 4820

4880 G[J]=T

4890 NEXT J

4900 DISP “"CALCULATING UNCEETAINTIES"

4610 EAD

4920 D=P2* (COS(ATNQ)) 2

430 Q= (TAN(AIR(Q+D))+TAR(PTN(C D)y))/2

4940 H2= (TAN(ATN(C+D) )-TAN(RTNM(C- D YY) /2

4950 A7=Y1-Q*X1

4960 Pl=Pl+(H2-P2)*X1

4970 FOR J=3 TC 6

4580 T1=-1000+47000% (J>4)

4660 F3=1-2*% (J/24INT(J/2))

5000 13=1E+99

5010 GOSUR 5050

5020 G([J]=T

5030 NEXT J

5040 GOTO 5190

5050 S1=FNCT1

5060 BS5=FNBT1-S1*FNATI1

5370 D=2* ((B5-A7)*(S1-Q)+X1*H272)

5080 E=(S1-¢)"2-1n2"2

5080 $2=D72-4*E* ((B5-07) " 2-F172)

5100 IF $2<0 THEN 5750

5110 X=(-D+F3* (SQRS2))/(2*F)

5120 IF X<-1 THEWR 575

5130 T=FNDX

5140 GOTO (ABS(T-T1)>I3)+42% (ARS(1-11)<0.1) CF 57503,51863,575)
5150 I3=ARBS(T-TLl)

5150 11=T

5170 GOTO 5050

5180 RETURN

5190 G[81=RABS((G[4]1-G[3))/2)*(C[3]#0)*(G[4]+0)

5230 G[9)=RERS((G[6]-GI[5]1)/2)*(G[61+D)*(G|H]H0)

5210 PRINT "<<<<<<L<< MODEL"IJ"CONCCRDIA=TINIETIFPT SOLUTION >>>>>>>>>"LIN2
5220 FIXED 1

5230 PRINT LINI"LOWLR INTERCEPT: "G{L1"+/-"C[51"(>"G[3]",<"G[4]") M.¥Y."
5240 PRINT LIN2"UPEEF INTERCEPT: "G[2]"+/=-"G[S]"(O"G[51",<"G[C]") ~.Y."
5250 PRINT LIN2" (UNCERTAINTIFES ARE 95% CONFIDIRCE LIMITS)®
5260 VWFITE (G,4430)

5270 EFINT LIN2

5280 DEG

5290 SLANT 390

5390 FLOT B1,A2,1

5310 FORMAT "UC-99,0,0,99,4,0,-99,-2,9,499,),-5,-99,-2,3,99,4,0,-96"
5320 LABEL (*,1.2/P9+0.9*B 1 7,0,F)

5330 CPLOT -25,2+Q1%*3

5340 Ql=01+1
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5350
5360
5370
53890
5350
5400
5410
5420
5439
5440
5450
5460
5470
54890
5490
5500
5510
5520
5530
55490
5550
5569
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
56590
57090
5710
5720
5730
5740
5753
5760
5770
57890
5790
5800
5810
5820
5830

LABEL (*)"INTERCEPTS AT";

CPLOT -20+3* ((G[81=2)+(C[9]1=0)),-1L.1

FCR I=1 TO 2

FIXED O

LAEEL (*)C[1];

IF  NOT G[I+7] THEN 54590

CPLOT FNII-3*(FNII>3)-4,0

WRITE (705,5310)

FIXFD 0

LABEL (*)G[I+71;

CPLOT FNI(I+7)=2*(ENI(I+7)>3)-3.8+1.5*(CG[1+3]=0),0
IF I=2 THEN 5460

LABEL (*)"and";

NEXT 1

LABEL (*)"M.Yy."

DISP “"ENTEER 1 FCR ERROR-ENVELOPE PLOT";

INPUT F3

IF F3#1 THEN 2239

LINE 0

FCR I=1 TC 2

FOR X=Al TC Bl STEP P5/10C0

F=(P172411272%%* (X-2*%X1) )

IF F<0 THEN 5610

F=AT7+X*Q+ (3-2*1) *SORF

GOTC (F<KA2)+2*(F>E2) OF 5600,5610

PLOT X,F

NEXT X

PEN

NEXT 1

GOTO 2239

DISP "LETTER SIZE (TITLE WAS 1)";

INPUT F

LABEL (*,F*1.35/P9+B,1.7,0,P)

LETTER

DISP "INPUT STATEMENT FOP LETTERING";

INPUT AS

LAREL (*)AS

GOTO 2240

PRINT "“*****x* CHORD DOES NOT HPVE TWC CCNCORDIA IWTEFCEPTS **k*x*kx*k*x "] TN3
GOTC 2240

T=0

AS="LOWERUPPER"

PRINT AS[1+5*%(IJ>4) ,5+5*(J>4)]" EKRCR-ENVELOPE HAS NO INTFRCEPT"LIN2
GOTO 5180

PRINT LIN2"DATA CANNOT BE FIT 70 A STFAICGHT LINE“LIN3
GOTO 2240

PRINT LIN2"*** YALUES MUST BE NONZERQ ***"LIN2
GOTO 2510

END
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APPENDIX III -- LIST OF INSTRUCTIONS PROGRAM

10 REM INSTRUCTIONS PROGRAM FOR K.R. LUDWIG CONCORDIA PLOTTER

20 SERROR F,40

30 IF F#3 THEN 59

40 FIND 40,1

50 PRINT TABY9"INSTRUCTIONS FOR HP-9831/9872 CONCCEDIA PLOTTING PROGRAM™

50 PRINT TAB7"U.S. Geological Survey Open-File Report $79-1692, K.R. Ludwig"LIN3
70 PRINT " DISPLAY"TAB40,"RRSPONSE"

80 PRINT " ~==--—- "TAB40, - "LINZ

90 PRINT "SiIZE: 1=STD, (2)=SMALL, 3=INSTR.? 1f 1 is entered, the plot will"
100 PRINT TAB30,"be scalea to fill an 8x10.5 inch sheet of"

110 PRINT TAB30"paper. If 2 is entered, the plot will be"

120 PRINT TAB3J"only 2/3 as large, and the numerals larjer"

130 PRINT TAB3Q0"so that an acceptable 35mm transparency"

140 PRINT TAB30"can be made from the plot. If 3 or -2"

150 PRINT TAB30"is entered, the plot may be user-scaled"

160 PRINT TABR30"using the P1l-P2 keys on the plotter. Q"

170 PRINT TAB30"will give relative label and symbol sizes"

180 PRINT TAB30"similar to an input of 1, whereas -2 will"

190 PRINT TAB30"give relative sizes similar to 2. To"

200 PRINT TAR30"obtain a printout of these instructions,”

210 PRINT TAR30"enter 3,"LIN2

220 PRINT "AGE LIMITS, M.Y. (MAX., MIN.)? Enter the maximum and minimum ages"
230 PRINT TAB30"which are to be included in the plot."

240 PRINT TAR30"If you wish a specific area to he shown,"”

250 PRINT TAB30"however, answer with any two equal numbers”

260 PRINT TAB30" (such as 0,0) ."LIN2

279 PRINT "7/5 AND 6/8 LIMITS?"TAR30"This display appears if you answered"

280 PRINT TAB30"the above display with a egual nunbers.”

290 PRINT TAB30"Enter 4 values- 7/5 min., 7/5 max.,"

300 PRINT TAB30"6/8 min. and 5/8 max. to define the plot"

310 PRINT TAB30"area."LIN2

320 PRINT “TITLE?"TAB30"Type in a title (no more than 38 letters)”

330 PRINT TAEB30"tc be lettered in the upper-left corner of"

340 PRINT 1AB30"the plot."LIN2

350 PRINT "P=POLYGON,E=ERROR/ELL,I=INTFRCEPTS?"TLIN2

360 PRINT "An input of “p” or P’ will permit any reqular polygon of any orien-"
370 BRINT "tation to be used as a plotting-symhol. 'P° will result in a solig”
330 PRINT " (filled in) polygon, whilst “p” gives an open (unfilled) figure."
393 PRINT "The subsequent 'ROTATION? request asks for the angle in degrees"
430 PRINT " (3 o’clock=0 deqgrees, 12 o'clock=9) deqrees, etcetera) of a vertex"
410 PRINT "of the polygon, and thes “SIZE?  recuest asks for relative size of"
420 PRINT "the polygon. Values of 2 to 3 are most useful., Size is pronortional”
439 PRINT "to the number entered,"LIN2

440 PRINT "An input of “e’or’E’ will give opsn or solid error-ellipses, "

450 PRINT "respectively, as plottiny-symbols."LIN2

460 PRINT "Any other upper-case keyboard character may also be used as a plot-"
470 PRINT "ting symbol (such as *,+,X%,0), provided that it does not plot asym-"
480 PRINT "metrically such as a “." or ~, ."LIN2

490 PRINT "An input of "I or i’ will result in calculation of the concordia"
500 PRINT "intercepts of a just-calculated Yorkfit chord."LIN2




510
520
530
540
550
5640
570
580
5990
600
510
520
530
349
5590
550
570
530
530
700
710
7240
730
740
750
760
770
7890
790
800
810
820
330
849
B50
860
870
380
890
930
910
920
930
540
9590
9690
S70
989
Y99
1000
1019
1020
1030
1040

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PRINT
PRINT

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

"An input of ‘L” or “1° will permit you to letter any statement"

“anywhere on the plot. The subsequent ‘LETTER SIZE?  request asks for
“a number defining size of the letters, relative to the size used for"
"the plot title. A “?° will then appear in the display, at which"
"point you may position the pen by using the four “arrow’ keys at the"
"top of the keyboard. DO NOT PRESS A CHARACTER KEY, or the character"
"will be immediately printed on the plot. Press the STOP key when the"
"pen is positioned correctly. Then type in the statement to be"
"lettered, and press the "EXECUTE’ key. You can repeat the sequence"
"to obtain several lines."LIN2

“NUMBER OF POINTS?"TAB30"Enter the number of data-points (must"

TAB30"be <=3J) that you wish plotted with a"

TAB30"qgiven plotting symbol or color ."LIN2

"6/8, ERR, 7/5, SRR, COFREL.? &Enter 5 values- the 206/238 and 207/235

TAB30"values and errors, and the error-correl-"

TAB30"ations. The errors must be entered in"

TAB30"percent and at the 2-sigma (or 95%-conf."

TaAB30" level), and the error-correlation must be"

TAB30"between -1 and 1. The errors and cor-"

TAB30"relations must agree with the form"

TAE30"Rxy=(Ex"2+Ey " 2-Ez"2)/2ExXEv, where Rxy"

TAB3Q"is the error-correlation, Ex, Ly, and Ez"

TAB30" are the percent errors in 207/2%5, 206/238"

TAB30" and 207/296, respectively."LIN2

"SET# TC BE EDITED (0=0K)?"TAR3J"If all of the numbers in the above"

TAB30" “scratchpad’ printout are correct, enter"

TAB30"3. Otherwise, enter the number of the"

TAB30"data-set that you wish to edit."LIN2

"YORKFIT? 1=YES?"TAB30"If you wish a York regression line"

TAB30"calculated for the vlotted data, enter"

1TAB30"1., 1If not, enter any other number.,"LIN2

"DATA TO BE RETAINED?- 1=YES? 1If you wish the just-plotted data to be

TAB30" added to later data-points with differ-"

TAB30"-ent plotting-symbols or colors, for"

TAB30"a later vYorkfit, enter 1. If not, enter"

1TAB30" any other number."LIN2

"NAME FOR THIS DATA SET?"TAB30"Enter a name for the Yorkfit printout"

LIN3,TAB35"REMARKS : "LIN2

" The Yorkfit routines are done on the basis of one of two sets"
"of assumptions. The initial Yorkfit weights the points according to"
"analytical error, and calculates the 95% confidence-limit uncertain-"

"ties considering only the assigned analytical errors, without regard"

“to the actual scatter of the points (MODEL 1). This is equivalent to

"York’s original method and to a McIntyre lMfodel 1 fit. 1If the chi-"
"square probability calculation indicates that the assigned errors"

"should result in the observed scatter more than 30% of the time, this

"MODEL 1l result is accepted without further calculation. 1f, however"

“the calculated probability is less than 30%, the Yorkfit is reveated,
"using egually-weighted points with zero correlation, and with 953"
"confidence-limit uncertainties calculated on the basis of the ob-"
"served scatter and N-2 degrees of freedom (MODEL 2). If the Chi-"
"square probability was less than 1%, the program will consider only"
“the MODEL 2 result for any subsequent calculations. 1If the proba-"
"bility is between 1% and 30%, the choice of models is left to the"

3




1050
1060
1070
1080
10990

PRINT "“user."LIN4
SERROR F,1090

IF F#-1 THEN 1090
LOAD #0,1
END

32




