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zB= st

FH T SO g «f{ 55 ?Vijl%\[ﬂ R e iﬁffr%; i P RL 7
TR R R TR R o JRRE R TR £(9 =0
CHIPEN PRI NS N UL SR L RS R0 R TS S
Ao T AR b DR TS R i RLT R € SEBLOTRE -
fﬂﬂ['?ﬁrfﬁﬁ D-V frke (i st BT B0 A A S 8 (Transcendental
Equation) [ » RV 5 19 P-v-T RS ETs > S9ER i DL at R
F A h%fﬁ 2B AR R 2 e “‘J*E,??E'E'W\‘EJ%”U
i -

-

=—81 BIRIFRELE ‘

fiiﬁ'[ ot ’“?F J&f‘s‘i[wﬂ“ﬁﬂfg“k put kgl EEISPJIET‘@ *3# (Graeffe Root Square
Method) £t ﬂwww SA ARG (R PR S )
o P SERLA I i SR A R (R
B 17 5 {JFJ fY P FE AL ipjﬁg;lzﬂrﬁ  EIFIR ]ﬂﬁjiijdl"ﬁ'u—’ﬁ“é’lﬁﬁ o

@r% n & %p= f(x) 0V g, ay,, - o AL o 5 |y > ey >
oty > oo > |a,| o Bl 2ZB=0 i f O b

f(x)=ayx" +ax"+----+a ,x+a,=0 (5-1.1)
£ =2Ax”-‘z A=ala, (512
F(X)=(X—a)(X—ay)-- (X—an)zﬁ (X—¢) (5-1.3)

AR 400 1 100 ¥ ()
HX)= (D" f (X f(-x) = [H X—¢ )Hﬁ X+« )} = ﬁ x*-a?) (5-1.4)

i=1 i=1 i=1

e g0 ERFFHRE 2-R=0 o i B P2t R0
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n

f,0 =g(x) =] (x—a?) (5-1.5)

i=1

HAUSEVRU 2T F () = 0.2 ) o gt =i JIZS PR H - 5] 2=tz

n
fn()=] [ (x—a™ m=2,4,8,16,----- (5-1.6)
i=1
H M 2 Ol - S () VAU o el al
CHE ay > [>eoelag | [8 f m ST o
15> (o /)" >> (@ /) "| 5> -+ >> (@t f 1) (5-1.7)

KA (5-1.6) W BCHEEE]

+ [—z a{“a}"aﬂ”] X" g (5-1.8)

i=1 j=i k=]
+(- 1)m(a{nag1 ...... a,T)
UM (B-L7) (20 A R TR E]
fm(X) =x"- Aan_l + AZXH—Z Foeaienn + (_1)” A’] (5_19)
Eh
j
Aze" » Az ay A].;Ha{(“; j=1,2, 0 n

R B £ ()

N

ol =A , ay =AA a}“ Aj/Aj_l; j=1,2,- ,nh  (5-1.10)

[T 95Y M AL 3 AR R (=0 S DI - [E T
(ol P8 L R o PO o I R T R T T T
RS RS T
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p % .
78 5-1 EEEEA-0RSE (N

LI A

f(x) = x* —35x° +146x% —100x + 1

LS II AJOR B B0k A O B (Eigenvalue) -

10 9 7 5
9 10 8 6
7 8107
5 6 75

A:

TOP-DOWN %3
G (5-14) B g(x) I EHL

#X) = (—1)“{% A x} {Z A (—x)“}

PRS- g s Bl Zple Fgerh = Szt SR A
lF{,

P

1)
ot

. ] .
Bj :(—1)[A1_2+22(—1)‘<A].+kA]-k} , j=1,2,-
k=1

B, =1

Sub Iteration(N1, ITMAX, TPC, EPS, PT$, A, B, C)

JERRIETTREK

(5-1.11)

(5-1.12)

n (5-1.13)

@ Hg (e HFHY(5-1.13)

Do for J=2to (N+1)

B =CQ) * COY)

Do for K =1to (J-1)

JPK =J+K

JMK =J-K

Then

If (JPK <= (N+1))

Else

B(J)=B(J)+(-1)"k* 2* C(JPK)* C(IMK)

B() = (D"(F1)*BQ)

5-5
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B: T hEDEIERY S (Rl
C: e TVECRIFE SRS R

EPS: & MBI ALL B VRS VAL JEERR] 0.1 % 0.001 ] -
ITMAX : LT gl gy

N : e
P1: f(ay) 5 aZaRpVi -
P2: f(-a)

PV : f(e)

ROOT : f(x)= 0 fi'fizfiufl
TPC: AU e (0B L R LE+32
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BERXHD

Sub Graeffe(xpos, ypos)

*kkkkkkkkkkkkkkkhkkkdrhkkdrrkhhrrkkhkrhhddrrkddirr

' GRAEFFE'S ROOT SQRUARE METHOD

nnnnnnnnnnnnnnnnnnnnnnnnnnn

A: Vector of polynomial coefficients
B: Vector of coefficient of the squared polynomial after current iteration
C: Vector of coefficient of the squared polynomial prior to current iteration

Dim A(100), B(100), C(100)

TPC = 1E+32

EPS =0.001

ITMAX =50

PT$ ="N"

Do
B(1)
C(1)
Cls

1
1

Print "Degree of the Polynomial N = ";
N = Val(InputBox("Degree of the polynomial =", ", N, Xxpos, ypos))
Print N

Print "Upper Limit on the Magnitude of Coefficients"

Print "Produced by the Root Squaring Process =",

TPC = Val(InputBox("Upper limit on the magnitudes of coefficients_
produced by the root squaring process =", ", TPC, xpos, ypos))

Print TPC

Print "Small Positive Number Used to Test the Existence of a Root = *;
EPS = Val(InputBox("Small positive number used to test the_

existence of a root =", "Small Number", EPS, xpos, ypos))
Print EPS

Print "Maximum Number of Iteration Allowed = ";

ITMAX = Val(InputBox("Maximum number of iterations allowed =",
"Max. # Iteration”, ITMAX, Xpos, ypos))

Print ITMAX

Print "Print Coefficients After Each Iteration <Y/N> ? ",

PT$ = InputBox("Print coefficients after each iteration <Y/N>", ™, PT$)
Call ReadCoeff(N, A, xpos, ypos)

N1=N+1

Call NormCoeff(N1, A, C)

Call ECHO(N, A)

Call lteration(N1, ITMAX, TPC, EPS, PT$, A, B, C)

5-7
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YN$ = InputBox("RUN NEXT JOB <Y/N>", ™, "N", xpos, ypos)
Loop While YN$ <> "N" And YN$ <> "n"
End Sub

Sub ReadCoeff(N, A, xpos, ypos)

‘ READ COEFFICIENTS

Cls

NI=N+1

Forl=1ToN1
Print "Coefficient #"; I, " =",
A(l) = Val(InputBox("Enter Coefficient A(l) =", ", A(l), xpos, ypos))
Print A(l)

Next |

End Sub

Sub NormCoeff(N1, A, C)

NORMALIZE COEFFICIENTS
Forl=2To N1
A(l) = A(l) 1 A(2)
C(I) = A(l)
Next |
A1) =1
End Sub

Sub ECHO(N, A)

Cls

Print'N=";N

NI=N+1

Print "Coefficients:"

Forl=1ToN1
Print Format(A(l), " ###HHE+");
If (Int(1 / 5) - I/ 5) =0 Then Print

Next |

Print

End Sub

Sub Iteration(N1, ITMAX, TPC, EPS, PT$, A, B, C)

5-8
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ot

JERRIETTREK

START ITERATION

Flag% =0
For1=1To ITMAX
ForJ=2ToN1
B(J) =C(J) * C(J)
JM1=J-1
ForK=1To JM1
JPK=J+K
JMK=J-K
If (JPK > N1) Then
Exit For
Else
B(J) =B(J) + (-1) » K * 2! * C(JPK) * C(JMK)
End If
Next K
B(J) = (-1) ~ IM1 * B(J)
Next J

If PT$ <> "N" And PT$ <> "n" Then
Print "lteration #"; [;
Print"  Coefficients B(I):"
ForJ=1ToN1
Print Format(B(J), " #.##H#H#E+");
If (Int(J / 5) - J/5) =0 Then Print
Next J
Print
End If

ForJ=2ToN1

If ((Abs(B(J)) > TPC) Or (Abs(B(J)) < 1 / TPC) And (B(J) = 0)) Then

Flag% =1
Print "Here Flag = 1"
Iter =1
Exit For
End If
Next J

If Flag% = 1 Then
Exit For
Else
SHIFTBTOC
ForJ=2ToN1
C(J)=B(J)
Next J
End If
Next |

5-9
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If Flag% <> 1 Then
Print "Iteration number exceeds ITMAX  ---- CALCULATION CONTINUES"
[ = ITMAX

End If

Call PossibleRoots(N1, A, B, Iter, EPS)
End Sub

Sub PossibleRoots(N1, A, B, lter, EPS)

COMPUTE POSSIBLE ROOTS

Print
Print "* Root  *** Polynomial value *** Comment **"
ForJ=2ToN1

ROOT = Abs(B(J) / B(J - 1)) A (1 / 2 " lter)

EVALUATE POLYNOMIAL VALUE AT ROOT AND -ROOT

P1=1
P2=1
ForK=2To N1
P1=P1*ROOT + AK)
P2 =P2*(-ROOT) + AK)
Next K

CHOOSE LIKELY ROOTS

If (Abs(P1) > Abs(P2)) Then
PValue = P2
ROOT =-ROOT
Else
PValue = P1
End If
Print Format(ROOT, "  0.000000E+00 "),
Print Format(PValue, " 0.0000E+00 );
Print" "
If (Abs(PValue) > EPS) Then
Print "Probably NOT a root"
Else
Print "Probably a root"
End If
Next J
End Sub
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1. f(x)=x*+7x+10=0

Degree of the Polynornial N= 2

Upper Limit on the Magnitude of Coefficients
Produced by the Root Squaring Process = 1E+32

Small Positive Number Used to Test the Existance of a Root= 0.001

Maxirmum Number of leration Allowed = 50
Print Coefiicients After Each leration <Y/N>7

oefficient 7

=Bz FEeusER

Print coefficients after each iteration <¥/>

CHEER

Copyright RES1 2001

P+ AT |

MN=2

Coefficients:
1.E+0 7E+0 10E+

[teration # 1 Coefficients B(J):

1.E+0- 28E+1 1.00E+2

[teration #2 Coefficients BIJ}):

1.E+0- BA1E+2 1 0000E+4

[teration #3 Coefficients BiJ):

1.E+0)- Z8088E+5 1 B+

[teration #4  Coefficients B(l):

1.E+0- 152509E+11 1.E+18

[teration #5 Coefficients B{):

1.E+0- 23283E+22 1.E+32

[teration #& Coefficients BiJ):

1.E+0- 5A21E-44 1.E+4
Here Flag =1

RIN NEXT IOE <¥/N>

@

~ Raat ™ Palynarnial walue ™ Cormment™
- 5000000E-00 00000E-00  Probably a root
- 2000000E+00  0.0000E-00  Probably a root

| CHEER

Copyright RESI 2001

Bl 46 AT |

S oL

o AL

-5.0

-5.0

-2.0

-2.0

(s-11)

AL BASS
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2. f(x)=x*-35x3+146x> -100x+1=0

Coefficients
1.E+0- 3HE+H 1.4BE+2- 1.00E+2 1.E+0

Here Flag=1

**Roat = Polynomial value ™ Cormment **

3028869E-01 16826E10 Probably a root
3858057E-00 - 1.9999E-08  Probably a root
2431071E-01 - 1.0542E-10 Probably a root
1.015005E-02  0.0000E+00  Probably a root

=
RUN WEXT 0B <7A1>
HiH
@
| CHEER  Copyright RESI 2001 M
SR puRL EN Rl
30.289 30.289
3.858 3.858
0.843 0.843
0.010 0.010

3. f(X)=x®-16x" +105x® —364x° + 715x* — 792x° + 462x* —120x+9=0

@
\’WAI [T
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Fraeffe's Root Bguared Method
W=8
Coefficients
1.E+0- 1BE+ 105E+2- 384E+2 7 15E+2
- TH2E+2 462E+2- 120E-2 9E-0
Here Flag=1

*Root = Polynomial value == Comment =
3931830E-00 27308E+00 Probably MOT a root
ZE0401E-00 2917101 Probably NOT a root
2987610E+00 - 7 3833E02 Probably a root
2344711E+00 1.1989E-02  Probably a root
1852353E+00 - 16274E-02  Probably 2 root
9999201E-01 11949604 Probably a root
4679110E-01 - 16821E-06 Probably a root
1208148601 1.1020E-10  Probahly a root

i =l
RUN NEXT JOE =¥/ -
A
]

I CHEER  Copyright RESI 2001 B 46 3hoAT |

= T i & T
3.9318 3.8794
3.5041 3.5321
2.9876 3.0000
2.3447 2.3473
1.6524 1.6527
1.0000 1.0000
0.4679 0.4679
0.1206 0.1206

4. f(x)=x®—-20x" +157.0625x° — 623.4374x° +1341.445x*
—1557.656x° + 912.2167x> — 227.9003x + 15.6643=0

(5-13)
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Fraeffe's Koot Squared Method

N=8

Coefficients

1.E+0- 20E+1 15TOBE+2- B2344E+2 1.3414E+3
- 1 B5FTE+3 9.1222E+2- 2.279E+2 | B6E4E+
Here Flag=1

**Root = Polynomial value = Comment =
GE95383E-00 56258E-01 Probably NOT a root
4 TOSE0ZE-O0 - 4337202 Probably a roat
2366129E+00 - 6E019E-02  Probably a root
2342372E400  12996E-02  Probahly a root
1.544137E+00 - 23965E-03 Probably a root
9128481E-01 23327E04  Probably a root
4250528E-01 - 33592E06 Probably a root
1.0B77B2E-01 1.3465E-10 Frobahly a root

OB E |
RUN NEXT JOB <¥/>
Erig
]

| CHEER  Copyright RESI 2001 B 4 AT |

= g [l @ T
6.5954 6.5935
4.7085 4.7084
3.3661 3.3665
2.3424 2.3426
1.5441 1.5442
0.9129 0.9129
0.4251 0.4251
0.1068 0.1068

PR BT B RL - FIP b FRAR T Uty b s £ A 1R A AR
i o (R R PR R gt (B T I ) ST B R A i

$S_8 {RADA y

5% (False Position Method) ~'7i Regula Falsi » fiL— 7 b iy fiusf- g+ A 70 4L
Ot o R ISR T o [RLRIPEE R A O 2

=

510
\’?Jm [T



zB= st

B AN BL A PO o PN A AR T A o
[’&1?”3{!“&%% f()=0>7% a= b V&% - W ro Hifra<r<b- [
f(a)f(b)<0 - i 5.2 (AT » i (a,f(@) * (b,f(0) Vst x it (a,b)

1Y = Rirxa e pasct A0
_af(b)-bi(a)

1 (b)) (5-2.1)

P PRI (b, F ) I P T G () TEE (b f (b)) A
A (5-2.0) - YR -
IR 5.2 (b)V IR+ 57— FSRED] (. f () TVEE (b, f (B) o VS
TEUBSE (a, (@) IR R T (o, f () VI (a, f () FIREmE ki
y y4

(@) TP [ ] (b) T AR AASL D Bl ]

B 5.2 FRERAEKESREIR

S=81 BR% A

4z (Secant method) 1 5% [ I ALHTT) > (IR BER - e
ERL AU AN | At B IAR - 8, B ¢ L I X B
FURE » JUE 5.3 X0 ™ g SRS PRSP R FI > 0 AP L 2
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W PRI
X1 e BV BT BIKG f0) 2 ) FISESHT ~ Bk T 1
FO9—F00) _ f06)= F(%,)

X=X X =X,

s x WY RIS T R FRD Rl (=0 fh A EALD
LT ) £

(5-2.2)

_xf00) =% (%) (5-2.3)
F(%)— f(x) |

i iy x IEEI[%I B3I Xg: FII] (X2, f (%)) ® (X3, f(X3)) | “gﬁt“ ;g;ﬁjﬁhgk,
= XL R X o ETEIFRET o AR E A YRR @ N = - SR e
Eﬁﬂ' il k= o

yn

53 EligAKMSRELAR

HSEE [0~ N8 ¢

f[
Xier = X T 06) = % F )V (%) = T (%e0)] (5-2.4)
;Ié”?;q;t l[gbjx ,U\I’%g@h%giyﬁuéﬁ“ﬂ" f@*[/ﬁl%jh‘»f%' , ﬂn—‘ﬁ, ¥ ﬁj@ﬁ(’?ﬁ@ﬁ']\;{; ]’EI;E[ f_;]f{g’!l—
WEUW?%EHEW%W@ AR o g -
5-16
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) 03
HRRXZE

A R U () = X7 X - X—14= 0.V fL -
BE:
TOP-DOWN E%it :

THRRSE] b P USSR R VL RO LTI A5
= RS B O [N R - B P e e
VRG] < 9 A RE AL SR B SRR T
[ AR S PR

F B X

&I#21( Secant(XST, XND, XL, XH, EPS, ITMAX)




RFEREREA -

FCT : FrEef(x)
H: XST-XND
IE gy
K LT

R: Fr e

RES: Fr B

X XD X@QF X V=~ i
XH,XL: X F

XST, XND @ Il

Z: X U= Sk el

BERXH -

kkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkhkkkrhkkkxkkrkkhhxrx

* Secant Method for Solving Single Equation *

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxhkkdxhhkkxhkkkkkdxkx

Sub SecantMethod(xpos, ypos)
Do
Cls

(518
g



zB= st

Print "Enter two initial guesses: "

X1st = Val(InputBox("1st guess = ", "First Guess", X1st, xpos, ypos))
Print "First Guess X1 = "; X1st

X2nd = Val(InputBox("2nd guess =", "Second Guess", X2nd, xpos, ypos))
Print "Second Guess X2 ="; X2nd
Print

Print "Upper and Lower Bounds of X:"

Xlow = Val(InputBox("Lower bound of X =", ™, Xlow, xpos, ypos))
Print "Lower Bound of X ="; Xlow

Xhigh = Val(InputBox("Higher bound of X =", ", Xhigh, xpos, ypos))
Print "Upper Bound of X ="; Xhigh

Print

EPS = Val(InputBox("Error Tolerance EPS =", ™, EPS, xpos, ypos))
Print "Error Tolerance EPS ="; EPS

ITMAX = Val(InputBox("Maximum lteration ITMAX =", ", ITMAX, Xpos, ypos))
Print "Maximum Iteration ITMAX ="; ITMAX

Call Secant(X1st, X2nd, Xlow, Xhigh, EPS, ITMAX)

RepeatYN$ = InputBox("Try Next Solution", "NEXT TRIAL", "Y", Xpos, ypos)
Loop While RepeatYN$ = "Y" Or RepeatYN$ = "y"
End Sub

Function FCT(Z) As Double

" DEFINE FUNCTION
FCT=Z"5-72"3-2-14
End Function

Sub Secant(XST, XND, XL, XH, EPS, ITMAX)

! kkkkkkkkkkkkkkkkkkkkkkkkk

‘ * SECANT METHOD *
! HRKERIEHRKIEIEKRKRE IR KRR
" X1ST = 1ST TRIAL VALUE
" X2ND =2ND TRIAL VALUE
‘ X =LEFT OR RIGHT X
FCT = FUNCTION TO BE SOLUED
R = FUNCTION VALUES
RES = RESIDUE

5-19
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K = BOUNDS INDEX
Dim X(2), R(2)
ChangeBoundFlag% = 0
ConvergentFlag% =0
K=0
H=XST - XND

-- ITERATION

Do
X(1) = XST
X(2) = XND
R(2) = FCT(XND)
=0
Do
N=11+1
R(1) = FCT(X(1))
Z=X(1) - R(1) * (X(1) - X(2)) I (R(1) - R(2))

-- CHECK LOWER BOUND

If Z<= XL Then
Call Bounds(K)
XST = XH
XND = XH +H
K=1
ChangBoundFlag% = 1
Exit Do

End If

- CHECK UPPER BOUND

If Z>= XH Then
Call Bounds(K)
XST = XL
XND = XST +H
K=1
ChangeBoundFlag% = 1
Exit Do

End If

" - CHECK CONVERGENCE

E = Abs((Z-X(1))/2)
If E <= EPS Then

5-20
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Z=X(1)
RES = R(1)

" --0.K. PRINT RESULT
Print
Print "Number of iterataion ="; Il
Print "ROOT ="
Print Format(Z, " 0.000000E+00")
Print "Final function value = ";
Print Format(RES, " 0.000000E+00")
ConvergentFlag% = 1
Exit Do
Else

" -INSIDE BOUNDS
‘ NOT CONVERGENT

—
N =N
—_ — —

mnomnon
o N X
=
=

3 >
=

End If
Loop While Il < ITMAX
Loop While ChangeBoundFlag% = 1

' -- REPAET WHILE Il < ITMAX
If ConvergentFlag% <> 1 Then
Print "** SECANT METHOD NOT CONVERGED ** too many iteration is required”
End If
'-- CHEER by Ron Hsin Chang, Copyright 2001
End Sub

Sub Bounds(K)

' SUBROUTINE BOUNDS

If K=1Then
Print "* SECANT METHOD NOT CONVERGED ** root ;outside bounds"
MsgBox ("Secant Method NOT Convergent")

End If

End Sub
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BN EARS
FiIF=" Sub Secant(XST, XND, XL, XH, EPS, ITMAX) fili" | & P -
L REET- [ XST #5571 H}‘ﬁi I XND -
2 ]%:J&m PUXL ~ FIUXH ~ J22 R 2% EPS M3 (U g HILITMAX -
3. }-{‘éj’ EI’?E,Ij*EJ%FMF}'@J(F%?T@_T} Function FCT(Z) As Double [ -
4. P [UERE= Call Secant(XST, XND, XL, XH, EPS, ITMAX) -
5

. HF IR A
RIERER

Enter twa inttial guesses:
First Guess X1 =1
Second Guess x2= 2

Upper and Lower Bounds of X
Lower Bound of X =-10
Upper Bound of X = 10

Errar Talerance EPS = 0.000001
IMaximurn lteration ITMAX= 100

Murber of iterataion = 9
ROOT = 1860877E+00
Final function value = €933002E-08

|
Tioy Next Solution
BT |
CHEER  Copyright RESI 2001 P 4 AT

S00E1  EMHATNEA -

é“ﬁﬁ?’riﬁ?iﬁ (Wegstein Method) #7 5 [4E55E (425 o Pl 1A= f(x) = 0 dx Frab
X = g() 90 Bl g pIigs u?xulipgﬁrmﬁ\ggﬁ %k SR ESHABF] P
BAR x > PSR TP R R - I 5.4 R F =

@
\’?Jm [T



zB= st

g(x) > REASAFFECTH F = X0 RS FCUR RS AR x = gx) 920 [N R
;ﬁ?gnqwﬁ\&#ﬂ [[F 1A A(x) = 0 I e
e E ”f?‘ IR AR “%’?@“H TS {1 PO
PR FRETHES - B R G - ST Fo= ga) 3 R AR T
Xo=Fq> @j’ﬁwﬁ'm?ﬂﬂﬁ%‘ X1, F1) & (X2, F2) e 1>2 7y %!?"?lgﬁ*/ AU AL RO A,
F-F_F-F

152 (5-3.1)
X=% %=X,
E"?@I%}LF: X;Vﬂz‘%!r’ FI}H’ FIx3vit, {3 B, EI}%ﬁ“fﬁ%@?ﬁlUX (il £
x, = P2 =X (5-3.2)

X=X, -F+F,

FEHITE Xa i > FIFIMIF = o(x) > o7 8T BRIV A AREL (6, Fa) < AR FM 5T 2
B BT 3 BRI R SR U STDAB A o BRI o [ EI E R S
l}*o

BRGNS S RO B e
W (2, 3] RS T e R [\;rIJ& R PRI R %@TO[EEF‘_’?{E
Fise

F A
. 1 F=x
___________________________________ >
N vl
1 \ ,
1 ,
1
1
1
1
1
F 1
__________ P
3 1
' |
' '
' '
1 AN
I K
' RO
' '
' '
' '
' '
' '
' '
' '
' '
' '
' '
' '
v, '
% |
I '
71 | 2
F ---------- [ Pmmm e
I
'
'
'
'
'
'

> Lo .
2

x |

>

N

54 EEEMEEKETSTELXHR
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8 (8 BiTRIRAER

L H
AESRel R e EERE

Beattie-Bridgeman ;{< iz A= fiY

V=(RT+€+VL2+V—53% (5-3.3)
il
B=RTBy-A -RC/T?
y=-RTB,b+aA,—~RB, C/T?
5=RBybc/T?
R= ?u’ﬁ%‘,, L quj'glif(atm — ¢1°Kg - mole)(= 0.08206)
T =% ("K)
P =Ex]J (atm)
V = {15 A (0/g - mole)
?f%”ﬁj Ly (VAT Ao~ Bo~ @~ b 39y R [4] B5E] - #7 TE'fJﬁfJ'éx'ff@E@
A, = 166037
B, = 02354
a = 011171
b = 007697
c = 300x10°
FURENE £ 408°K 0 HxU ) 36 atm o BV = AR SR

TOP-DOWN &3
I AR A B R 53 g R
1A E' SFICELS AT 1 AT 2
2. FIHIMLZ * (63 1 - B
X oF i —F X4

B 5.3.4
S XX -F+tFy ( )
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zB= JHsmsRER

S =

Sub Wegstein(X, XC, RTL, NR, XA, YA, ConvergentFlag%)

RFEREREA -

Ap>BgA>B>C: j}HU?‘AO‘BO‘a‘b‘C
BT > GM > DET: ji{{|% B8+ 7 » &
R 1
NC:  Uadffe - NC= 087 [ Frfe
NC =1 % =154
NC = 2 £ HI& 5
iR 4 (11 7| ConvergentFlag%
NR: B 2 [ RS S AR A

P: A
R: BTG
T: 1




B {ERnIEER

Vo VC o R A B R
X : F HIgE X

XA © X V- R
XC:  x I - REHET

YA XC Vi R R

BERXHD

*kkkkkkkkkkkkkkkkkkkrkkkkdkhkk

WEGSTEIN METHOD

! kkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Sub WegsteinMethod(Xpos, Ypos)

Cls

Dim XA(10), YA(10)

‘ DEFINE THE PROBLEM
A=0.11171

B =0.07697

C =3000000#

A0 = 16.6037

B0 =0.2354

R =0.0827
T =408#
P = 36#

PRELILMINARY CALCULATION
BT=R*T*B0-A0-R*C/T/T
GM=-R*T*BO*B+A*A0-R*BO*C/T/T
DET=R*BO*B*C/T/T
V=R*T/P
=0

" START ITERATION
Print "ITER", "V", "VC"

RTL = 0.000001: 'RELATIVE ERROR TOLERANCE
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zB= st

NC% =0

Do
VC=(R*T+BT/V+GM/V/V+DET/VIVIV)IP
XC=VC
NR=1
l=1+1
Print1, V, VC
Call Wegstein(X, XC, RTL, NR, XA, YA, NC)
V=X

Loop While NC > 1

End Sub

Sub Wegstein(X, XC, RTL, NR, XA, YA, ConvergentFlag%)

SUBROUTINE WEGSTEIN

" XAYA =RESERVED VALUES FOR MULTIFUNCTION CALLS
" RTL  =REL. TOLERANCE
ConvergentFlag%
= CONVERGE INDEX
1. CONVERGENT
‘ 2. NOT CONVERGENT
X = TRIAL VALUE
" XC  =CALCULATED VALAUE
NR = ROUTINE CALL NUMBER FOR MULTIPLE EQNS

If (Abs((X - XC) / (X + XC)) < RTL) Then

X=XC

ConvergentFlag% = 1
Elself ConvergentFlag% <=1 Then

XA(NR) = X

YA(NR) = XC

X=XC

ConvergentFlag% = 2
Else

XT = (XA(NR) * XC - YA(NR) * X) / (XA(NR) - X + XC - YA(NR))

XA(NR)
YA(NR)

XT

End If
End Sub
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zB= st
B 55 ZHRETEHZ IR
7 RS RV B RS T SRS A 0 (SRR o L Wegstein

RIS » 56 (0 SIS PR T S PRI 5.5 573 fIw [ SLE S
PR AL

Shel FiBsA V4

%ﬂﬁfﬁl:c f(x) = O V¥tsfichl a - xR a VT ) - HIFRRf00 B x = x I 5 1)
,&gﬁﬁ{ IE —A\‘

uw=fun+u—aH1awiig?ﬁf%aw- ------ -0 (5-4.1)

I%xlé? alVZEthhe dla=x+h; (7 FRTTEE

2

f (% +h) = f (%) +hf'(x) +h7 ' (X) 4+ =0 (5-4.2)
B S S I 2T ) PR 0 BT i
f(x +h)= f(x)+hf'(x)=0 (5-4.3)

SR TS ] D 8

__ ) )
=00 (5-4.4)

[ A (5-42) fl1e hio ] E SRR PHAS [P+ h
TEFEERERL @ ([ sl x R TIEEIUEL a > l"ﬁﬁfuﬁfg#ﬂg& e
YOS o 5

_, _ fx) ]
X1 =% =0y (5-4.5)

FIR] A (5-4.5) R LA f(X) I YT ALY A R G (Newton's
Method) « pIIt=% (5-4.2) 1 i ORE . U HG W1 » A3 517 n W I EORLE £
0L » 57 n+ 1 T {1 2955(0.0)° = 0.01 » P SR ALV R 1R« [E 71
T A e R B R () G TR T A
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¥ (B #imIRER

A LR e SRR ISR f PTG LY
d‘fﬁ' s FIFIE I R AL 2 leqi (= ) 7?[ 5] ﬁLL'Fﬂiﬁi{éFﬁmﬁ ) ,u\'ﬁ[fﬁlgl ~ i
FrEE F(X) ST A SRR () o 199 o F At
2T F(x) U Eij ’ f(x)ﬁu;’rﬁﬁ? @17k f(X) / f(x EéJE’FM’W\ >l B A AR,
R o

ﬁ%@ﬁ%*wg%wﬁa’ﬂmﬁ@ ASEFS R WS - o
LR AR (G GV IS 1 5 G TR B Sl e [“IF*’ - PEIERORE IR AR R
PR

L i
SR ARREZ

#‘Yﬁ;fﬁ ][ FA'I Epn ;E_ 7 ’JE[%\*I JJIHI JEG X1 4 X2 ) e ,)(nOAFJJ*I.LL,+Ig
rE‘FE;T‘ %‘TEI%TI } y = 2 g reerany n) ] ;‘I EI Ant0|ne ﬂjiijraf.{_gﬂ-;[/ .
SHPATT e TR (5-4.6)

u%#@ﬁ%ﬁWﬁﬂ%\w%E%:W%E@@ﬁ’%Eﬁiﬁﬁwﬁﬁm%‘
TR PR -

L
. Antoine ﬁlJ g ?f:' 1 (8
Ry 73 X,
A B C v,
1 e 05 16.07982 ~2871.05 224.02 1.0
2 P 0.3 15.98639 ~3080.01 218.69 1.0
3 B pIE 0.2 16.57200 -3621.00 226.41 1.0

TOP-DOWN %5
N
i=1
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zB= FmisES
N
fm=2v -1 (5-4.7)
i=1

LR e

oSty oda e ]

N B y (5'4.8)
Zrec,y

[V O IS U P SRR S LA ) P
F[fjjgj%!l— (T)) FORAFELS 53 sl $ (i > -11]

N
To= 2 %T, (5-4.9)
i=1

HT S (5-46) 0 % =1,y =1, 7, =10

B

T A (5-4.10)
Ln(P) - A

S =

7230 Newton(N, F, DF, T, P, A, B, C, X, Gama, RelErr)




B sewsmses

2I723¢ InitialGuess(N, T, P, A, B, C, X)

&lF23 FunctionDefing(N, F, DF, T, P, A, B, C, X, Gama)

RIEREREA -
A > B> C: Antoine ”fifj’g’r

DF : £ (T)
F: M

GAMA: 7, » Itk
P: K

T: AL

X : T
SR = ERES

BB .

' kkkkkkkkkkkkkkkkkkkkdkhkkdkhkkkkhkkddhkkkdrhkkhihkdix

' * NEWTON'S METHOD *

! kkkkkkkkkkkkkkkkkkkkkkkrkkkhkkdhhkhkrhkrkdhdrhdrkrrdr

Sub NewtonMethod(xpos, ypos)

' AB,C=ANTOINE CONST.

' X = MOLE FRACTION

' Y = VAP. MOLE FRACTION




zB= st

T = BOILING POINT
! P = PRESSURE  (mmHg)
' GAMA = ACTIVITY COEFF.

' F(X) =FUNCTION TO BE SOLUED
' DF(X) = 1st DERIVATIVE OF F(X)
Dim A(3), B(3), C(3), Gama(3), X(3), Y(3)

DATA BLOCK
X(1)=05
X(2)=0.3
X(3)=0.2
A(1) = 16.07382
A(2) = 15.98639
A(3) = 16.572
B(1) =-2871.05
B(2) =-3080.01
B(3) = -3621
C(1) = 224.02
C(2) = 218.69
C(3) = 226.41
Gama(l)=1
Gama(2) =1
Gama(3)=1
RelErr = 0.00001
N=3
' MAIN PROGRAM
Cls
Do

RelErr = Val(InputBox("Enter Releative Error =", ", RelErr, Xpos, ypos))
P = Val(InputBox("PRESSURE =", "Pressure", P, xpos, ypos))
Call Newton(N, F, DF, T, P, A, B, C, X, Gama, RelErr)

Print "Pressure ="; P;
Print " B.P.="
Print Format(T, " ###H#.##")

ContinueYN$ = InputBox("Continue <Y/N> ?", ", "N", xpos, ypos)
Loop While ContinueYN$ = "Y" Or ContinueYN$ = "y"

End Sub

Sub Newton(N, F, DF, T, P, A, B, C, X, Gama, RelErr)
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B fE BRI RER

SUBROUTINE NEWTON

Call InitialGuess(N, T, P, A, B, C, X)

Do
T1=T
Call FunctionDefine(N, F, DF, T, P, A, B, C, X, Gama)
T=T-F/DF

Loop While Abs((T - T1) / T) >= RelErr

End Sub

Sub FunctionDefine(N, F, DF, T, P, A, B, C, X, Gama)

‘ DEFINE ~ FUNCTION

F=

DF = 0!

Forl=1ToN
Y(1) = Exp(A(l) + B(I) / (T + C(1))) * Gama(l) * X(I) / P
F=F+Y()
DF =DF-B(l)*Y(I)/ (T +C(l))» 2

Next |

End Sub

Sub InitialGuess(N, T, P, A, B, C, X)

‘ INITIAL CONDITIONS

ForI=1ToN
TI=B(l) / (Log(P) - A(I)) - C(I)
T=T+X()*TI

Next |

End Sub

Private Sub Start_Click()

Xpos = 8500

ypos = 6000

Call NewtonMethod(xpos, ypos)
End Sub
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AEER -
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B {ERnIEER

S5/ \E1 FERRIERELHIETN A

F I [IETRRE S R A o i Figf\ﬁﬂéwwlg;vgqia%ﬁ, 4 A
W?%W‘”EZW# HURPE) S (1) ZRSERL S o
5 (2) TSR A - R AR o [N SRR R R
POt e o AR O [ PO LRSS - AP v i RS AR RS
F[Ljﬁjgg P g - w'J';vg,\[iqgﬁﬂ “‘J%*EJF’?E [JF Ejé i F'E['T EJEI;’[H@
Htmﬁﬁ’%pﬁﬁﬁﬁﬁﬂﬁ% A 51 T AR :%W’ﬂﬁ‘ﬁ
IS R RO PRI + B PO R R (S IR
F)

AR TR T AR ﬁfj’ﬁiﬂfﬁﬂiﬁ"ﬁj} i

1. A2V 4k (Successive substitution)
2. U fEAE  (Newton-Raphson method)

3. FrEe -l [~ (Function minimization)

Y ATEL > 25U /7 AV £ 53 AT S AR S R S YT A
%wgmﬂﬁ;¢a}’Jazw#fﬁﬁﬁﬁW%wﬂ%wi EiHeRE 1 = b S
FFEORrS e > NI T h F,ﬁ]‘FpuifﬂTEi' ’ ?Jﬁg;ﬁd%‘?ﬁﬁ%*ﬂ”ﬁ [5.6]

S CEI G A

ﬁﬁwﬁiﬁﬁ~w%ﬂw¢ﬂ%% LR 2 AR e O R H D
- R PR ) R - R PR N T R

f,(X2 Xy Xz X, X5)=0 (5-6.1)
fo(X2 Xy Xy Xp7 X5)=0 (5-6.2)
f4(X0 Xp* X3 X;? X5)=0 (5-6.3)
fo(X2 Xy X3 X, X5)=0 (5-6.4)
f5(Xp X X3 X, Xg)=0 (5-6.5)

@E%
VY B



zB= st

B Fr AR £(9 = 035 s x = g0 [9BI2 > )

X = 0,(X) (5-6.6)

X, = 0,(X) (5-6.7)

X3 = 05(X) (5-6.8)

Xq = 04(X) (5-6.9)

X5 = g5(X) (5-6.10)

SR AR 1 A (5-66) = (56.10) - IR - AT
FOSE i B BRGS0 < FIN R B S TR SR
AR A - BESR o AN R BRI AR LY PR [ R

LEAERT S > D) 0 TR PO LAY FULRR R g
TR IR A x= 900 PORBEY Y [ EIROR B USRS -

FIIP LB A7 5 x = () 3 £ 2 ERefione i g
| 0g; (X)
= OX

<1; i=1,2,,N (5-6.11)

) S5 e
28 5-5 etk
FI| SRR £ o et R D-V b i A

U, +Uu, = 2.78u, (5-6.12)
58.9+ 40(u,” —u,?) =0 (5-6.13)
~156.0+ 40(u,” + 0.3u;°) = 0 (5-6.14)

= -

TOP-DOWN %3
F U (5-6.12) = (5-6.14) IS x=g(x) OB :

U, =3.9-0.3u,” (5-6.15)

2 589

5-6.16
40 ( )

Uy =,4/Us
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B sewsmses

u; =(u, +u,)/2.78 (5-6.17)

PP RG— T s PRI ST 1 (5-6.15) A w1 (5-6.16) o+ uno Ffe°
(5-6.17) (ST~ uafifl » FIFEIF=H R £ 50 1 -

<O F AR PR REHOE SRR (I RETEY ua)
YD S R R R R D

T B K

RIBREREA -

u: T (mis)

UOLD : b - (A U(3)
BERXHD

kkkkkkkkkkkkkkkkkkkkdkkkkkkhhkkkhkkkkrkkkkrrhkdix

*  SUCCESSIVE  SUBSTITUTION

kkkkkkkkkkkkkkkkkkkkrkkrkkkkkkkkhkkkrkkhkrkkrrdrk

Sub Substitution(XPos, Ypos)

' U =VELOCITY ARRAY

Dim U(3)

Cls

U(3) = Val(InputBox("U(3) Guess =", "GUESS", U(3)))
Print "Initial Guess on U(3) =", U(3)

(538
KT



zB=

JERRIETTREK

UOLD = U(3)

Do
U(2) =Sqr(3.9-0.3*U(3) " 2)
Print "U(2) =",
Print Format(U(2), " ##.00");

U(1) = Sqr(U(2) » 2 - 58.9/ 40)
Print"  U(1) ="
Print Format(U(1), " ##.00");

U@3) = (U(1) + U(2)) 1 2.78
Print" U@3)="
Print Format(U(3), "  ##.00")

If Abs((U(3) - UOLD) / UOLD) > 0.0001 Then
UOLD = U(3)
ConvergentFlag = 1
Else
ConvergentFlag = 0
End If
Loop While ConvergentFlag = 1
Print
Print "** Solution :"
For1=1To3
Print"U("; I;") =
Print Format(U(l), " ##.00 m/s")
Next |
End Sub

Private Sub Start_Click()
XPos = 7500

Ypos = 6000

Call Substitution(XPos, Ypos)
End Sub

ARBR

Initial Guess on U(3) = (3105

U2y= 196 U(1)= 153 U3)=
U2)y= 185 U= 140 U(3)=
U2y= 187 U= 142 U3)=
U2y= 187 U= 142 U3)=
U2y= 187 U= 142 U3)=
U2y= 187 U= 142 U3)=

** Solution :

U(1)= 142mis
U(2)= 1.87mis
U(3)= 1.18mis

CHEER  Copyright RESI 2001

W30 |
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B {ERnIEER

]@J F-"F[J FTEASRE YN IS/ O 'ilu?j%& I"‘][,Egﬁﬁ E[T”ﬂjﬁl—‘l II?J‘ +, 7
(BT A » (I 3 FOANS 1 D RO R i
E"l‘pl‘T} D AR P - IR AR

il X2 %) =0 (5-6.18)

f2 %) =0 (5-6.19)

X+ X +X3 =T (5-6.20)
PR VEFIRE I  BIFr) EE

% = 0:04) (5-6.21)

% = 0" %) (5-6.22)

X"+ X +X; =S (5-6.23)
R iR

X" =x"(T/9) (5-6.24)

FIFI" (56.21) % (5-6.23) » sf* il QU EAV i - F1HIIHEREE] S @@@ﬁi; A
w*r T Es 1 o 3= JURURpv; u;@“‘v PR X FrfET R = T = X — Xg o el ™
o g“ 7 I =P o

AT g AL 20 (R P (= 25 B ZBSE pI E

—_—— s e - e -
s/\B1 HEAERE ‘
O AR FIT TR 1T R R+ 1 R R
=
fi(x X3) =0 (5-7.1)
fo(x %) =0 (5-7.2)
Fi :LI,FLI? = AT X0 Xa0 tliﬁ;rrﬁl[ SR A L BHEEET by o hy o HIDRFREE f
ot (55 BB B f’?ﬁ? 21| -8 fﬁf”
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zB= st

oty (%, X ofy (X0 . X
0+ Py s X + M) = (X0 Xa0) + 1 g( 20) ih, 1 gi 20)
1 2
(5-7.3)
A5 (X, » X f 5 (X0 » X
fo(Xo + X0 +1y) = f5(X0 . X50) + 1y 2 g))( = +h . ;)(1 =
1 2
(5-7.4)

1&|FEJEJEIEJjQ_ THZEE X ot hy & Xp ot hpfddny 4 A ugﬁi PRI BT fy(Xqot hy
Xo0+ h) =0~ fz(xlyo +hy r X0+ h)=0¢ Ff[fij%'r\ (5-7.3) » (5-7.4) F,[Ejf:iéff S
T A fulxae  X20) B falXeo r Xe0) TN LAY (5-7.1) B (5-7.2) FUR
BRI VR (0 ~ Xe) 1 AR ET el = P B iy RS 1 AR =R
1 Xeo & Xoo HEHEY > PRI B RrR A 20 PRI X0 W Xo0 (4 el
ATE T‘fﬁ“ﬁi#}[@?@ FD"“WE = (57.3) & (5-7.4) frd¥HpEy
[ ofy (%’ XZ'O):|h1 +[af1(xl'o X50)

ox, ox, }hz =—f,(Xy0 + %20) (5-7.5)

| of, (%0’ Xz,o)}h1 N {az (X0” X20)
0%, 0X,

}hz =—T, (X0 + X20) (5-7.6)
BRI TR R 2R S B b R B R
I D18 X0 + M oo + i SEPET Y18 L FERLI 2RI Bt A -
RSBTSRBTS (S P
TR T A (B (T (TR > [NIP > B pukT R SORETHIE S > TR
tH i‘%’}{"gpfﬁf_ﬁ o
itk 3 #@HnW%%“ ﬁ\ o

fl(Xl y Xg yoeeees )_0

f2(X1 y Xg yoeeees , X ) 0

(X, le, ------ , X,)=0 (5-7.7)
FIIZS 1 4 A R () 15

O(x)=(f;(¥)) ; 1<i<n,i<j<n (5-7.8)

Eh
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af o (¥

fij (X) = (5-7.9)

l

EFHOT () A5 Jacobian » F[1(x) = (% Xyeo x0T o FIEH[FIE () £

F=0f(0, 00 F, (X)) (5-7.10)
ﬁf:?i]ﬁ,ﬁﬂjﬁﬂ AL ED Xg = (X0 4 Xg oo X e
XVEEFeEEL
X1 = X +hy (5-7.11)

HAh MG HHER (57.5) * (5-7.6) F 7 FllRLERd 4 i :

@(x) h =-f(x,) (5-7.12)

FIIB A R 8 ARl D B YRR AL ﬁ‘;ﬁgw@r@fﬂ Fedwi e ORI 4R
SESTE *i[*?ﬂ%%lglﬁ“fﬁxﬁﬁﬁ?@ﬂﬁ A8 e ﬁ”“‘ﬁ?i{ﬁ‘ﬁ o lﬁ'gz
TETVE RN E ”’Er}[ﬁfi_ﬁﬁ* ”?@P "*71[ %E*“%JF‘M H (Rl AR "Ileil
Ay R R AL~ P2 S S R = ﬁ[ﬁ'fl YN el e 20 flatY e
i A W AR 400 lﬁﬁfﬂ%ﬂm '

L :
REFHIE

IEH| PP S T S 8 % (Synthesis Gas) iUz I s -

CHug + 2049 =CO +2H,y (0-7.13)
CH g +H30( =COg +3H, (5-7.14)
Hyg +CO,¢g =CO(g +H,0 (5-7.15)

_-EH

B e RIS T AR R 17 2200°F B3 T B3 7l
NI T RSP S R 0 ST

P P?%H,

1= iy =13x10% (5-7.16)
CH, " 0,
3
K= TP 1 783710° (5-7.17)
PCH4 PHZO
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zB= s
PP
3 —_®© HO _ 2.6058 (5-718)
Pco2 PH2
H H[ Peo IDHZO d PH2 ' PCH » I:)o 7] [H“ Fh— &[Tl ‘J\%f‘?’?‘ :;:‘37?‘ N F'[};ﬁb$¥7«ﬂﬁ
AR
W%&ﬁﬁﬁ#*BEﬁ’%ﬁﬁﬁﬁﬁwg,ga% 0
Cy +COyq =2C0, (5-7.19)
2 @?ﬁf’ém
J 2
s =—2—=13295 (5-7.20)
a.Feo,
HH a BRI iR I 1 (Activity) » TE%F%”“aC: 1.
IE?EM KBTI GE KR T, =L000°F - ZUfREIT 20 atm iSSPl il

B B  KS T, = 2,200°F - I ik P9fl ECE P ISED ol O,ICH, 557 2
B OB

K22 (Btu/ 1b-mole)

w53 1000°F 2200°F

CH, 13,492 8,427

H,0 90,546 78,213

Co, ~154,958 ~139,009

Cco 38,528 28,837

H, 10,100 18,927

0, 10,690 20,831

&
EIIJE? K1 TEIEI"{ I B R 2200°FE1]‘ v 51— [ E (5-7.13) B =M E
ﬁﬁ@%wFW\q%E%E§§ F=9p o B B T B RC (5-7.19) i
e e PR S rﬁwﬂ AR S

1. PiET i
2 3
P“Xx; X,

K, =
X3Xg

(5-7.21)
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K, = 2% (5-7.22)
X5 X,

2. ﬁﬁ%?%f' A VHIE, 1
X+ Xy + X3+ Xy + X5 =1 (5-7.23)

3 RLAE g

Fl X = (B X+ X + %)%, (5-7.24)
&l A= (2% + 2%, + 4%g) X, (5-7.25)
% L= (X + Xy + X)X (5-7.26)

P} R

P= AE<]

x = T ERRE A ST CO iz Ui
I R PR COp VL ST
= LRI R HO

—v—v

2|

X
N
Il
Il

Xe= B R H R
Xg = I HFHIEL £ 3T CH, %i"}
. SR 10, VP b

® RIS CH, VR
&:3@ﬁwﬁw@hi%%vwaﬂw

gﬂw?WCHpgiér
4.%?WF@%@3@%ﬁﬂ’ @@i&%ﬁ*%ﬁ’ﬁﬂ%*ﬁiw“
Fﬁﬂ HE; G&}"JEEVE#JEJ}Flj fg?"y_i* FoBl D rﬁﬁll

[HCH4 + XgH 02]‘T:Ti =X,[%Hco +XHeo, + X3Hy o + X Hyy, +X5HCH4]‘T:TG

(5-7.27)
Hifr Ti= MEPRER VRS
Te= ~ED EREA
o SR T R BT E‘” Fﬂﬁ{é;&‘pﬁﬁqﬁ X, i=1,2,... 7o !
xg: At SRR LT IR
1>x >0 i=1,2,- ,5
X =0 i=6,7 (5-7.28)
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TOP-DOWN %5t :
I pRLp el N P ER AR £ () =0

1 1 X
f,(X) =%t X% +EX3_x_j:0 (5-7.29)
2
fo(X) =X+ %X, +2% ——=0 (5-7.30)
X7
2
fa(X) =X +X, +%——=0 (5-7.31)
X

7

f,(X) = —28837x, —139009x, — 78213% X, +18927x, +8427x,

L3992 10690% (5-7.32)

X7 X7
fe(X) =X +X, + X3+ X, + %X —1=0 (5-7.33)
fo(X) = P?x,x,° —1.7897 x10° X, %5 = 0 (5-7.34)
2 (X) = X, %3 — 2.6058%,x, =0 (5-7.35)

BHREE:
F R Rk {4 R S O
L A X R X = ( Xag Xoprrooo Xpo "
2. Fh T Jacobian #iffi @(x)
3. iR TR A

O(x,)h, =-1(x) (5-7.36)
il

Fx) =0f0) s Fo(Xy ) oeeee Fa(x )T (5-7.37)

4. T RPN [
X1 = X T hy (5-7.38)

5. fr L <
P loy v ic12m (5-7.39)

Xik
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g HIETHER () % (5) -
6. JIH N

S =

Zl1F2 3 NewtonRaphson(N, Z, DZ, P, Itmax, ED, EZ)

RS
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ZIFE Jacobian(N, AJ, P, Z)

Fk'J*E?“ Trixee(N, AJ, BB, DZ, ED, DET, ConvergentFlag) I?_F’EM::F‘} S

RIBREREA -

AJ(I', ) : Jacobian il : AJ( , J) = o,

i
DZ() :  fili f,(0 VR 5 DZ()= (%) -

ED:  HEAIAHIS BHY I R 1E-30

EZ: O OREREE G LE—4-

I : VR

ITMAX & -3 S Sl ™) 10 -

G L T e A e R
z: SR e g

z2: VIR

BERXH -

o

X

kkkkkkkkkkkkkkkkkkkkdkhkkkkkkkkkhkkkdhhkkdrhkkhirkdix

* NEWTON RAPHSON METHOD *
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Sub NewtonRaphsonMethod(Xpos, Ypos)

" N = NUMBER OF EQNS., RETURN WITH ERROR CODE
" Dz = RESIDUALS (DIMENSION N)
' YA = INITIAL ESTIMATE OF SOLUTION

ED = VALUE OF DETERMINANT CONSIDERED TO BE ZERO FOR
CHECKING WHERE THE MATRIX IS SINGULAR,
‘ USUSALLY TAKEN AS 1E-30
A = JACOBIAN MATRIX
"Bz = ACCEPTABLE RELATIVE ERROR IN Z
" ITMAX = MAXIMUM LNUMBER OF ITERATIONS ALLOWED

Dim Z(10), DZ(10)
== INITIAL GUESSES
P =20:' PRESSURE
N=7: 'NO.OF EQUATIONS
Cls
Print "ENTER INITIAL GUESSES:"
Forl=1ToN
Print"Z("; I;") ="
Z(1) = Val(InputBox("INPUT Z(I)", "Input Z(I)", Z(1), Xpos, Ypos))
Print Z(1)
Next |
MsgBox ("Hit Any Key to Continue")

[tmax = 10
ED = 1E-30
EZ =0.0001

Cls
Call NewtonRaphson(N, Z, DZ, P, Itmax, ED, EZ)
If N <=0 Then
Print String$(79, ")
N=-N
Else

Print
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Print "SOLUTION OF THE SYSTEM: "

End If
Forl=1ToN
Print Format(Z(1), "0.0000E+00");
Print" "
If (Int(I / 10) - I/ 10) = 0 Then Print
Next |
Print
End Sub

Sub DefineFunction(Z, DZ, P)

‘ DEFINE FUNCTION

DZ(1)=0.5*Z(1) +Z(2) + 0.5* Z(3) - Z(6) / Z(7)
DZ(2) = Z(3) + Z(4) + 2 * Z(5) - 21 Z(7)
DZ(3)=Z(1) +Z(2) + Z(5) - 11 Z(7)
DZ(4) = -28837 * Z(1) - 139009! * Z(2) - 78213! * Z(3) + 18927 * Z(4) + 8427 * Z(5)
+13492/ Z(7) - 10690 * Z(6) / Z(7)
DZ(5) = Z(1) + Z(2) + Z(3) + Z(4) + Z(5) - 1
DZ(6)=P"2*Z(1)*Z(4)"3-178370! * Z(3) * Z(5)
(7) Z(1) * Z(3) - 2.6058 * Z(2) * Z(4)
d Sub

Sub Jacobian(N, AJ, P, Z)

SUBROUTINE JACOBIAN
Forl=1ToN
ForJ=1ToN
AJ(l,J)=0
Next J
Next |
AJ(1,1)=05
AJL,2)=1
AJ(1,3)=05
AJ(L,6)=-112(7)
AJ(L, 7)=2(6)/Z(7)"2
AJ(2,3) =1
AJ(2,4)=1
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AJ(2,5)=2
A2, )y=212(T)"2
AJ33,1)=1
AJ(3,2)=1
AJ33,5)=1
A3, )=1/2(T)"2
AJ(4, 1) = -28837!
AJ(4, 2) = -139009!
AJ(4, 3) = -78213!
AJ(4, 4) = 18927
AJ(4, 5) = 8427
AJ(4, 6) =-10690 / Z(7)
AJ(4,7) = (-13492 + 10690 * Z(6)) / Z(7)
AJ(5,1)=1
AJ(5,2)=1
AJ(5,3)=1
AJ5,4)=1
AJ(5,5)=1
AJ6,1)=P"r2*Z(4)"3
AJ(6, 3) = -178370! * Z(5)
AJ(6,4)=31*PA2*Z(1)* Z(4) "
AJ(6, 5) = -178370! * Z(3)
AJ(7, 1) = Z(3)
AJ(7,2) = -2.6058 * Z(4)
AJ(7, 3) = Z(1)
AJ(7, 4) = -2.6058 * Z(2)
End Sub
Sub NewtonRaphson(N, Z, DZ, P, Itmax, ED, EZ)
‘ SUBROUTINE NEWTON
Dim AJ(10, 10), BB(10), Z2(10)
=0
Do
Print "ITER="; Il
ForZM=1ToN
Print Format(Z(ZM), "0.00E+00");
If ZM /8 - Int(ZM / 8) = 0 Then Print
Next ZM
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Print

Call Jacobian(N, AJ, P, Z)
Call Trixee(N, AJ, BB, DZ, ED, DET, ConvergentFlag)

If ConvergentFlag = 0 Then
Print "** Matrix singular in nonlinear equations solver, DELTA ="; DET
N=-N
Exit Do
End If
Call DefineFunction(Z, DZ, P)
ForL1=1ToN
Z2(L1)=0
ForKH=1ToN
Z2(L1) = Z2(L1) + AJ(L1, KH) * DZ(KH)
Next KH
Z2(L1) = Z(L1) - Z2(L1)
Next L1
ForKS=1ToN
If (Abs((Z2(KS) - Z(KS)) | Z(KS)) - EZ) <=0 Then
ConvergentFlag = ConvergentFlag
Else
ConvergentFlag = ConvergentFlag + 1
End If
Next KS
If ConvergentFlag = 1 Then
Exit Do
Else
h=1+1
Forl=1ToN
Z(1) = Z22(1)
Next |
End If
Loop While Il < Itmax

If ConvergentFlag > 1 Then
Print "** Poor convergence in nonlinear system equation solver, ITER ="; I
N=-N

End If

End Sub

Sub Trixee(N, AJ, BB, DZ, ED, DET, KSG)

SUBROUTINE TRIXEE

' SIMULTANEOUS EQNS. SOLVER
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Dim MP(10), MQ(10)
DET =1

-- DETERMINE PIVOTAL ELEMENT

ForK=1ToN

PIV=0
ForlI=KToN
ForJ=KToN
If (Abs(AJ(l, J)) > Abs(PIV)) Then
PIV =AJ(l, J)
MP(K) = |
MQ(K) =J
End If
Next J
Next |
DET = DET * PIV
If (Abs(DET) <= ED) Then
KSG=0
Exit For
End If
KSG=1

-- TRANSPOSITION OF THE PIVOTAL ROW WITH THE KTH ROW

If (MP(K) <> K) Then
ForJ=1ToN
K1=MP(K)
Call SWAP(AJ(K1, J), AJ(K, J))
Next J
End If

-- TRANSPOSITION OF THE PIVOTAL COLUMN WITH THE KTH COLUMN

If (MQ(K) <> K) Then
ForI=1ToN
K2 = MQ(K)
Call SWAP(AJ(I, K2), AJ(l, K))
Next |
End If

-- JORDAN TRANSFORMATION

ForJ=1ToN
IfJ =K Then
BB(J)=1/PIV
DZ(J)=1
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Next J
Forl=1ToN
ForJ=1ToN
AJ(l, J) = AJ(l, J) + DZ(1) * BB(J)
Next J
Next |
Next K

" REARRANGEMENT OF THE MATRIX

If KSG =1 Then
ForK=1ToN
K3=N-K+1
If (MP(K3) <> K3) Then
DET = -DET
Forl=1ToN
K4 = MP(K3)
ZS = AJ(l, K4)
AJ(l, K4) = AJ(l, K3)
AJ(l, K3) = ZS
Next |
End If
If MQ(K3) <> K3 Then
DET = -DET
ForJ=1ToN
K5 = MQ(K3)
ZS = AJ(K5, J)
AJ(K5, J) = AJ(K3, J)
AJ(K3, J)=ZS
Next J
End If
Next K
End If
End Sub

Sub SWAP(PARL, PAR2)
Temp = PAR1

PAR1 = PAR2

PAR2 = Temp

End Sub
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SBJLE1  FFIRAIE AR S BRi% A
FBEBAL Ui O g A
49 i (53 7 1) Jacobian I < HUAHAET n ELNE g (e
SBEAEITICE o % Y JU RN WA RN i o #pw
AR BOTT R IEEERYACE < F O 48 Al TRLA ™ g B A s - s
BB FURER T P A K 2 AT - O IRLER B T il
PR AR (e s
PR = RS R S BT % iy S A
o RO (R A5 P Wﬁﬁﬁﬁ}mﬁtfﬂ*ﬁ%ﬁﬁﬁipﬁﬁ%“
ﬁﬁﬁ@bW@ﬁWPW’ HHlk = w P R SRR B
iy AR O A -

L = i
g2 5.7 Wl EE B 8
FI2 I ST T A A (0] 5-6 -
TOP-DOWN &3t :
TE“L]%&H%w H”L,K(.J»J\ﬂj—{’_ _jr[g\Tf( X) [/ﬁj_—?lg‘rp F'j/"_f&'

of (x)  f(x+Ax)— f(x—Ax)
ox 2AX

i Jacobian HfIFlFE 7 S AT x, (SRR 15 PR 6 (x,)
HIASE ORI AL YA T O A 2 AR - 2 AL Jecobian Sl
o I @ E T2 ] 56 iy TOP-DOWN 5t -

(5-8.12)
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21#2= Jacobian(N, AJ, P, Z)

Forl=1toN
@d}‘ f(l(i _Al(i)
XX = Z(1)
Z(1) = XX * (L—EX)
X1=2(l)
Call DefineFunction(z, DZ, P)
ForJ=1toN
| BB(J) =Dz(J)
@ f(x +Ax)
Z(1) = XX * (1 + EX)
X2=2(1)
Call DefineFunction(Z, DZ, P)
ForJ=1toN
| AJ3)) = (DZ(J) -BB(J) / (X2 -X1)
RETURN

R (2 Y] 5-6)
EX @ x Ui > Ax, = (EX)* X,
BB @ h f(x —Ax)

BERXHD

! kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

‘ *  NEWTON RAPHSON SECANT METHOD

! kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Sub NewtonRaphsonSecantMethod(Xpos, Ypos)

N = NUMBER OF EQNS., RETURN WITH ERROR CODE
DZ = RESIDUALS (DIMENSION N)
YA = INITIAL ESTIMATE OF SOLUTION

ED = VALUE OF DETERMINANT CONSIDERED TO BE ZERO FOR

CHECKING WHERE THE MATRIX IS SINGULAR,

‘ USUSALLY TAKEN AS 1E-30

A = JACOBIAN MATRIX

" EX = STEP LENGTH FOR PARTIAL DERIVATIVE ESTIMATIONS,

‘ FUNCTION EVALUATED AT (1+-EX)*Z

"Bz = ACCEPTABLE RELATIVE ERROR IN Z

' ITMAX = MAXIMUM LNUMBER OF ITERATIONS ALLOWED
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‘ MAIN PROGRAM

Dim Z(10), DZ(10) As Double
‘ == INITIAL GUESSES
P =20:' PRESSURE
N=7: 'NO.OF EQUATIONS
Cls
Print "ENTER INITIAL GUESSES:"
Forl=1ToN
Print"Z("; I;") ="
Z(1) = Val(InputBox("INPUT Z(I)", "Input Z(I)", Z(1), Xpos, Ypos))
Print Z(1)
Next |
MsgBox ("Hit Any Key to Continue")

[tmax = 10
ED = 1E-30
EX=10.001
EZ =0.0001

‘ CALL NEWTON RAPHSON SECANT

Cls
Call NewtonRaphsonSecant(N, Z, DZ, Itmax, P, ED, EZ, EX)
If N <=0 Then
Print String$(79, "*")
N=-N
Else
Print
Print "SOLUTION OF THE SYSTEM: "
End If
Forl=1ToN
Print Format(Z(l),"  0.00000E+00");
If (Int(1 / 8) - 1/ 8) =0 Then Print
Next |
Print
End Sub
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Su

Su

b DefineFunction(Z, DZ, P)

DZ(1)=0.5*Z(1) +Z(2) + 0.5* Z(3) - Z(6) / Z(7)

DZ(2) = Z(3) + Z(4) +2* Z(5) - 21 Z(7)

DZ(3)=Z(1) +Z(2) +Z(5) - 1/ Z(7)

DZ(4) = -28837 * Z(1) - 139009! * Z(2) - 78213! * Z(3) + 18927 * Z(4)
DZ(4) = DZ(4) + 8427 * Z(5) + 13492 | Z(7) - 10690 * Z(6) / Z(7)
DZ(5) = Z(1) +Z(2) + Z(3) + Z(4) + Z(5) - 1
DZ(6)=P"2*Z(1)*Z(4)"3-178370! * Z(3) * Z(5)
(7):2() Z(3) - 2.6058 * Z(2) * Z(4)

Sub

b NewtonRaphsonSecant(N, Z, DZ, Itmax, P, ED, EZ, EX)

SUBROUTINE NEWTON RAPHSON SECANT

Dim AJ(L0, 10), BB(10), Z2(10)
=0

Do

ConvergentFlag = 0
Print "ITER="; II
ForZM=1ToN
Print Format(Z(ZM), " 0.000E+00");
If ZM /8 - Int(ZM / 8) = 0 Then Print
Next ZM
Print
Call Jacohian(N, AJ, BB, P, Z, DZ, EX)
Call Trixee(N, AJ, BB, DZ, ED, DET, ConvergentFlag)
If ConvergentFlag = 0 Then
Print "** Matrix singular in nonlinear equations solver, DELTA ="; DET
N=-N
Exit Do
End If
Call DefineFunction(Z, DZ, P)
ForL1=1ToN
Z2(L1) =0
ForKH=1ToN
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Z2(L1) = Z2(L1) + AJ(L1, KH) * DZ(KH)
Next KH
Z2(L1) = Z(L1) - Z2(L1)
Next L1
ForKS=1ToN
If (Abs((Z2(KS) - Z(KS)) I Z(KS)) - EZ) <=0 Then
ConvergentFlag = ConvergentFlag
Else
ConvergentFlag = ConvergentFlag + 1
End If
Next KS
If ConvergentFlag = 1 Then
Exit Do
Else
h=1+1
Forl=1ToN
Z(1) = 22(1)
Next |
End If
Loop While Il < Itmax
If ConvergentFlag > 1 Then
Print "** Poor convergence in nonlinear system equation solver, ITER ="
N=-N
End If
End Sub

Sub Jacobian(N, AJ, BB, P, Z, DZ, EX)

‘ SUBROUTINE JACOBIAN

ForI=1ToN
XX =Z(1)
Z(l) = XX * (1 - EX)
X1=2()
Call DefineFunction(Z, DZ, P)
ForJ=1ToN
BB(J) = DZ(J)
Next J
Z(l) = XX * (1 + EX)
X2 =2Z2(l)
Call DefineFunction(Z, DZ, P)
ForJ=1ToN
AJ(J, I) = (DZ(J) - BB(J)) / (X2 - X1)

5-60

“OUAL B



zB= st

Next J
Z(l) = XX
Next |
End Sub

Sub Trixee(N, AJ, BB, DZ, ED, DET, KSG)

SIMULTANEOUS EQNS. SOLVER

Dim MP(50), MQ(50) As Double
DET=1
" -- DETERMINE PIVOTAL ELEMENT
ForK=1ToN
PIV=0
ForI=KToN
ForJ=KToN
If (Abs(AJ(l, J)) > Abs(PIV)) Then
PIV =AJ(l, J)
MP(K) = |
MQ(K) =J
End If
Next J
Next |
DET = DET * PIV
If (Abs(DET) <= ED) Then
KSG=0
Exit For
End If
KSG=1
-- TRANSPOSITION OF THE PIVOTAL ROW WITH THE KTH ROW
If (MP(K) <> K) Then
ForJ=1ToN
K1=MP(K)
Call SWAP(AJ(K1, J), AJ(K, J))
Next J
End If
" --TRANSPOSITION OF THE PIVOTAL COLUMN WITH THE KTH COLUMN
If (MQ(K) <> K) Then
Forl=1ToN
K2 = MQ(K)
Call SWAP(AJ(I, K2), AJ(l, K))
Next |
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End If
" -- JORDAN TRANSFORMATION
ForJ=1ToN
IfJ =K Then
BB(J)=1/PIV
Dz(J)=1
Else

Next J
Forl=1ToN
ForJ=1ToN
AJ(l, J) = AJ(l, J) + DZ(I) * BB(J)
Next J
Next |
Next K
' REARRANGEMENT OF THE MATRIX
If KSG =1 Then
ForK=1ToN
K3=N-K+1
If (MP(K3) <> K3) Then
DET = -DET
Forl=1ToN
K4 = MP(K3)
Call SWAP(AJ(I, K4), AJ(l, K3))
Next |
End If
If MQ(K3) <> K3 Then
DET = -DET
ForJ=1ToN
K5 = MQ(K3)
Call SWAP(AJ(K5, J), AJ(K3, J))
Next J
End If
Next K
End If
End Sub

Sub SWAP(PAR1, PAR2)
Temp = PARL

PAR1 = PAR2

PAR2 = Temp

End Sub
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BRI

P I AR AT o P E TR R SR S DZQ) = f(x) O]
7 [¢1" Sub DefineFunction(Z , DZ , P) = 7 53 A 2V sy AX(1, J)= o Jox;
Ao P TR AHISUE DR A Ah DZQEIS R0 (A
FoRY o PRI iR ] R I -

—
BT SiahiefRI#R)AED Excel FER h

 CRE AR A PR FUREE AR AR L 2 AL - P8 Y PR
FEFIR RPN (Rt BT e S T R 2 S M) Excel AEIAEE o F)T AN
W IRPIINI {21 i Excel ARV SR 48 A Hlasak A =t

Nl 4 1E 1V {8 ARl #R A5 B2 Excel
S5 Excel 4754 T EAIBLTS © iS5 -

u, +u, —2.78u; =0

58.9+ 40(u,” —u,?) =0
~156.0+ 40(u,” + 0.3u,°) = 0

2 77| Excel AV A e

Al B | ¢ | o || F | ¢ | H [1]| 3
Jacobian

F1= u, +u, —2.78u,
ofi (x;)  fi(x; +Ax;) - f(Xx; —Ax;)

F2= 58.9+40(u,” —u,”) ox, 2%

X increment Ex= 1.000E-03

F3= —156.0+ 40(u,” + 0.3u,%)

@E%
\VSUAL B
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Tria Value| x+dx X - dx -F(x)
Ul |1.467E+00 | 1.469E+00 | 1.467E+00 3.153E-14
U2 |2.203E+00 | 2.205E+00 | 2.203E+00 4.915E+01
U3 |1.320E+00 | 1.322E+00 | 1.320E+00 -5.909E+01

X+dx ul u2 U3 X-dx Ul uz2 U3

F1 | 1.467E-03 | 2.203E-03 |{-3.671E-03 -1.467E-06 | -2.203E-06 | 3.671E-06
F2 1-4.897E+01}-4.953E+01{-4.915E+01 -4.915E+01 {-4.914E+01-4.915E+01
F3 |5.909E+01|5.948E+01 | 5.913E+01 5.909E+01 | 5.909E+01 | 5.909E+01

Jacaobian Inverse Jacobian h
1.000E+00 | 1.000E+00 {-2.780E+00 8.358E-02 | 7.803E-03 | 7.329E-03 -4.960E-02
1.174E+02 {-1.763E+02; 0.000E+00 5.567E-02 | -4.740E-04 | 4.881E-03 -3.117E-01

0.000E+00{ 1.763E+02 | 3.170E+01 -3.096E-01 | 2.636E-03 | 4.392E-03 -1.300E-01
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53 Ul {1.417E+00;1.419E+00: 1.417E+Q0 2.665E-15

54 U2 {1.866E+00; 1.868E+00 | 1.866E+00 2.781E-02

55 U3 |1.181E+00| 1.182E+00| 1.181E+00 -2.901E-02

56

57 | x+dx Ul U2 u3 X-dx Ul u2 U3

58| F1 | 1.417E-03 | 1.866E-03 |-3.283E-03 -1.417E-06 | -1.866E-06 | 3.283E-06

59 F2 | 1.330E-01 {-3.065E-01;-2.781E-02 -2.797E-02 | -2.753E-02 | -2.781E-02

60( F3 | 2901E-02 | 3.077E-01 | 6.250E-02 2.901E-02 | 2.873E-02 | 2.897E-02

61

62 Jacobian Inverse Jacobian h

63 1.000E+00 | 1.000E+00 {-2.780E+00 7.764E-02 | 8.130E-03 | 7.610E-03 5.382E-06
64 1.134E+02 {-1.494E+02| 0.000E+00 5.897E-02 | -5.198E-04 | 5.781E-03 -1.821E-04
65 0.000E+00 | 1.494E+02 | 2.836E+01 -3.106E-01 | 2.738E-03 | 4.817E-03 -6.358E-05

L PR UL, U2, UB IR - 3R -F() BrfEl v F8.FL0 ) -

2. [~ ﬁﬁﬁ%%&’ ?ﬁdi%%ﬁﬁlﬁ‘[%\'fﬁﬁﬁl Jacobian - A FAHZE 0K (x+Ax)
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f(x, +h) = f(xn)+hf'(xn)+h_22 £ (X, ) oo

(b) '&JX +hg o it as il f(x, +h)=0 : jﬁgﬁ 1| FEEE > HE]
f(x,)+h [f'(Xn)+2f"(xn)]:o
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ooy 1100)
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(%)

7. FIRIHIRE 6 TR R S (] 55 -
SR D SR (o ] 5.7 -
RS AR R R DV -
10. FRiEER i A
sin(x)—x, +1.32=0
cos(X,) —% +0.85=0

1L %= B IR E%“E’f%%f"‘ BRI 2 %@’lﬁmffﬂ (- B 0.07 m? A
SRR R e 2 ETREEAEL 4,000 mm? o ST R IRS WA - ¥

%IHI%FEE&‘J% 10 MN/m? » 3E§ A £, 500°K » 2
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5T 14507 £14% 40 kg/k mole» EEAL iy 5 14 = SR 2 G e
EE o[ YRL BT8T 0 ] 44] -

e gk [1] 5 AR

-1.42
[0
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1_0)0.29
uS :141(1_ w0.29)—0.5
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