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Teaching System using Personal Computer combined with Video Projector

—— Study of McCabe-Thiele Method with New
Vapor-Liquid Equilibrium Equation —

Katsushi UNO and Yasuaki SASAMURA
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Abstract

New binary vapor-liquid equilibrium equation is proposed for the McCabe-Thiele method, which
calculates the number of theoretical plates required in continuous fractionating column.
The program is developed to express the intermadiate result of calculation on the graphic display

according to need.
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Tab. 1

Example of Binary Mixtures

1. Methanol - Water
OLEVSKI!:V.H.'GOLUBEV-I.F.:TR.GIAP.-NO.&-AS(I?SO)

2, Ethanol - Ethylbenzene
ELLIS.S.R.M.yCLARK.M.B.:BRIT.CHEM.ENG..VOL.6'92(1961)

3. Carbon Tetrachloride - Cyclohexane
RDDGER.A.J.:C.C.HSU:J.CHEH.ENG.DATA:VOL.14(3)v362(1969)

4. Benzene - Toluene
ROLLET-A.P.nELKAIM'G.:COMPT.REND.-VOL.242.2560(1956)

5. Isopropanol - Water
KOJIMA.K..K.OCHI-Y.NAKAZAUA:KAGAKUKOUGAKU-VOL.32:4‘1(1968)

Bm 3

Methanol -~ Water
Data from OLEVSKII,V.M. & GOLUBEV,I.F.,TR.GIAP. NO.6+,45(1956)
Number of Data = 15

Vapor-Liquid Equilibrium Equation
proposed by Katsushi UNO

AnX
Y =
A%X ¢+ (1-X)#(1-X+BuX~C)
wvhere X : Mole Fraction of more Volatile Component in Liquid
Y : Mole Fraction of more Volatile Component in Vapor

Please wait a minute,
while on determining the parameters of the above equation,

Residual Sum of Squares = 0.000091

A = 7.60616
B = 3.50203
C = 1.10321

Please push space key down.

Input operational conditions @E‘l

1.0 T T T T T T
XW= 7 0.1 RFAC= 7 3
XF= 2 0.5 a= 7 0.5 Methanol - Water .
Xp= 2 0.9 z

0.8 L0 T
Q-Lipe L e e 4
Y=(Q/(Q-1))X-XF/(Q-1) (XPIYP) /,f’ /
Y= -1.0000X + 1.0000 K- - .
XP= 0.3194 YP= 0.6806 0.6 (}UP-YOP{/,// ///

./

Minimum Reflux Ratio RM Y v
RM=(XD~YP)/(YP-XP)= 0.6073
Operating Reflux Ratio R 0.

R=RM#RFAC= 1.8218
X0P= 0.4139  YOP= 0.5861
Upper Operating Line

Y=(R/(R+1))X+XD/ (R+1)
Y= 0.6456X + 0.3189

Lower Operating Line
Y= 1.5489X - 0.0549
Please push space key down. Fig. 1 Graphical Solution of McCabe-Thiele
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B 5 '

XW= 0.100

XF= 0.500
XD= 0.900
RM=  0.607
RFAC= 3.00
R= 1.8218

a= 0.500
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Flg. 2 Graphical Solution of McCabe-Thiele
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Fig. 2 Graphical Solution of McCabe-Thiele
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1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130

' FILE NAME "KIYO021.DIS"

* McCabe—Thiele @ REREN

LPRINT " Date = ";DATES$; :LPRINT " Time = ";TIME$

*MAIN : CONSOLE 0,25,0,1:WIDTH 80,25:SCREEN 3:CLS 3

WINDOW (-.95,-1.07)-(1.03,.16) ¢ COLOR 6

DIM XH(6,30),YH(6,30),XE(30),YE(30),X(103),Y(103),KNAS(6), LNA$(6) KND(6)
LOCATE 20,0 : PRINT " —— PROGRAM DISTILLATION
COLOR 5 : LOCATE 25,10 : PRINT"McCabe-Thiele Method for the Number":
LOCATE 25,12 : PRINT"of Stages required in Distillation";

COLOR 2 : LOCATE 0,24:PRINT " Date = “;DATE$:: PRINT " Time = "“;TIMES$;
FOR K=1 TO 5 : READ KNA$(K),KND(K) : ND=KND(K)

FOR I=1 TO ND:READ XH(K,I):NEXT I:FOR I=1 TO ND:READ YH(K,I):NEXT I,K
COLOR 4 : LOCATE 52,24 : PRINT "Please push space key down.";:COLOR 7
WHILE INKEY$<>" " :WEND : CLS 3

1140 °*

1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

DATA Methanol - Water ,15

LNA$(1)="OLEVSKII,V.M. & GOLUBEV,I.F.,TR.GIAP.,NO.t,45(1956)"

DATA 0.020, 0.040, 0.060, 0.080, 0.100, 0.150, 0.200, 0.300, 0.400, 0.500
DATA 0.600, 0.700, 0.800, 0.900, 0.950

DATA 0.134, 0.230, 0.304, 0.365, 0.418, 0.517, 0.579, 0.665, 0.729, 0.779
DATA 0.825, 0.870, 0.915, 0.958, 0.979

DATA Ethanol - Ethylbenzene ,10

LNA$(2)="ELLIS,S.R.M. & CLARK,M.B.,BRIT.CHEM.ENG.,VOL.6,92(1961)"

DATA 0.024, 0.048, 0.082, 0.108, 0.150, 0.260, 0.510, 0.616, 0.710, 0.820
DATA 0.340, 0.525, 0.660, 0.713, 0.765, 0.815, 0.849, 0.863, 0.875, 0.903
DATA Carbon Tetrachloride - Cyclohexane ,18

LNA$(3)="RODGER,A.J. & C.C.HSU,J.CHEM.ENG.DATA,VOL.14(3),362(1969)"

DATA 0.022, 0.077, 0.140, 0.199, 0.258, 0.316, 0.376, 0.438, 0.482, 0.497
DATA 0.548, 0.610, 0.676, 0.737, 0.799, 0.860, 0.919, 0.980

DATA 0.024, 0.091, 0.162, 0.227, 0.290, 0.350, 0.409, 0.470, 0.513, 0.529
DATA 0.576, 0.636, 0.696, 0.753, 0.810, 0.866, 0.922, 0.981

DATA Benzene - Toluene ,13

LNA$(4)="ROLLET,A.P. & ELKAIM,G.,COMPT.REND.,VOL.242,2560(1956)"

DATA 0.000, 0.050, 0.100, 0.200, 0.300, 0.400, 0.500, 0.600, 0.700, 0.800
DATA 0.900, 0.950, 1.000

DATA 0.000, 0.108, 0.206, 0.372, 0.508, 0.621, 0.714, 0.792, 0.857, 0.913
DATA 0.960, 0.981, 1.000

DATA Isopropanol - Water ,18

LNA$(5)="KOJIMA,K. & K.OCHI & Y.NAKAZAWA,KAGAKUKOUGAKU,VOL.32,441(1968)"
DATA 0.005, 0.007., 0.013, 0.036, 0.068, 0.133, 0.165, 0.320, 0.334, 0.375
DATA 0.472, 0.476, 0.520, 0.595, 0.788, 0.802, 0.930, 0.966

DATA 0.081, 0.141, 0.219, 0.369, 0.465, 0.504, 0.515, 0.546, 0.549, 0.562
DATA 0.586, 0.589, 0.603, 0.633, 0.755, 0.768, 0.901, 0.952

LOCATE 10,1 : PRINT "Example of Binary Mixtures"

FOR K=1 TO 5 : LOCATE 10,2%K+2 : COLOR K+1 : PRINT USING " # "{ K 3

PRINT KNA$(K) : NEXT K : COLOR 7 : LOCATE 10,15

INPUT "May I start ? > No. of Binary Mixture (1 - 5) ";KDATA

CLS 3 :IF KDATA > 0 THEN 1540 ELSE INPUT “"Name of Binary Mixture "iKNA$(0)

INPUT "Number of Data ";ND : KND(0)=ND:INPUT “Name of Article ";LNA$(0)

PRINT "X DATA INPUT":FOR I=1 TO ND:PRINT"No.";I;" “;:INPUT XH(O0,I):NEXT I

PRINT "Y DATA INPUT":FOR I=1 TO ND:PRINT"No.":1;" "3:INPUT YH(0,I):NEXT I

COLOR 6 : LOCATE 20,24 : PRINT "Please push space key down.";:COLOR 7

WHILE INKEY$<>" " :WEND : CLS 3

K=KDATA : KNAME$=KNA$(K) : LNAME$=LNA$(K) : ND=KND(K)

FOR I=1 TO ND : XE(I)=XH(K,I) : YE(I)=YH(K,I) : NEXT I

PRINT ";KNAME$ : PRINT "Data from ";LNAMES$

PRINT USING " Number of Data = "sND :PRINT

COLOR 5 : LOCATE 17,4 : PRINT “Vapor-Liquid Equlllbrium Equation”

LOCATE 21,5 : PRINT "proposed by Katsushi UNO" : PRINT : COLOR 2

PRINT " AxX "

PRINT " Y = "

PRINT " AxX + (1-X)%(1-X+B*%X~C) " : PRINT : COLOR 7

PRINT " where X Mole Fraction of more Volatile Component in Liquid”

PRINT * Y Mole Fraction of more Volatile Component in Vapor"

COLOR 4 : LOCATE 20,14 : PRINT "Please wait a minute,”

PRINT" while on determining the parameters of the above equation.”

GOSUB *MARQAT

COLOR 5 : LOCATE 25,19 : PRINT USING "A
LOCATE 25,20 : PRINT USING "B

PROGRAM—(1)

.
.
.
.

#i4 . HHREE "SA
#4444 "B
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1700 LOCATE 25,21 : PRINT USING "C = ###. #4444 “:C

1710 COLOR 6 : LOCATE 20,23 : PRINT "Please push space key down.":COLOR 7
1720 WHILE INKEY$<>" " :WEND : CONSOLE 0,25,0

1730 LPRINT " " ; KNAME$

1740 CLS 3 : GOSUB *XYLINE : LOCATE 0,0 :PRINT "Input operational conditions"
1750 LOCATE 0,2:INPUT “XW= ";XW:INPUT "XF= *;XF:INPUT "XD= ";XD : LOCATE 14,2
1760 INPUT "RFAC= ";RFAC:LOCATE 14,3 : INPUT "Q= "3iQ

1770 COLOR 2 : LOCATE 0,24 : PRINT "Please wait a minute.";:COLOR 7

1780 KSIGN=1 : GOSUB *REFLUX : IF KSIGN < 0 THEN 1840

1790 GOSUB *OPLINE : IF KSIGN < 0 THEN 1840 ELSE GOSUB *DANZU

1800 LPRINT " No. X Y"
1810 FOR L=0 TO NDAN : LPRINT USING " ## "iL3
1820 LPRINT USING " #. #8884 “IXL)SY(L) ¢ NEXT L

1830 LPRINT SPC(10);USING "Number of Theoretical Plates = ###. ###t# "RDAN
1840 LOCATE 0,23 : INPUT " Do you repeat a lesson (Y/N) ?",SGM$

1850 IF SGM$="Y" OR SGM$="y" THEN 1730 ELSE 1860

1860 LPRINT " Date = " iDATES$; :LPRINT " Time = ";TIME$

1870 END

1880 *

1890 *DANZU

1900 CONSOLE 0,25,0 : CLS 3 : ML~19

1910 LOCATE ML,2 : PRINT USING XW= #. #4##  "XW

1920 LOCATE ML,4 : PRINT USING " XF= #.### " IXF

1930 LOCATE ML,6 : PRINT USING " XD= #.### "“:XD

1940 LOCATE ML,8 : PRINT USING " RM= #i.###4 "IRM

1950 LOCATE ML,10: PRINT USING “ RFAC= #.### ";RFAC

1960 LOCATE ML,12: PRINT USING " R= ##.#### "SR

1970 LOCATE ML,14: PRINT USING " Q= ##.### ";Q

1980 LOCATE 41,3:PRINT KNAME$

1990 LINE (0,0)-(1,-1),7,B:LINE (0,0)-(1,~-1)

2000 FOR I=0 TO 1 STEP .1

2010 LINE (0,-1)-(.01,-1):LINE (1,-1)-(.99,-1)

2020 LINE (I, 0)-(I,-.02):LINE (I,-1)-(1,-.98)

2030 NEXT 1

2040 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2050 FOR J=1 TO ND:X1=XE(J):Y1=YE(J):CIRCLE (X1,-Y1),.008,4:NEXT J

2060 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2070 FOR K=0 TO 1 STEP .01 : X1=K : GOSUB *UNOVL

2080 IF K=0 THEN PSET (X1,-Y1)

2090 LINE -(X1,-Y1) : NEXT K

2100 LOCATE 0,24:PRINT “Please push space key down.";:WHILE INKEY$<>" ":WEND
2110 FOR I=0 TO 10 STEP 2:LOCATE 37+1%4,22:PRINT USING "#.#";1/10; :NEXT I
2120 FOR 1=0 TO 10 STEP 2:LOCATE 34,21-1%2: PRINT USING "#.#";1/10;:NEXT I
2130 LOCATE 51,23:PRINT " X :

2140 LOCATE 36,24:PRINT "Fig. 2 Graphical Solution of McCabe-Thiele";

2150 LOCATE 34,11 : PRINT "Y";

2160 LOCATE 61,15:PRINT "A ="3A

2170 LOCATE 61,16:PRINT "B =";B

2180 LOCATE 61,17:PRINT "C =":C

2190 LOCATE 52,18:PRINT USING "REFLUX RATIO = ##.####" R

2200 LINE (XW,-XW)-(XOP,-YOP),6:LINE (XOP,-YOP)-(XD,-XD),6

2210 LOCATE 0,24:PRINT “"Please push space key down.";:WHILE INKEY$<>" ":WEND
2220 LINE (XW,-XW)-(XW,0),5,,8H3333 : LOCATE 38+XWx40,22-XW»20 : PRINT "XW"
2230 LINE (XF,-XF)-(XF,0),5,,8H3333 : LOCATE 38+XF%40,22-XF%20 : PRINT "XF"
2240 LINE (XOP,-YOP)-(XF,-XF),5,,&H3333

2250 LINE (XD,-XD)-(XD,0),5,,8H3333 : LOCATE 38+XD%40,22-XD%20 : PRINT "XD"
2260 KDAN=0:NDAN=0:K=1:X(0)=XD:Y(0)=XD:X1=XD:Y1=XD:PSET (X1,-Y1),2:INDK=1
2270 WHILE X1>XW

2280 IF K>103 THEN PRINT "OVER !!":END

2290 XQ=.5 : GOSUB *NEWTON : X(K)=X1

2300 IF X(K)>XOP THEN Y(K)=ACON%X(K)+BCON : KDAN=KDAN+1 : GOTO 2330
2310 Y (K)=AREC*X (K)+BREC

2320 IF INDK<>2 THEN DANK=(KDAN)+(X(K-1)-X0OP)/(X(K-1)-X(K)) : INDK=2
2330 NDAN=NDAN+1:WHILE INKEY$<>" ":WEND:LINE -(X1,-Y1),2:Y1=Y(K)

2340 IF X1>XW THEN LINE -(X1,-Y1),2 ELSE PSET (XW,-Y(K-1)),2

2350 K=K+1

2360 WEND
2370 LINE -(XW,-XW),2:RDAN=(NDAN-1)+(X(K-2)-XW)/(X(K-2)-X(K-1)):Y(K-1)=X(K-1)
2380 LOCATE 0,24:PRINT " "3

2390 LOCATE 47,19:PRINT USING "THEORETICAL PLATE = ##.4###" RDAN : RETURN
PROGAM—(2)
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2410 *XYLINE

2420 LOCATE 41,3:PRINT KNAME$

2430 LINE (0,0)-(1,-1),7,B:LINE (0,0)-(1,-1)

2440 FOR I=0 TO 1 STEP .1:LINE (0,-1)-(.01,-1):LINE (1,-1)-€.99,-1)

2450 LINE (I, 0)-(I,-.02):LINE (I,-1)-(1,-.98):NEXT I
2460 FOR J=1 TO ND:X1=XE(J):Y1=YE(J):CIRCLE (X1,-Y1),.008,4:NEXT J

2470 FOR K=0 TO 1 STEP .01 : X1=K : GOSUB *UNOVL

2480 IF K=0 THEN PSET (X1,-Y1)

2490 LINE -(X1,-Y1) : NEXT K

2500 FOR I1=0 TO 10 STEP 2:LOCATE 37+1%4,22:PRINT USING "“#.#";1/10;:NEXT I
2510 FOR I=0 TO 10 STEP 2:LOCATE 34,21-I%2:PRINT USING "#.#"3;1/10;:NEXT 1
2520 RETURN

2530 °

2550 *UNOVL : IF X1<=0 THEN Y1=0:RETURN

2560 Y1=AxX1/(A%X1+(1-X1)%((1-X1)+B%X1~C)) : RETURN

2570 °

2580 *NEWTON

2590 IF XQ < APS THEN XQ=APS

2600 FQ=A*XQ+(1-XQ)*(1-XQ+B%XQ~C) : FP=AxXQ/FQ-Y1

2610 FD=A%(1-XQ"2+(1-C+C%XQ)*B%XQ~C)/FQ~2 : X1=XQ-FP/FD

2620 IF ABS((X1-XQ)/X1)<.00001 THEN RETURN ELSE XQ=X1 : GOTO 2590

2630 °

2640 *OPLINE :LOCATE 38+XWx40,22-XWx20:PRINT "XW"
2650 LOCATE 38+XDx40,22-XD%20:PRINT "XD":LOCATE 38+XF%40,22-XF%20:PRINT "“XF"
2660 LOCATE 34,11:PRINT "Y":LOCATE 51,23:PRINT " X "

2670 LOCATE 36,24:PRINT "Fig. 1 Graphical Solution of McCabe-Thiele";

2680 LOCATE 0,24:PRINT “"Please push space key down.";:WHILE INKEY$<>" ":WEND
2690 LINE (XP,-YP)-(XF,-XF),2,,8&H3333:COLOR 2 : LOCATE 31+XP%40,21-YP%20
2700 PRINT "(XP,YP)":LOCATE 0,6 : PRINT"Q-Line":PRINT "Y=(Q/(Q-1))X-XF/(Q-1)"
2710 PRINT USING “Y= ##.####X +"ASEN: :PRINT USING "##.####";-BSEN

2720 PRINT USING “"XP= #.#### ":XP; : PRINT USING " YP= #.#### ";YP

2730 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2740 LINE (XD,-XD)-(XP,-YP),5,,8&H3333 : COLOR 5 : LOCATE 0,11

2750 PRINT "Minimum Reflux Ratio RM":PRINT USING"RM=(XD-YP)/(YP-XP)=##.#i###" RM
2760 PRINT "Operating Reflux Ratio R":PRINT USING"R=RMxRFAC=##.####" (R

2770 LOCATE 29+X0P%40,21-YOP%20:PRINT "(XOP,YOP)" : LOCATE 0,16

2780 PRINT USING "XOP= #.#### “;XOP; : PRINT USING " YOP= #.#### "iYOP

2790 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2800 IF XD<YP THEN 2910

2810 LINE (XD.-XD)-(XOP,-YOP),6:LINE (XOP,-YOP)-(0,-BCON),6,,8H3333:COLOR 6
2820 LOCATE 0,18 : PRINT"Upper Operating Line" : PRINT "Y=(R/(R+1))X+XD/(R+1)"
2830 PRINT USING "Y= #.####X + ";ACON;:PRINT USING "#.####" BCON

2840 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2850 LINE (XOP,-YOP)-(XW,-XW),4,,&H3333 : COLOR 4

2860 LOCATE 0,22 : PRINT "Lower Operating Line"

2870 PRINT USING "Y= #.####X - ";AREC;:PRINT USING "#.####";-BREC;: COLOR 7
2880 LOCATE 0,24:PRINT "Please push space key down.";:WHILE INKEY$<>" ":WEND
2890 IF ABS(XP-XQ)<APS AND ABS(YP-YQ)<APS THEN 2800 ELSE 2910

2900 IF XW>XP AND XW>XOP THEN 2910 ELSE RETURN

2910 CLS 3:PRINT " *
2920 COLOR 3:PRINT "?77?°? ???":COLOR 7
2930 LPRINT SPC(10);"Please redo from start"”

2940 PRINT SPC(10);"Please redo from start”";: KSIGN=-1 : RETURN

2950 °

2960 *REFLUX

2970 IF KSIGN = 0 THEN 3020

2980 X1=XD : GOSUB *UNOVL : YD=Y1 : IF YD>XD THEN 3010 ELSE 2990

2990 CLS 3 : LOCATE 25,10 : PRINT " Azeotropic Mixture "3

3000 WHILE INKEY$<>" " : WEND : KSIGN=-1 : RETURN

3010 IF Q = 0 THEN 3060 ELSE IF Q = 1 THEN 3050 ELSE 3040

3020 ASEN=0 : BSEN=0 : RM=0 : R=0 : ACON=1 : BCON=0

3030 XP=0 : YP=0 : XOP=XF : YOP=XF : RETURN

3040 ASEN=Q/(Q-1) : BSEN=XF/(Q-1) : GOSUB *REGULA : GOTO 3070

3050 ASEN=XF : BSEN=0 : XP=XF : X1=XP : GOSUB *UNOVL : YP=Y1 : GOTO 3070
3060 ASEN=0 : BSEN=XF : YP=XF : Y1=YP : XQ=.5 : GOSUB *NEWTON : XP=Xl

3070 RM=(XD-YP)/(YP-XP) : R=RMxRFAC : ACON=R/(R+1) : BCON=XD/(R+1)

3080 IF Q=0 THEN YOP=XF : XOP=(YOP-BCON)/ACON :GOTO 3110

3090 IF Q=1 THEN XOP=XF : YOP=ACON*XOP+BCON : GOTO 3110

3100 XOP=(BSEN+BCON)/(ASEN-ACON) : YOP=ACON*XOP+BCON

3110 AREC=(YOP-XW)/(XOP-XW) :BREC=XWx(XOP-YOP)/(XOP-XW) : GOSUB xCHECK : RETURN

PROGRAM—(3)
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3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800

*REGULA

IF Q>1 THEN XYP=XD ELSE IF Q<0 THEN XYP=XW ELSE XYP=XF

XP=XYP ¢ YP=XYP : XY12=-1 : XY21=ASEN : XY22=-1

XY1=A%XP/ (A%XP+ (1-XP)*(1-XP+B%XP~C))-YP : XY2=ASEN%XP-BSEN-YP
XY11=A%(1-XP"2+(1-C+CXP)*BxXP~C)/ (A%XP+ (1-XP)*(1-XP+Bx%XP~C))"2
DY=(XY11%XY2-XY21%XY1)/ (XY21%XY12-XY11%XY22) : DX=-(XY1+XY12%xDY)/XY11
LPRINT "XP,DX,YP,DY";XP;DX;YP;DY : XP=XP+DX : YP=YP+DY

IF ABS(DX) =< APS AND ABS(DY) =< APS THEN RETURN

IF XP =< 0! THEN XP=APS

IF XP >= 1! THEN XP=1!-APS

GOTO 3160

*CHECK

XYQ=XD : AINF=(XD-YP)/(XD-XP) : BINF=YP-AINF*XP

LPRINT "XW,XF,XD,RFAC,Q,AINF,BINF";XW;XF;XD;RFAC;Q;AINF;BINF
XQ=XYQ : YQ=XYQ : XY12=-1 @ XY21=AINF : XY22=-1

XY1=A%XQ/ (A%XQ+(1-XQ)*# (| -XQ+B*XQ~C))-YQ : XY2=AINF*XQ+BINI'-YQ
XY11=A%(1-XQ"2+(1-C+C*XQ)*B%XQ"~C)/ (A%xXQ+(1-XQ)%*(1-XQ+B*XQ~C))"2
DY=(XY11%XY2-XY21%XY1)/(XY21%XY12-XY11%XY22) : DX=-(XY1+XY12xDY)/XY11
LPRINT "XQ,DX,YQ,DY":XQ:DX;YQ;DY : XQ=XQ+DX : YQ=YQ+DY

IF ABS(XP-XQ)<APS AND ABS(YP-YQ)<APS THEN 3360

IF ABS(DX) =< APS AND ABS(DY) =< APS THEN 3360

IF XQ>0! AND XQ<1! THEN 3290 ELSE XYQ=XYQ-(XD-XF)/10! : GOTO 3280
LPRINT "XP,XQ,YP,YQ":XP:XQ:YP;YQ : RETURN

*MARQAT

DIM BPM(3),BPMX(3),1B(3),XM(3),DXM(3),0MG(3),AM(3,3)

DIM AMM(3,4),FM(30),FMX(30),AJ(30,3)
NP=3:NP1=NP+1:APS=.000001:TOL=APS:AINC=10:DEC=.1:FLAM=1:DH=.001:EPS=.0001
RESTORE 3430 : FOR I=1 TO NP : READ BPM(I),IB(I):NEXT 1

DATA 10,1,5,1,1,1

CR=1:1G=0:1FN=0:GOSUB *FUNC

IBC=0:FOR I=1 TO NP:IBC=IBC+ABS(IB(1)):NEXT I:IF IBC=0 THEN RETURN
1G=1G+1:PM0=PM:FLAM=FLAM*DEC: IF FLAM<TOL THEN FLAM=TOL

FOR J=1 TO ND:FMX(J)=FM(J):NEXT J

FOR JM=1 TO NP:BPMX(JM)=BPM(JM):IF IB(JM)=0 THEN 3510

DELM= (ABS(BPM(JM) ) +DH) *DH : BPM( JM) =BPM(JM) +DELM: GOSUB *FUNC

FOR I=1 TO ND:AJ(I,JM)=(FM(I)-FMX(I))/DELM:NEXT I:BPM(JM)=BPM(JM)-DELM
NEXT JM

FOR I=1 TO NP:1F IB(1)=0 THEN 3570

XM(I)=0:FOR J=1 TO ND:XM(I)=XM(I)+AJ(J, 1) %FMX(J) :NEXT J

FOR J=1 TO NP:AM(I,J)=0:IF IB(J)=0 THEN 3560

FOR K=1 TO ND:AM(I,dJ)=AM(1,J)+AJ(K,I)*AJ(K,dJ) :NEXT K

NEXT J:GOTO 3580

FOR J=1 TO NP:AM(I,J)=0:NEXT J:AM(I,I1)=1:XM(1)=0

NEXT I

FOR I=1 TO NP:OMG(I)=SQR(AMC(I,I)):NEXT I

FOR I=1 TO NP:XM(I)=XM(I)/0OMG(1)

FOR J=1 TO NP:AM(I,J)=AM(1,dJ)/(OMG(1)*OMG(J)):NEXT J:NEXT I

FOR I=1 TO NP:AMM(I,NP1)=-XM(I)

FOR J=1 TO NP:AMM(I.J)=AM(I,dJ):NEXT J:AMMC(I,1)=AMMC(I,])+FLAM:NEXT I
FOR I=1 TO NP:II=I+1:FOR J=I1 TO NP1:AMM(I,J)=AMMCI,J)/AMMC(I, 1) :NEXT J
FOR J=1 TO NP:IF I=J THEN 3670

FOR K=I1 TO NP1:AMM(J,K)=AMM(J,K)-AMMC(],K)*AMM(J, 1) :NEXT K

NEXT J : NEXT I

FOR I=1 TO NP:DXM(I)=AMM(I,NP1)/0MG(I):BPM(1)=BPMX(I)+DXM(1):NEXT I

GOSUB *FUNC : IF IFN >= 100 THEN RETURN

IF PMCPMO THEN 3730

FLAM=FLAM*AINC :IF FLAM > 1E+10 THEN PRINT " OVER " : RETURN

GOTO 3620

KO=0:FOR J=1 TO NP:IF ABS(DXM(J))/(ABS(BPM(J))+DH)>EPS THEN KO=KO+1:NEXT J
IF KO=0 THEN RETURN ELSE 3460

*FUNC

A=BPM(1):B=BPM(2):C=BPM(3) : IFN=IFN+1:PM=0 : CR=CR+1 : IF CR>7 THEN CR=2
FOR K=1 TO ND:X1=XE(K):GOSUB %UNOVL:FM(K)=YE(K)-Y1:PM=PM+FM(K)~2:NEXT K
LOCATE 15,17:COLOR CR:PRINT USING"Residual Sum of Squares = ##.###### "“;PM
RETURN

PROGRAM—(4)
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