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The Finite-difference Method 2aall 3 Al 484,k 2

Finite-difference Methods 2s3aa) (3 A&l 3k 1.2

Al At e

X=0 Ladie y=3 Cus

e Jani (1.2) dalaal JalSs o) LSy

y = constant
Aall iy =g g b
Aalaall Jad o) Wle (1€ (1.2) Aabeall (g0 Yoy (81
9’2 = exp(_x2 ) (22)
dx

X=0 Laxie y=0 Eua
(e xaal 538 Y L) e at il ST et ot () Crad dmia Gl 5 A Ll 0 ) Laaie
Llias Lds Jnioaal) (g 431 Y1 (1.2) dobadl)

(2.2) Alaall Jal axiia o)) Wia ¢Says (1.2) Aalaadl Jal lganiinl (Ko 4355k ) zliag

Lealudl 5

Jagasill (N-1) o)3al ) dadaie X=Xy o) X=X1 0 il badll e ¢ 3 iasy 1.2 JSA)
skl A sludia o) 3291 o i i o) LiSay

Bl (e JS Yo XY o o 2 2.2 JSA
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X1y X2y eevney Xjclyeooes XN

28al) (g Adlsal) Canatiia A Lalss die dy/dX ad ae

= = V2 vi ) S yYn

dy _ Y2— Vi Yi = Vi-1
o X2 =X1 Xj — Xj-1
2.2 sl

A8al) Liaddtinl dx/dy dad lusal

dy _ increase iny

dx increaseinx
ALK 43l Lay B i X (A B3l I CulS 1Y) daman 483e 224
aa IS G a3 isid) o) e (i il (s siall Aadl) 4 5lai) lan dage &y i llia

P i-1 omzou Al o (A4l S — da JS5 (o jpea Lilliiadia o) (i i85 o) LSy —
Lol (g sl

i = yi1)(xi —xi_y) (2.3)

Glisiall o) 6 5 o) Wik J,La;aLcﬁ,.Lm' OsSe O) a Y 1da ) 3.2 JSET e el o) Wiy
el Alsal) Cauaiia die (3.2) dipall U g il (555, dae il

O i (1.2) Aslaall 2.2 JSED 6 adll e 13)
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Ye— i1 =0

Yi=Yi-1

Sl

P agsd o) ey OB x=0 Laie y=g il 1) Jull g dlguds LIS UL S8y a8
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(3.2) Ulaally dia el

de L Adall Galaal)

-
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L) sl . dand — 33 sandll (55l A8y yha — A3kl (JBY) e Ui ol a5 las Alga ALl 528
REVENCAPE I S i EEEN (QENES:

y=a
e drani (2.2) Ul Jal 4y jlall (i padin lies (Y1
YimYizt = eyp(—x? y)
Xi— X1
|
Yi=Yia t(x;—xiy) exp(=xi_y) (2.4)

3.2 S 8 Al Aabual Sle Jaalls (2.2) Asbaall S dai il Coyad by Sl

sie G ey A8 4 Lidan i gun (4.2) Aobadl) L) 48 Loy 8 psim Xi-Xig 0 ial
e ) Al US s LSy dauliie ad a1 (3.2) Aalaall aladid LiSay s cy=0 )l olas x=0
shiiall Lasl) ol il

g ez e 1.2 JRA (finite differences) 82 sasall cild g 8l 45 jla ja a0 g8 ¢ JUIL ol2a
Al die o g bla) ASuAll drens

o gas Allisall o2 Jie ey m 3 4800 allay o M) (e m 220 8 Al Jal) ddle ddia
Allia S ¥ i Ld Lok ) Jlesall 8 Alital) <l priall (pe m 22e @i IS 13 WLyl
g 2 Gl ASE ) ad Uatia) ol Ngd 5 1(y) 58 aal5 i juria g (X) dadd 2a) g Jilse e

1.2 Jall b L

I@AUJ,\S\

(Apple 11 51 IBM (masill i50asll 5 3aY 7 2 58 LS ailia)
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bl a5 et Cogas (2.2) Jie Jlsall Ja a2 s dloaall Aady Ty el y iS5 e (Y

0 (el

e 20 - Abaalll o3l (e ey X A8 sems ) gling 13gd Al o580 o Y gliad Y
Aadaill Jgda i (o Lile SIS juaic D() o XS (Y 4 shine 8 () a0 o sas Adadi JS die Jlal)
1D DX 558 IS Joha ol Wiy L 138 il oalvial e Alall Jai (gll aad) Jaall
o L/(N-1) Weloka 38 JS 352 (N-1) ellia 5% Julls cdase (20 n SS)) N Leadia

(100 bty cosni X(1)

(200 hauall) FNA(X) = Lpassil Alalaall a1 <o plall () 5838 Al g Al aay
(300 sl daall o g il dasilly 5 585 o) Lile Y1

b Akt sie FNA(X) cend o) can 48 32y (4.2) Aolaall 225y Y af s lll 2y
(400 _haudl) X(1) 5 X(1-1) o Aol Coatiia

999 ol sie (58 5y i gas grali sl 5 (500 haaall) Lgmalai i A il (i 53 ) el
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1 REM MAIN PROGRAM SECTION: LINES 1-999
100 GOSUB 1000: REM INITIALISE

200 GOSUB 2000: REM PHYSICAL PROPERTIES
300 GOSUB 3000: REM BOUNDARY CONDITIONS
400 GOSUB 4000: REM SOLVE THE PROBLEM
500 GOSUB 5000: REM PRINT THE SOLUTION
999 STOP

1000 REM SUBROUTINE FOR INITIALISATION
1010 DIM X(20),Y(20)
1020 N=11: REM NUMBER OF NCDES
1030 L=2: REM LENGTH OF LINE
1040 DX=L/(N-1): REM INTERVAL BETWEEN NODES
1050 REM CALCULATE THE GRID
1060 X(1)=0
1070 FOR I=2 TO N
1080 X(I)=X(I-1)+DX
1090 NEXT I
1999 RETURN

2000 REM SUBROUTINE FOR THE PHYSICAL PROPERTIES
2010 DEF FNA (X)=EXP (-X*X)

2999 RETURN

3000 REM SUBROUTINE FOR SETTING BOUNDARY CONDITIONS
3010 Y(1)=0

3999 RETURN

4000 REM SUBROUTINE FOR CALCULATING THE SOLUTION
4010 REM CALCULATE THE Y'S
4020 FOR I=2 TO N
4030 Y(I)=Y(I-1)+(X(I)=-X(I-1))*FNA((X(1)+X(I-1))/2)
4040 NEXT I
4999 RETURN

5000 REM SUBROUTINE FOR PRINTING AND PLOTTING RESULTS
5002 PRINT: PRINT "X","Y":PRINT
5010 FOR I=1 TO N
5020 PRINT X(I),Y(I)
5030 NEXT I
5999 RETURN

9000 REM SUBROUTINES FOR GRAPHICS AT 9100 ETC.
9999 RETURN

Lol 405 Laliaaaiad ) 48 phal) Jary s las Jagu 4380 5 oS (5 6 ) (iYL Gl zealiyall 138
.Euler's method _d s 45 4k
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Bl il e s eyl Gty Lk 13

2 .198009967
4 .380796204
.6 .536556361
8 .659081639
.748053252
2 .807692708
4 .B44596613
.6 .865676458
B .876791701
.88220207

Ly (o il i) o3 andl () Ak Ll el 4l (2,2) Al Ja lei Y L) LS

dy/dx = cosx
X=0 Leie y=0 Cus
Sl i) e el yall A Skl (e Jiandy SiNX 5o el s2a Ja o ales

1020 N=17
1030 L=3.14159265
2010 DEF FNA (X)=COS (X)

Al il e Jaand czali ) Juadd 3ale) &3 (e g
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X Y

0 0
.196349541 .195404064
.392699081 .383298859
.589048622 .556463694
.785398162 .708243942
.981747703 .832806772
1.17809724 .925365305
1.37444678 .982362568
1.57079633 1.00160819
1.76714587 .982362569
1.96349541 .925365306
2.15984495 .832806773
2.35619449 .708243944
2.55254403 .556463697
2.74889357 .383298862
2.94524311 .195404067
3.14159265 3.09364623E-09

O i SIN(PI/4) e il Jons e i IS Jaad (3 lall5) alioll o 555 ) (S
Ll e (a3 SIN(PI/2) 5.0.7082 il (e dadill ans zeabiall o s (3 ...0.7071 0155
LY e e cail 1385 1.0000 G« Yo ... 1.0016

1.2 Gl
S X=0 (0 sl e ex=0 Ladie y=0 Sua o] gmabill aladinls ody/dx = sinx dabaall Ja
AN G 1030 bl Jae x=2

Jall e Jeant Cagas clil (1020 landl) saie 11 Leddind 13)
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2 .0199666833
-4 .0790707247
.6 .174955832
8 -30379937
.460464752
.638706224
.831417861
1.03091686
1.22924982
1.41850984

PO S S S
. \&,; 4 ‘A
(oo e JRF A N

Ladie y=0 Ja_ll (3auki g dy/dX=sinX JalSh adde Jiaad Lo xe 4% jlaay Jall 138 483 (e (383

Xx=0
ssde Jadl daws e Juand () cany 3aie 17 Lieadiiad 13 i) e (o (55 oY)
1 459997113

1 ddiidl e ol SN - Jalsill Lle Wleas il daaill 00003 Jak 5S35 O aay il 228
Aa ) Gl s ) (2

Second-order Problems 4wl 4 ) Jibus 2.2

PR{INA( ):ﬁc\

2
Y - fe) 2.5)

7C2
X=0 Lexie y=0 Eua

x=L Laxie y=0
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Al Jla JS e dplidiiie e s siad Y «Second-order 4sl Al (e Al o2a
o5 4.2 JSAI () Ladd aa) 5 Jiiae poaie la 43Y dal 5 a0y I3 4 5 AT 5 e Lin Lgaadiinia
1+1/2 4dadil) pe ARl 43y Hlall ity 45 gina Jal) (g Jalail) j 382l Jagay ASEN (e B 6 e

A1 838l g j Badall (p A8lisal) Clualia & o83

3 & & © Py

Xi—1 Xi-% Xi Xivys Xir1

4.2 s
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d’y _ (dy/dx)isy — (dy/dx);_y

—= = = 2.6
dx? Xivyp — Xi_y (2:6)

(Y (3.2) Aapall Hlail caial) (o Adlad) Chmiia b a& il L@l die dy/dx ad Las g S8
(7.2) Adladl e Joani ¢(3.2) phatials JalS US4 (6.2) ddall 5|

&y _ arr =y = x0) = O =¥ )@ = Xio) 2.7)

dx? (x;e1 — X 1)!’2

A 138 Al in Liadid G gy Al A8iEl] 3 gasnall (3l 3 gai 5 12n

4 Loy Ay B Lgeadies ) dxpall o) e cpaSlia o0 KD e je cang 631 aa 1) LalaY)
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1 bl LS — DX 55k

Lol 5% b

Y(1+ 1) — 2+ Y(I) + Y(I — 1) = FNA(X(D)) * DX * DX
G AY) LRSI A (Y (1)) = 0o il Cann g il el fipa 3 LS
Y(1)= .5 * (Y(I+ 1) + Y(I - 1) — ENACX(D)) * DX # DX) (2.8)

) (4.2) Aapall Jie a2 il 4l oo Y(1)) 4 (8.2) Aabaall alasind & dpulusd) 4, gaall
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2 lix

(Apple 1133¢a] 5l IBM PC 336aY z % s LS caulia)

‘55 33 ) oll Lo ,y8 Gl padall uds e\difu.n\_j «(8.2) el Ja1 Al C‘“L’J" Qi gl oY) LSy
&ﬁiﬂdﬁt&ibd\&ﬂabjca‘l GAUJJ\

o3l (e — a5l D3

ChLﬂJSﬂ\CﬂJAJAC(:3

Y (1)  dadll adll 50 5 33 O

1 REM MAIN PROGRAM SECTION: LINES 1-999
100 GOSUB 1000: REM INITIALISE

200 GOSUB 2000: REM SET UP PROBLEM

300 GOSUB 3000: REM BOUNDARY CONDITIONS
400 GOSUB 4000: REM SOLVE THE PROBLEM
500 GOSUB 5000: REM PRINT THE SOLUTION
999 STOP

1000 REM SUBROUTINE FOR INITIALISATION
1010 DIM X(20),Y(20)

1020 N=11: REM NUMBER OF NODES

1030 L=2: REM LENGTH OF LINE

1040 DX=L/(N-1) : REM INTERVAL BETWEEN NODES
1050 REM CALCULATE THE GRID

1060 X(1)=0

1070 FOR I=2 TO N

1080 X(I)=X(I-1)+DX

1090 NEXT I

1100 C3=0: REM INITIALISE THE COUNTER C3
1999 RETURN

2000 REM SUBROUTINE FOR THE PHYSICAL PROPERTIES
2010 DEF FNA(X)=2
2999 RETURN

3000 REM SUBROUTINE FOR SETTING BOUNDARY CONDITIONS
3010 Y(1)=0 '

3020 Y(N)=0 : REM RIGHT BOUNDARY
3999 RETURN
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4000 REM SUBROUTINE FOR CALCULATING THE SOLUTION
4010 REM CALCULATE THE ¥'S
4015 D3=0: REM SET RESIDUAL TO ZERO
4020 FOR I=2 TO N-1 : REM ONLY TO N-1 NOW!!
4025 0=Y(I): REM STORE PREVIOUS Y IN O
4030 Y(I) = .5 * (Y(I + 1) + Y(I — 1) - FNA(X(I))*DX*DX)

4035 D3=D3+ABS(0-Y(I)): REM ACCUMULATE THE CHANGES

4040 NEXT T

4100
4110
4120
4130
4200
4210

C3=C3+41: REM INCREASE COUNTER
REM PRINT OUT TYPICAL VALUE AND THE "RESIDUAL"
PRINT "RESIDUAL IS ";D3;" AFTER ";C3;" ITERATIONS"
PRINT “Y("; INT (N / 2);") = ";Y( INT (N / 2))
REM IF NOT CONVERGED GO BACK TO 4015
IF D3 > 1E - 6 THEN GOTO 4015

4999 RETURN

5000 REM SUBROUTINE FOR PRINTING AND PLOTTING RESULTS
5002 PRINT: PRINT "X","Y":PRINT

5010 FOR I=1 TO N

5020 PRINT X(I),Y(I)

5030 NEXT I

5999 RETURN

9000 REM SUBROUTINES FOR GRAPHICS AT 9100 ETC.
9999 RETURN

in Gl i€ ] il e (Ll dilise of) JSEN iy el a) N 2 malil) (A Sl

D3 <1E-6 <o) b 3iad IS5 135 380 (i s Leild eguali ) Qo Lk 13

9 ia Jexi Apple sieal 0Y) o3 Jie daim Jle Juand Cage Apple 1] 53eal Lo
<) IBM i Gl Y Apple gl s o ciag il 6 s Jaad IBM 36l s 4 lbas

(el Cun (ye (38 IS0 Y 13g8 — [E-7 Jie a8 )1 U e 13) Bhla cilila) e
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RESIDUAL IS .64015625 AFTER 1 ITERATIONS

Y(5) = -.075

RESIDUAL IS .560625 AFTER 2 ITERATIONS
Y(5) = -.145

RESIDUAL IS .501513672 AFTER 3 ITERATIONS
Y(5) = -.210625 :

RESIDUAL IS .45288086 AFTER 4 ITERATIONS
Y(5) = -.2725

RESIDUAL IS .410998536 AFTER 5 ITERATIONS
Y(5) = -.331152344

..... 1E'6uﬂd§\a-“:.‘§é;‘ DB@JSAS\QAE@&A&JM}

RESIDUAL IS 1.13807619E~06 AFTER 133 ITERATIONS

Y(5) = -.959998304

RESIDUAL IS 1.02934428E-06 AFTER 134 ITERATIONS
Y(5) = -.959998467

RESIDUAL IS 9.31206159E-07 AFTER 135 ITERATIONS
¥(5) = -.959998613

X Y

0 0

2 -.359999476

-4 -.639999052

.6 -.83999876

.8 -.959998613

1 -.999998613

1:2 -.959998746

1.4 -.839998985

1.6 -.639999299

1.8 -.35999965

2 0

_8}ﬂ\HAL}qdﬂumljtﬁﬂ\gﬁ;ﬁ(}dﬂ\ig)k‘ﬂU& “gusn\i%CpA4¢;9J\g§¢5JSLJ}u\As
w‘w‘éﬁ“—’jﬁﬁzc‘hﬂ‘u\wu}&uﬂ cw\o&‘;
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2.2 (o

b Al ) i G L JalSH slsa) DA e f(X)=2 g ¢(4.2) Adlad) s
A ke UL 6 ia Aauaa 2 el

The General Second-order Problem awladf 4t 45,0 Al 3.2

Wl As Hal) e dalialss Adalas

d*y dy
~ +bh —+ey=f(x (2.9)
‘& & * i

in 1385 Aalaiie 4Kl Ll ) ilaall sl g Jasuail clica 50 131 (/X2 2 (5.2) dieall Linad
Jesall J<AI e Joaass 55 DX

dx? dx?

| — Al (i die dy/dx Cluad Cpgiie 0S5 ) any L dy/dX  Aaall ) sl oai Gl
aiiall Claad (Y(1-1) 5 Y(I1+1) af)l drally Lediiinl WSy Al ddiia) Jie — saiall aic
S sa 138 Jaad Al ) 46y Hhall | VY1 A e Jgeanll agardiug o)) Loail Liay (Al

G il e dy/dx

Y(1+1)— Y(I-1)
2 DX

zena (9.2) Aalaal

A* (Y (I+1)-2*Y(I)+Y(I-1))/DX/DX + B*(Y(I+1)-Y¥(I-1))/2/DX + C*Y(I)
= FNA(X(I))

(el o Lo Alabae (K05 o) 23] lea Cand 038 :12aY)
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AV Y (1) D fra K3 S g o (S Y 038

Y(I-1)
Y(I+1)
A, Band C
FNA (X(1))
Ll
Y(I) = (GL*Y(I+1) + G2*Y(I-1) + G3)/G4 (2.10)

Gl = -A/DX/DX - B/2/DX
G2 = -A/DX/DX + B/2/DX
G3 = FNA(X(I))

G4 = C - 2*A/DX/DX

O S 1 (8.2) Aalaall (i Aaal) & & (10.2) Aalaall o) JaaBl o)) 58 las daga i
(8.2) Aaleal) Jat audi o) 6 o ga (10.2) EARE DS EN PPRECAON | I PIWAN| =l

L cY(|) ‘N «Cs<Bs <A ?3‘3“ d\.;db CLm.uﬂ c)'}S\ 4..‘.)&:.3.\ Liad ce\lilum Jeus) G‘Au)’d‘ Jaal
Aege Jilie Jad padiing o) Sy el mals n (148 Y(N) s

Jzbix

1 REM MAIN PROGRAM SECTION: LINES 1-999
100 GOSUB 1000: REM INITIALISE

200 GOSUB 2000: REM SET UP PROBLEM

300 GOSUB 3000: REM BOUNDARY CONDITIONS
400 GOSUB 4000: REM SOLVE THE PROBLEM
500 GOSUB 5000: REM PRINT THE SOLUTION
999 STOP
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1000 REM SUBROUTINE FOR INITIALISATION
1010 DIM X(20),Y(20)

1020 INPUT "NUMBER OF NODES ";N

1030 INPUT "LENGTH OF DOMAIN “;L
1040 DX=L/(N-1): REM INTERVAL BETWEEN NODES
1050 REM CALCULATE THE GRID
1060 X(1)=0
1070 FOR I=2 TO N
1080 X(I)=X(I-1)+DX
1090 NEXT I
1100 C3=0: REM INITIALISE THE COUNTER C3
1999 RETURN

2000 REM SUBROUTINE FOR THE PHYSICAL PROPERTIES
2010 DEF FNA(X)=2

2020 INPUT "ENTER A ";A

2030 INPUT "ENTER B ";B

2040 INPUT "ENTER C ";C

2100 REM CALCULATE G1, G2 AND G4

2110 Gl = -B / 2 /DX ~-A /DX / DX
2120 G2 =B / 2 /DX -A /DX / DX
2130 G4 = C - 2 * A / DX / DX

2999 RETURN

3000 REM SUBROUTINE FOR SETTING BOUNDARY CONDITIONS

3010 INPUT "Y (1) ";Y¥(1)
3020 PRINT "VALUE OF Y AT X=";L;
3030 INPUT Y(N)

3999 RETURN
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4000 REM SUBROUTINE FOR CALCULATING THE SOLUTION
4010 REM CALCULATE THE Y'S

4015 D3=0: REM SET RESIDUAL TO ZERO
4020 FOR I=2 TO N-1 : REM ONLY TO N-1 NOW!'!!

4022 G3 = FNA(X(I)) : REM G3 RECALCULATED AT EACH NODE
4025 0=Y(I): REM STORE PREVIOUS Y IN O
4030 Y(I) = (Gl * ¥Y(I + 1) + G2 * ¥Y(I - 1) + G3) / G4

4035 D3=D3+ABS(0-Y(I)): REM ACCUMULATE THE CHANGES

4040 NEXT I

4100 C3=C3+1:° REM INCREASE COUNTER

4110 REM PRINT OUT TYPICAL VALUE AND THE “RESIDUAL"
4120 PRINT "RESIDUAL IS ";D3;" AFTER ";C3;" ITERATIONS"
4130 PRINT “Y("; INT (N / 2);") = ";Y( INT (N / 2))
4200 REM IF NOT CONVERGED GO BACK TO 4015

4210 IF D3 > lE - 6 THEN GOTO 4015

4999 RETURN

5000 REM SUBROUTINE FOR PRINTING AND PLOTTING RESULTS
5005 PRINT "X","Y",:PRINT

5010 FOR I=1 TO N

5020 PRINT X(I),¥Y(I)

5030 NEXT I

5999 RETURN

9000 REM SUBROUTINES FOR GRAPHICS AT 9100 ETC.
9999 RETURN

G’ o) (S Ghs G2 G1 ailll el Lelaad Hlau) any (8 Bland Jany Ll (5,413 1
el ) cangy AT anie (S0 Gl () any G3 Al (K15 2110-2130 die dash g 3aa) 53 5
X(1) 24 o8 — 6 AY) Colabaall S Gl — G3 Y kel 138 4022 xie dalall Jala &

Al Mxia) ey Cagan s

3.2 (o

‘;S: @)3\3 U}S" t_i}u cY(n):O) ‘Y(I):OJ cl_:2} cC:O} B:O) ‘A:]_j «(N=11 @4}4
1 %) L'ég;:t 2 c.ab).\x\ %) L@—..‘l‘; Llas L;—“‘ C.Z\UJ\ C\:\.ﬁu\ B.Jt.c;\
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Graphics <ba gl 4.2

Shall v e il o8l JAdl Cliaie ay Slo Jpanl) 2K Ll ) guelial) Gy i
Jpanll o si€a opsig M i (sl o giliall Cilvinia aus y (e LiSay g JUI (455019000
s a5 O xS CAPPLE 86y Sl IBM 306 dlle 4ililas 48y ciliania e
8y ol it Jaih ollia <l yriall (i aladinly cclund) Axd Aapa (e AT Aapa Y aa s 0
A Jeald aa Jaad ey o Gany 5000 bl ie o550 0S15 4999 byl
19999-9000 k! & Sl all i )l 5 S (e lele Ulaas Al Aapunll 400al)

4 gl

dan 8 daunse Apple 11 Slead & slhe dahall O3baadll IBM 33¢aY 7% s LS caulia)
(i) Al a5 9000 laadl 30 REM

100
200
300
400
500

999
1000

1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1999

GOSUB 1000:
GOSUB 2000:
GOSUB 3000:
GOSUB 4000:
GOSUB 5000:
STOP

REM SUBROUTINE
DIM X(20),Y(20)

REM
REM
REM
REM
REM

INITIALISE

SET UP PROBLEM
BOUNDARY CONDITIONS
SOLVE THE PROBLEM
PRINT THE SOLUTION

FOR INITIALISATION

INPUT “NUMBER QF NODES ";N
INPUT "LENGTH OF DOMAIN ";L

REM INTERVAL BETWEEN NODES

REM CALCULATE THE GRID

X(I) = X(I -~1) + DX

DX =L / (N - 1):
X(1) =0

FOR I = 2 TO N
NEXT I

C3 = 0: REM
RETURN

INITIALISE THE COUNTER C3
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2000 REM SUBROUTINE FOR THE PHYSICAL PROPERTIES
2010 DEF FN A(X) = 2

2020 INPUT "ENTER A ";A

2030 INPUT "ENTER B ";B

2040 1INPUT "ENTER C “;C

2100 REM CALCULATE G1,G2 AND G4
2110Gl = -B/ 2 /DX -A /DX / DX
2120 G2 = B 2 /DX -A /DX /DX
2130 G4 = C 2 %8 /DX J DX

2999 RETURN

3000 REM SUBROUTINE FOR SETTING BOUNDARY CONDITIONS
3010 INPUT "Y(1) ";Y(1)

3020 PRINT "VALUE OF Y AT X=";L;
3030 INPUT Y(N)
3999 RETURN

4000 REM SUBROUTINE FOR CALCULATING THE SOLUTION
4010 REM CALCULATE THE Y'S
4015 D3 = 0: REM SET RESIDUAL TO ZERO
4020 FOR I = 2 TON - 1: REM ONLY TO N-1 NOW!!
4022 G3 = FN A(X(I)): REM G3 RECALCULATED AT EACH NODE
4025 O = Y(I): REM STORE PREVIOUS Y IN O
4030 Y(I) = (Gl * Y(I + 1) + G2 * ¥Y(I - 1) + G3) / G4
4035 D3 = D3 + ABS (0O - Y(I)): REM ACCUMULATE THE CHANGES
4040 NEXT I
4100 C3 = C3 + 1: REM INCREASE COUNTER
4110 REM PRINT OUT TYPICAL VALUE AND THE "RESIDUAL"
4120 PRINT "RESIDUAL IS ";:;D3;" AFTER ";C3;" ITERATIONS"
4130 PRINT “Y("; INT (N / 2);") = ";¥( INT (N / 2))
4200 REM IF NOT CONVERGED GO BACK TO 4015
4210 IF D3 > 1E - 6 THEN GOTO 4015

4300 PRINT "HIT RETURN TO CONTINUE"

4310 INPUT QS: REM APPLE WORKS BETTER WITH “GET Q%"
4999 RETURN

5000 REM SUBROUTINE FOR PRINTING AND PLOTTING RESULTS
5002 PRINT: PRINT "X","Y": PRINT

5010 FOR I =1 TO N

5020 PRINT X(I),Y(I)

5030 NEXT I
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5300
5310
5320
5400

5410

5420

5430

5440
5450 Y

5460

5470
5480
5490
5500

PRINT "HIT RETURN TO CONTINUE"

INPUT Q$: REM APPLE WORKS BETTER WITH "GET QS$"

GOSUB 9100
REM DETERMINE X1

X1 = X(1)

REM DETERMINE X2

X2 = X(N)

REM DETERMINE Y1 AND Y2

1 =Y(1)

Y2 = Y(1)

FOR I =2 TO N

IF Y(I) < Y1 THEN Y1l
IF Y(I) > Y2 THEN Y2
NEXT I

5510 D6 = N
5520 GOSUB 9800

5530
5532
5534
5540
5545
5550
5560
5570
5572
5574
5580
5585

DO
IF
IF
D1
D2
D7

=0
Y1>0 THEN DO=Y1l
Y2<0 THEN DO=Y2
= X1
= X2
= 10

GOSUB 9200

DO
IF
IF
D1
D2

=0
X1>0 THEN DO=X1
X2<0 THEN DO=X2
= Yl
= Y2

5590 GOSUB 9300
5999 RETURN

Y(I)
Y{I)
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9000
9100
9110
9115
9116
9118
9120
9130
9135
9199
9200
9205
9210
9214
9216
9218
9220
9222
9224
9240

9249
9300
9305
9310
9314
9316
9320
9322
9324
9340
9349

9400
9410
9449
9500
9510
9520
9599
9800
9805
9810
2820
9830
9840
9899
9999

REM subroutines for graphics at 9100 etc

CLS:REM clear screen, apple hgr2 does this anyway
SCREEN 2,.,0,0: REM for apple use "“HGR2"

REM for apple use hcolor=3 to give white on black
X8=640:Y8=200:REM X8,Y8 are screen dot-densities
REM for apple x8=280, y8=192

DEF FNX(X)=INT((X-X1)/(X2-X1)*(X8-1)+.5)

DEF FNY (Y)=YB-1-INT((Y-Y1l)/(¥2-Y1)*(Y8-1)+.5)

REM x1,yl lowest values, x2,y2 highest values plotted
RETURN

REM draw an x-axis at y=d0 from x=dl to x=d2

X4=FNX (D1) : Y4=FNY (D0) : X5=FNX (D2)

LINE (X4,Y4)-(X5,Y4) :REM apple HPLOT X4,Y4 TO X5,Y4
REM d7 notches

S8=1

IF Y4<5 THEN S8=-1

FOR I=0 TO D7

X6=X4+1/D7* (X5-X4)

LINE (X6,Y4)-(X6,Y4-4*S8) :REM apple uses hplot
NEXT I

RETURN

REM draw a y-axis at x=d0 from y=dl to y=d2
Y4=FNY (D1) : X4=FNX (DO) : Y5=FNY (D2)

LINE (X4,Y4)-(X4,Y5) :REM apple uses HPLOT
REM d7 notches

s8=1

FOR I=0 TO D7

Y6=Y4+1/D7* (Y5-Y4)
LINE(X4,Y6) - (X4+4*58,Y6) :REM apple uses HPLOT
NEXT I :

RETURN

REM move the cursor

X7=X:¥Y7=Y

RETURN

REM draw a line to new (x,y)

LINE (FNX(X7),FNY (Y7) )~ (FNX(X) ,FNY(Y)) :REM apple uses HPLOT
X7=X:Y7=Y

RETURN

REM join-the-dots routine

REM array plotter for d6 points (x(i),y(i}), i=1 to d6-1

FOR I=1 TO D6-1

LINE (FNX(X(I)) ,FNY(Y(I)))-(FNX(X(I+1)),FNY(Y(I+1)))
NEXT I

X7=X(D6) :Y7=Y (D6)

RETURN

RETURN
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Convergence and Divergence sall g i 28 3

Convergence <21 1.3
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100 § =1

200 INPUT "NUMBER OF TERMS ";N
300 FOR I = 2 TO N

400 s =85 +1 /1

500 NEXT I

600 PRINT S

700 STOP

800 END

(-0 I el pe 2T Y ali o 120)
5 gealial) 138 Jas iy Liad 13

N=10 we get a sum of 2.92896825

N=100 5.18737752
N=1000 7.48547087
N=10000 9.78760597

s
e Jeani O cany 43 (N=1000000 i (sia (O ) )Ly Loy 48T 43 La U yua 13
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Solving Systems of Linear Equations dsxbal) c¥slaall Jsla dalii 4,3
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100
200
300
400
500
600
700
800
850
860
900

(Apple 11 35eal 5l IBM 562y z e sa LS Cauilia)
(Ll o W88 g ad (5 )AT 5 50)

INPUT “Al:";Al

INPUT "Bl:";Bl

INPUT “Cl:";Cl

INPUT "“A2:";A2

INPUT "B2:";B2

INPUT "C2:";C2

REM BEGIN ITERATION 1

REM USE EQUATION 1 FOR X, 2 FOR Y
PRINT "SCHEME 1": PRINT

PRINT "ITERATION";"™ X"; TAB( 25);"y"
FORN =1 TO 10

1000 X = (C1l - Bl * Y) / Al
1100 Y = (C2 - A2 * X) / B2

1200
1300
1350
1400
1500
1520
1540
1550
1600
1700
1800
1200

PRINT N; TAB( 12);X; TAB( 25);Y
NEXT N

PRINT

REM BEGIN ITERATION 2

REM USE EQUATION 1 FOR Y, 2 FOR X
X =0:¥Y = 0: REM RESET X,Y TO ZERO
PRINT "“SCHEME 2"

FOR N =1 TO 10
Y= (Cl - A1l * X) /Bl
X = (C2 - B2 *Y) /A2

PRINT N; TAB( 12):X; TAB( 25):Y
NEXT N

@6@1’.‘)"5“@". e

Al=2
Bl = -1
Cl=-1
g
A2=1
B2 = -1
C2=0
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ITERATION X

=5
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-.875
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6 More Ambitious Applications: the Heat Equation
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V2T = (1/a) (3T/3t) — S[k (6.2)
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left-hand side = (T + 1,8) -2 =T, ) + T — 1, t)/(Dx * Dx)
CSH e Caplall

...=(T(,t+Dt) — T, 1))/(Dt) — S/k (6.4)
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(Apple 11 53¢al 5l IBM 562 7z 2 sa LS adia)
Sl i) e oa Al s3] 7 gl jll cidlasl

2010 REM FNF(X) NOT NEEDED

2020 INPUT "ENTER CELL FOURIER NO :";R
2030 INPUT "ENTER CONDUCTIVITY :";K
2040 INPUT "ENTER HEAT SOURCE :";S

2110 G1 = 1
2120 G2 = 1
2130 G4 =2 +1 /R

4002 GOSUB 5000

4022 G3 = Y(I) / R+ S *DX * DX / K
4120 REM

4130 REM

4200 REM ALWAYS CONVERGES

4210 GOSUB 9800

4220 GOTO 4015

5002 PRINT "TEMPERATURES AT FO = ";C3 * DX * DX /L /L *R

4200 ) 1) dnaall 8l S5 e AN a3 ) Jai gl geelinall Ul a8
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3010 INPUT "ENTER GRADIENT AT X(1) ":G

4002 GOsUB 5000

D(2) + A(2)
B(2) + A(2) * G * DX

4048 D(2)
4050 B(2)

4200 Y(1) Y(2) -G * DX
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8 The THC (Transient Heat Conduction)
Computer Program

8.1 Introduction

In chapters 1-7 we collected together all the components necessary for con-
structing a general-purpose computer program for solving two-dimensional
problems in heat transfer, electromagnetic theory and fluid dynamics. In fact,
the only new idea we need to grapple with is that our dependent variable has
acquired an extra subscript. We shall take advantage of the greater flexibility
introduced by the way we calculate the grid-spacing (chapter 5) and the con-
ductivity (chapter 7). Otherwise the equations are essentially the same as the
ones we met in chapter 2. Above all, the equations remain more or less tri-
diagonal.

The structure of the THC program is exactly as béfore
(Suitable for IBM PC or for the Apple II as listed)

1 REM MAIN PROGRAM SECTION: LINES 1-999
999 STOP

1000 REM SUBROUTINE START FOR INITIALISATION
1999 RETURN

2000 REM SUBROUTINE PHYS FOR THE PHYSICAL PROPERTIES
2999 RETURN

3000 REM SUBROUTINE EDGE FOR SETTING BOUNDARY CONDITIONS
3999 RETURN

4000 REM SUBROUTINE WORK FOR CALCULATING THE SOLUTION
4999 RETURN

5000 REM SUBROUTINE PLOT FOR PRINTING AND PLOTTING RESULTS
5999 RETURN

9000 REM SUBROUTINE DRAW: GRAPHICS AT 9100 ETC.
9999 RETURN
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8.2 The MAIN Control Segment (1-999)

The MAIN segment of the THC program is illustrated in the stylised flowchart
of figure 8.1.
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After calls to the subroutines at 1000 (START), 3000 (EDGE), 2000 (PHYS)
T1 (starting time in seconds — normally set to zero), T2 (time-increment) and
factor T8 for increasing the subsequent time-increments are set. The order of
the routines at 2000 and 3000 is dictated not by the fact that we call themina
particular sequence at the outset but because we shall not normally expect to
revisit the routines at 1000 and 2000 at later times, while that at 3000 (EDGE)
will be required subsequently if we have time-dependent boundary conditions.

AA S ——i —d 12mn 1IN Wa chall cap that
will be required subsequently 1I W NAVe UIME-UCPTHUTILL DUty vsmras

The value of the convergence criterion C2 is set at line 170. We shall see that
the value we have chosen is suitable when we come to try out particular prob-
lems. The variable N7 determines how frequently the convergence of the iterative
procedure is monitored. For time-dependent problems this is best left set at 1.

If T2 is chosen to be very large, so as to give steady-state solutions (a Fourier
number of 20 is quite sufficient to ensure this), N7 is automatically reset to 30.
Likewise the variable E1 is used as a time (in seconds) beyond which the time-
steps should not be allowed to proceed. The setting of 10000 may not be satis-
factory for some purposes — in fact, of course, E1 should be calculated to give
a Fourier number of (say) 100 rather than being set in seconds.

ekt

celiiale Aannys hoturaan linec

We have to provide explicitly for the time-step, which occurs between lines
260 and 410. The newly calculated temperatures have to be stored as “old’
temperatures, so that they can be used in calculating the next lot of new
temperatures. :

When the program has determined that the time-stepping procedure is over, a
test is made for whether the current information has been printed out. If not, the
PLOT routine is called (GOSUB 5000).

We shall work throughout in SI units — normally in metres, kilograms,
seconds etc.

The cast of variables, in order of appearance in MAIN (though not all
necessarily used there), is

A CUULITL HUIIUVL WA |9 J & Nrss asesas
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Variable Line Purpose

A(12), B(12), C(12), D(12) 25 cocfficients for TDMA

K(12,12) 30 thermal conductivity

N(12,12), 0(12,12) 30 new (N) and old (0)
temperatures

P(12,12) 30 used in PLOT

0(12,12) 30 heat source

R(12) 35 r-coordinates

o8 (y-coordinates)

S$(12,12) 35 effective conductivities at
sp

W(l2,12) 35 effective conductivities at
wp

Z2(12) 35 z-coordinates
(y=coordinates)

T1 140 elapsed time in seconds

T2 151 initial time-step Dt
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