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=[C, +§i C,1+[C, +C, +§Ci]
=0 7 7
R =t A O R B 2
____”z” (+1C, (10-1.4)

AU (10-1.3) % (10-1.4) fR[pI A (10-1.2) - [l OFVRT )i 0 I e
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%101 EEZFREHDFEMEILR

N=1 N=2
X L ; \ ;
P+ DL P e Bt i
0.1 0.9168 0.908 0.908 0.9168 0.9168
0.2 0.8347 0.822 0.822 0.8347 0.8347
0.3 0.7545 0.742 0.742 0.7545 0.7545
0.4 0.6773 0.668 0.668 0.6773 0.6773
0.5 0.6042 0.600 0.600 0.6042 0.6042
0.6 0.5360 0.538 0.538 0.5360 0.5360
0.7 0.4738 0.482 0.482 0.4738 0.4738
0.8 0.4187 0.432 0.432 0.4187 0.4187
0.9 0.3715 0.388 0.388 0.3715 0.3715

RN = L JREREE R = 0.6 5 JHEREE R x = 0.5 JIRERN A -

Fi R S 3 Fi FET TR R I (MR [Fﬂﬂ EAT (1) A o fEI- ’ﬂQPJ}[E‘Kl%
FE‘EJ-I’TI[ EJ%% NN RS “@Qﬁﬁ [LJ%?F,J FT fEr T 1] EJ%E[H kB ?%\l?ﬂﬁlﬁ
(CRREA T iﬁlg‘:EJ“'P A I’*E\ﬂ?} aob A AR E‘\TC PR

S g [*HF“’ AAEEN I o PRl 2 7 ’W‘JE'*‘E‘?‘??W@ feke
P g B AR I IR TR 0 R -

$s_5) ESEREENER Lo

B R R P LA R T EVE T B AR B OR[N E
R IR n VIR A R L] 0 BT R T

2723/+%%—d)2y” =0 (10-2.1)
BC1 x=0f - %:o
BC2 x=1f - y=1

Hiy=C/IC, BpE NI EE » x=r/RIEHYF & » oML [ Y Hr (Thiele

modulus) o B AT " AVE I35 (R

1
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n= jo ydx (10-2.2)
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S BRAERE ERE Y (X)
i n =L R Rk (3 AR (10-2.) s (SR 1 F R ES ya (0
=1+a1(1—x2) (8 A (10-2.0) fg;ﬂ@«;@%a;c £,

Ry(a,, X) = L{y, . X}— L{y , X} =—4a, - @[+ a,(1- x?)] (10-2.3)
TR TR 0 0
MWRdv =0:jWR - 27rLdr =;zLjWRdr2
Y E R, (3, , X)W (x)dx? =0 (10-2.4)
1. BEEE
[T FEORR W, 00 =80-x;), J=1 5 4§ x =172 » [0 B (10-24) B
Ry(ay %) =—4a, - @ [L+3a,[=0 » W ZF C [ Hra, - R Ey, () 13
1,0 ()¢
1—2(5)2 + (7)2
a, =—4D° /(16 +3D?) ; y, = (10-2.5)
3 D,
1+°(%)
4°2
1+1(®)
R [ 350 (T - —32— -
D,
1+>(2)
4°2

2. EHRE
[l E1 BB W, (X) = dyy [0a; > YW (x) =0y, /08y =(1—x°) & [* 7 HFE0 (10-2.4)

1 IR L TP 7 t I z AT}
HE] jo Ry (ay , X)(A—x*)dx? =0 » A>3 i (2] 4 L fbira, il 2 — W7 I8y, (0 55

1 @ ()4
1Oy (P
32 2 (10-2.6)

a =-30%/(12+2d?) ; vy, = N
1+5()
3°2
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1+ ()3
32

10-12

“OUAL B



=M= Ee=mEE

. BIE[EE
TR ETFREEERW, (}) =1 Xy <x<x; 5 HPBEIW,; () =0 - £ HA (10-2.4) ©#

1 s P =1y 7 t = z AT}
5] | Ruay, 0dx® =0 » A3 & £ LR Hra, 00~ BT 0TIy, 09 £

1 o, DO,
1—5(?) +(7)

a, =20 /8+D?) ; vy, = (10-2.7)

1 @,
1+ —(—
2(2)

LT = Y P A ’ g . 1
BRI A = Ej}kf@ (RS my T o "
142 ()
22

. BRI
FET W, (0 = X209 =X =1 5 (7 RS (10-2.4) 7] [ Ry(ay )i =0
Y R ra, - BTy, () 13

1,0, , DX,
1—5(5) +(7)

a, =-20%/(8+ D) ; vy, = & (10-2.8)
142 (2
2 2
BRI Flfj"éjjﬁ@ [ETED m ZT(DZ o
1+2(2)
2 2

BRI
R ET R R S B B 0 W () =Ry J0a, o 7Y W(x) = 0R,/ay =

~4-0(1-xX) I EECS VRS (1024) BT [ R, 04~ 07 (1-
X2 =0 » 53 i B By (1 BT RSy, (0 £

1 1 1 d., DX
071+ ?) 1-= () + W+ ()’
a = S — oy 22 2 (10-2.9)
4+ 0% + —0* 1+ ()2 +=()*
12 2 32
12 (024 (D)
R [ 55 (TR iy =222 2
1+ () +2 ()"
2 32
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FELE
fir @ =2 » PR 78 P ATRAS B Y1 10,2 W o T SRRV £ P R
& -

%102 —[EEBEREEMEHERZLLE

X e | R | TR s | gIBRERE | R
0.000 0.439 0.50 0.429 0.400 0.333 0.357
0.200 0.456 0.52 0.451 0.424 0.360 0.383
0.400 0.512 0.58 0.520 0.496 0.440 0.460
0.600 0.611 0.68 0.634 0.616 0.573 0.589
0.800 0.768 0.82 0.794 0.784 0.760 0.769
1.000 1.000 1.00 1.000 1.000 1.000 1.000

I | 0.6978 0.7500 0.7143 0.7000 0.6667 0.6786
A 7.48% 2.36% 0.32% —4.46% -2.75%

C EREEREZYN (X

Hirn =1 B LR RO0R IR RS (10-2.1) 19 N R IR yy =
Bot 3 ady » T gy ELTHELIEST 4R BRSO - g ERI ELIST R S
@ T (homogeneous boundary conditions) fupF(Ee - B A=Y (10-2.1) iy

i
$o=1 , 4=0-x)D | i=12,.. (10-2.10)
P N B DR ™ 2 B9 u=x? p=d?/4
Y () =1+(1- xz)i a x>t
- (10-2.11)

yN(u)=1+(1—u)iaiu“1

1A= (10-2.1) F[JJ‘]EI'SFT;H;F&
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d’y , dy

uS L Y py-o

a? du

BC: #u=1%, y=1 ? I k>0

TIN :J-:)’Ndxz :.[:yNdu

S HAHEEY (10-211) (00 A (10-2.12) 0 ASREZRE > HE]
Ry (@, u)=Lyy ,u}- Ly, u}

- ZN:ai [(i ~)%u? - izui’l]— p{1+ 1- u)ZN:aiui1:|
PO R oL
IHWRdv :O:J-WR-anLdr :ﬂLjWRdrz
0 [[Ru @y W 007 =05 Y u i s

ﬁM@uMMMW=Qi=L&mN

(10-2.12)

(10-2.13)

(10-2.14)

H O (10-2.13) 7 LA (10-2.14) » HSTAG T HIAS TN pOHTIRY

(A+p-Bla=p-C

N 10-2.15
Z(Aji + pBj)a; = pC; ( )
i=1
HIHIPA B 2 C S HINHEEOW, () FUEA]) £ €99 - )T (10-2.15)
HEH RIS
a=(A+p-B)*-p-C (10-2.16)

ISR T R (L0-2.00) ST EIRS RS LT - R )R

O RS 5 (T

N =.[olyNdu J.|:1+(1 U)Zau'l}du 1+ZI(I+1)

(10-2.17)

10-15

“OUAL B



% {8 ifmT 285

1.

10-16

&%
Fi £ B W (u)=8u—u;), j=1,2, N § ¥ 7 HA (10-2.13) W HFAA

(10-2.14) » %]

Ry (2,U;) = Za[(l 1)2u|2 i2 |—1] p{l—i—(l U )zaluj—l}:

3 (o=t i) pla-u o, -

i=1

A (10-2.15) FE o HEHIA B M COTH[IEL
A; —[(I D2ui? - 2u'1‘1]
B =(u; —Duj* (10-2.18)
C; =1

G Qgrnlﬁ'}@ﬁ HiF U =0,uy,, =1 flluj = AN +1) > o[l AN

(10-2.17) - HZ]

%=@—Ngﬁ?”—ﬁm{?“}

B AN )( J - (10-2.19)

BH%
Fi SR W, () = Oy, /08 = g (W) = (- u)ul™ 5 AR (10-2.18)

= (10-2.14) > fE?UI:RN(g,u)(l—u)uj‘ldu=0 » M > HEHIRA L B W

CI IS
S L e YR Ay ey,
8, = [ a-wrur o (i+j—1)(i_+2j)(i+j+1) (10-2.20)
¢ - fa-unra- g
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3. BIEME
P ETF B W, (u) =1, upy <u<u; o B PIBRRTW, () =0 » f F BRI (10-2.14) 5
HE] J.uvj Ry(a,u)du=0 °}i§]/iﬂﬁ?c (10-2.13) &7 5 i) ,&(ggufggﬂiﬁﬁﬁ[é /B
K Coy IS
N G R CYE G P e B R
1 i-1 1 i+1 in] 1[. i
=7 Fa-uutdu=—— ot -t |-l ol (10-2.21)
Ut i+1 i
C, =.|‘u_';du=uj ~Uj,
TR P ST R > R, =0,uy, =1 flJlu; = j/(N +1) -

4. 1BRE
FEET B W, (W) =uU™, j=1,2, N 5 (27 S (10-218) WS (10-
2.14) > HE]

LlRN (a,u)ui?du=0
:E{iz’l:ai [(i —1)2u'2 —izui’l]— p{1+(1—u)g:aiuil}}u Py

53 EHE A, B W CT I

M avgi2 iz ] i (i-1)° 3 i’ i
Ay =[i-nut2 it fu) = D (10-2.22)
:Il(u—l)ui*luj’ldw—. i
0 (i+ =10+ ])

1o 1
C, =J-Ouj du:T
5. &/INERHIE
[T PR B ER TR S5 LR BT W (u)=0Ry /da; » BYW, (u)=(j-1)%u’? -
jPul? —p@-uyul? S A 1A (10-2.14) > ﬁ“}{ﬁjﬁb% = (10-2.13)
I,J“\ RN PN [N | B E A, B> #C e A7 55 Ti = T A
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BB R SR F R
R PO ETh o T SR
LA TS = o+ Dy (BIBHT R Ly u}=0 e

2. (%7 EESYHAE Ly, u}=0 > j\ﬁl'[’ﬁﬁ[;[ﬁﬁui—l FR=L{y, u}-L{y,u};
3. ERWFIPMEIREE - CARMEFEW,

4. R POTEER S R
l -
[W; Ry (@ u)du=0, j=1,2,-,N

S H Nl LR HeT a5 A=
(A+p-Ba=p-C
N

Z(Aji +pBji)a; = pC;

i=1
6. %UE'JE@*]’@H&H’% ifrﬁ HEEF iH/Ll'#T]I} %if{:h F[Hf‘ :\L—ngﬁﬁﬂg .
7. IJ‘[H“FL*HI” TE = Yn =& +Za @ «]-iﬂ fy A “FIJTH[I Ejé;

=1
8. %] P IRYE > FHETROT RS R L i -
| R EE ETREE g [ 10.1 5 FHIR] Excel F‘?FF‘JFQWF'J\? * ’ﬁ‘ﬁ’«"}fﬂ%@" phEs
e F’?ﬁﬁﬁgﬂ ° FIIM] Excel Bt A=Y 10.2 A o %?‘,}“ﬁﬁjﬁzﬁ,}@gﬁﬁ‘%%i%ﬁ’?
B ik o
DE: L{y;u}=0
yBC
Yu =gt i;aiﬁfii
R = L{y,.u }L{y.u}
fieE F(HE EE
pWu)Ry(@ wdu=0 j=1.2:-.:N

l#ﬁ%W(U)
I
(Atp-Bja=p-C - E(Aji"'iji)ai:pCJ
LT
a=(A+p-B)"'-p-C

lﬁﬁ Y

- Z - 101 AEEGRE
Y = g +i§ai¢i STEIEZET

ABI%
TS



=M= Ee=mEE

BRI E
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& (& BRI RER

A B C D E F G H I ] K L
| EEEERE
2 EENE: O 1 2 3 |mEE o 1 2 3
3 |Matric A 7(- 1.0000 - 04375 Matrik B 1| -0.7500] -0.1875] -0.0469
4 20-1.0000 |- 1.0000 |- 02500 2| -05000] -02500| -0.1250
5 3|- 1.0000 |- 20000 |- 20625 3| 025000 -0.1875] -0.1406
s
s Ay = |- 1 et -y
g |WectorC 1 1.0000 N1 [
9 2[ 1.0000 By = (e
10 3 1.0000 C,=1
Ll
12 i 1 Z 3 il 1 2 3
13 |A+pB 1 -1.7500) -01875]  0.38906 (A+pBJ 1| -0.8367] 05813 -0.2562
14 2| -1.5000] 125000 -03750 2| 13005 -19918] 05696
15 3| 125000 21675 22031 3| 07882 16480) -0.8742
16
17 | & =allili+1))
18 |Vecta 11 -05616 -0.2808 a=(A+pB)7pC
19 2| 01218 -0.0203
2 3| -0.0143 -0.0012
21 [T
2 B - 0697716] T =1+i§1i“+‘1)
23
24 |% 39
25 1 C3 = (CP2-12"($B3/($BF2+1))MCF2-2)-CH2 2" ($B3/($BF2+ 1)) CF2-1)
26 2 CIESHE#d C3 AT
27 3 13 = ($H3-$HF2- DASHE2+ 1P SHAHE 2+ 1 1$2- 1)
28 4 120 e 13 AT
29 5 |C13=C3+3
a0 B CIAEIS B8P CI3 R8P T
3l 7 13 K15 = Minverse(C13. E15)  ## H<Ctrl=<Shift=<Enter=
32 8 C18.C20 = MMULTIN 315, C8.C10) #k 48 Fe<Crl==Shift=<Enter=
33 9 E16 = C18B18/(B18+1)
34 10 |E18E20 EBEPE18 2 Repe
35 11 |E22 = 1+SUMIE16:E20)

102 (a) FIF Excel #RBAEEREEREEN - BEIE - RO LMK - #RHE
AUREREER o FIA Excel Bl & Z e 255 » N=3 FTiSHE R EMEHEE - -
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=M= Ee=mEE

5 |8l c | D | E | F | 6 |# 1 JJ] K | L | M| N 0 |p
| |BpEssrE

D mEEE- 5 1 2 3 4 5 mmgs-s5 1 2 3

5 MarixA 171000 ] 0233 ] 0417 ] 0476] 0055] Marixs 1] -0833] -0.139] -0.023] 5.000] 5000
L 9 1.000]-0233 | 0333 | 0407 | 0784 2 -0:667] -0.222] -0.074] -2000] -2.000
5 371,000 |- 1.000 |-0250 | 0.250 | 0438 3 0500] 0.250] 0.125] -1.000] -1.000
6 41000 |- 1667 |- 12333 |-0741 |- 0198 4[~0333] -0.222] 0.148] 0500 -0500
7 5[1.000 |- 2.233 |- 2917 |- 3.008 |- 2797 5[20.167] -0.139] 0.116] -0.200] -0.200
o mEne: 5 R
10 VectorC  1[ 1,000 Aji= ('—ﬁﬁ)' z—lz(ﬁ)' 1}
1l 2 1000 _ _

12 3[1.000 By = (N Ly

13 41,000 N+l N+

14 5[ 1.000 C -

12

16 i 1 2 3 4 5 i 1 2 3 4 5
17 aepe 1] 1833 0194] 03wa] 48] a0as] aspert 1] 2134] 9212] 11505] 5974] 0985
18 5[ 1.667] 0556 0.250] -1593] -1.716 2 -2665] 12.006/-16.601] 6421] 1373
19 3 -1.500] -1.250] -0.375] -0.750] 0563 3| 2265 -0668] 13.044] -6439] 0683
2 4[1.333] 1.889] 1.481] 1241] 0,698 AT A 25| 2821 -1.072] 1465 0932
21 5[ -1.167] -2472] -3.032] -3.209] -2.997 5[ 0275] 0370 2835 3de2| 1774
) | a ~alifi+1)

o1 Vecta 1] 0662 0287 B A

%5 20421 10.020 L= BT

% 3 0015 0.001

77 4 0.001 0.000

2% 5 0001 0.000

29 N o a

30 [EE: 0697517 LS

31|

P |BAHE

1 1 |C3=(CO-17 2 SBIBE 2+ ) {C2-2-Co2 T (SB3IIBS 2+ N CE- )

3| 7 |C3.07 BRul C3 LN

35 3 |K3= (B3 5052- 18052+ 1 BIA G52+ VK 2-1)

%] 4 |K3.07 ERAEK3 AT

7] 5 |C17=C3+K3

1] 6 |C17.001 ABRA Ol AdBT

£ 7 KAT 021 = Minverse(C17.G21)  #h4i<Clrl=<Shift=<Enter=

0] 8 |04 C28=MMULTIK1T 021 C10-C14) Rfidk<Cliib<Shift><Enter

1] 0 |E24=COABMIBI+)

2] 10 |EXMERBauuBEM AiET

23] 11 |F30= 1+SUME4ED)

102 (b) FIF Excel {RBE EREARVEE D] - BLEIER - N=5 FTi5HER -
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B {ERnIEER

S=H HASEEX V4

f~ﬁw’ﬂﬁﬂ“ﬁﬁwﬁﬁﬁﬁﬁﬂ PV 4F MWR IR 2
F > ISR (R R P P O B S D i PP B
FOSE ST

1. AEBECE L (Interior Collocation)

S P37 ) 3 BT R BRI 00 0 5T P 1 e
P DRk

2. EBRECEE (Boundary Collocation)
B H T (U] P B LRSS A o F‘El’@ﬁ‘ﬂﬁ%ﬁ#f%ﬁv C MIREF
[l e
3. BAEE L (Mixed Collocation)
AL USSR S R R
L -
Fiel el iﬁf’ﬁlﬁ" A @ﬁ fy HAE #ﬁéﬁ;@ f f (Eigenvalue Problem) bﬂf%fz’?
w?% SRRl RTINS

L i
il — X TTREE (K HE)

~ TSR L Lo PR T DT, M T, o EATRIT B R

94 vmITi20: 0<x<L (10-3.1)
dx dx

BCl T(0)=T,
BC2 T(L)=T,
Pt PO DR BT R(T) = o + alT =To) » R ERE 5 ) -
PR R R 5
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FIRURE S A i g
d do _
d_é[(1+ ag)d_éj =0; 0<¢<1
6(0)=1
o) =1

(10-3.2)

sfla=all =Ty /Ky ¢ 557 AI=FPHEEL 5 a=1 » B LG I O3 e 0

I HRb
N .
Oy =&+ Ci(EH -9
j=1

FIN=2 HR

_d dé,
R_df[(l+a€N) iz ]
=1+ &E+C (2 -H+Co (8 - H)-(2C, +6C,E) +

1+ C,(28-1) +C,(3&* —1))?

, e Ly s 2 iimmipas kSR e R :
PRIV G =3P G =5 (T RAT - SRR R 0
C, =—0.5992
C, =0.1916

fEHH OFS BT[]
0, =1.4076£ - 0.5992& +0.1916¢£°
RN 5T T I

T =Ty + (T, ~T,)L4076(7) - 0.5992(7)° +0.1916 (1)’

L H
IR M D HRR

[P RS R B R B R

(10-3.3)

(10-3.4)

i
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OI—zfzexp(@); 0<6<1
BCL 6(0)=0
BC2 6(1)=0

i kel Y IR °F oL R B B

Oy =ch(xj+1 —X)
j=1
RPN > N=1> 216, =C,(x* -x) -

R =SX—€;—exp(01) =2C, —exp[ C,(x* — X))

TPREIREE x=05 ¢ 4 R [HRIETE 00 @]

2C, —EXDE—ZCJ:O

FIJR A oo R oL

6, =0.44712x(x -1)

C, =0.44712 - ﬁ'fﬁl £

FIFR 45

(10-3.5)

(10-3.6)

(10-3.7)

SR PN Fe o R R H L TRV ) A o SRR S )
X 0.1 0.2 0.3 0.4 0.5
= ’ffi FE: —-0.0414 -0.0733 —0.0958 -0.1092 -0.1137
6, —0.0402 -0.0715 —-0.0939 -0.1073 -0.1178
EHE% 2.8 2.4 1.99 1.73 1.69

S00E0 IEREEX A

PR P IT IR  (RH T AT A HLR
Y - 1938 FE

BOPHBEHOSEA N o ] o felf B

Z (Lanczos) HEFEFH] 1% %2fiz¢ (Orthogonal Polynomials) %

FLESTE > T T 2 EOAR (R R R R ;;H%Lrﬁ?ﬁb alfﬂi" (Villadsen

and Stewart) pd¥E >
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=M= Ee=mEE

(Orthogonal Collocation Method) -
CO RS A ALY T S (SRR 5 I SR S gy B
S EIFIR] N+L - ,\E”j‘l %jg[:h E URL[EL, fl g’ﬁ El'jf/\Jf—f !;,TETL E'E "‘J:rt;? BLR R

URPEPR IS - = D0 el U4 RURBESS a e S = = 5 [P Al RS
I ORI o R TR R LR %ﬁ#WF%$%1$%°
B BT RS T )i [ 1JFIR] - R 2T PO ORI R R
yN(x)=NZ+2ai P2 (%) (10-4.1)

EINls ﬁﬂ{ﬁlﬂ [h}?iil E| N+2 ([ JLIIE‘FO! s (YD) ”J%YN 157N :tfg F@’?’ N >
LA ﬁ#@ﬁ' 5 4R (BVP ODE) i 34 b i =1 [HKJLFK o >}
é‘z’@f FIET N B ﬁfl BT T RRCETTE g ) s yy 5 N l&zj&fﬁ-ﬁ:ﬂj

IR R

B S PO I i S g

Pa()=D_B; x! (10-4.2)
j=0
S E U R
b
ﬁw@aumﬁnm=o;k=msz,m—1 (10-4.3)

£1l1 o, b) EGH Y {53 4R AT SR R (0,
1) P -

JEHHE (10-4.2) [0 TR (10-4.0) [l FELREH By, SRRSO
A TIFIHEE

N+2

Yo =S dxi (10-4.4)
E% FIFP]A ﬁﬁf‘ﬂi @THP Eﬁ Hll I+f‘ Eﬂ‘x '*fﬁl’ FRVERRETE yy £
y,\,(xj)zNifdi Xit; j=1,2,,N+2 (10-4.5)

X =0, Xy,, =1

L FPRIBY (1 oy [ 80T KB TS (10-4.4) S
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yN( )= Nzﬂd (i-1)xj? (10-4.6)
;jzyN(X) Nfd (-3 -2)x]° (10-4.7)

ﬁﬁ@g,c D 5j HIE%
Qj = Xifl
C; =@-Dxi? (10-4.8)
Dy =(@i-1@i-2)x°
*ﬁﬁﬁ[?/lﬂ:[yn.(xl) Yn (%) - yN(XN)]T’gz[dl d, - dN]T ’EU%?‘E}[?C (10-
4.5),(10-4.6) * (10-4.7) 53 WIessHy b Hilfh [k - #HZ]

y=Qd (10-4.9)
Ly-ca (10-4.10)
dx= =
d 2
PR (10-4.11)
PR (10-4.8) froqr 8 S UL IR Q o € ™ DAFir I LR
FORERTHN T o Ml S (10-4.9) » it IR 30 QLI d 37 b Il Bl oy
gl Xﬁ”ﬁjﬂl 7
d=Q7'y (10-4.12)

Y F R AR (10-4.10) 2 A (10-4.11) (1 TS5 B )

o) ~Cd=CR y=Ay (10-4.13)

d’ ,

dX—zX=2Q=2=_ y=By (10-4.14)
PUECHAEZY (10-4.8) Firsqr > FE - & &I!‘x » HIQy . Cyy ™ Dy B i of

o iy -2 A [[A_CQ—l E:DQ_lgjﬁz 1 F]E D (R e PP
ST PO e D R > RS R R R y R e
[P FURTT T PO A — AR (RRL AR - I A B B PR LB RAERERE -
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=M= Ee=mEE

ﬂ“%ﬁﬁﬁﬁ@’wwhﬁv@%““ﬁ%ﬁ&@ywﬁﬁﬁﬁ‘* i@y~ A28
5 AR e R ARl BT SR R R R e
I R T PRl LA SR BT SRR
L AE %r‘*l:hpjsﬁi’ HE- 2 IE"Bl!‘x ;
b A 1040 I, AR L D

3. B REGTRISH -y =AY+ 91fl1 A=CQ”

. d?
4, >1$jp»'f%’rnﬁé['5~‘£ﬁﬁﬁflm(—dzg HiiB=

||U

FIPIE PRy ™y, Va2 ( &¢%ﬁ SV ATHIRERIR ) 5
AR TR TEI E  RUREDT PR S Ry PR A
FIRI =2 o o I%%ﬁ BT SRRy SR
FIEIBT IR B4 R ey -

© ~N o wu

@J;FE g FIREBLIMEAEEMYAER

d’y dy.,
(1+y)dx—2+(& =
BCL y(0)=0
BC2 y()=1
B RIPHE B 5 PR RCE TR P T N =1 > FIIN + 2 W il EFJ HIES %, =
0,%, =1/2 % x; =1 = FUEHFIZ (10-4.8) HQ , C ¥ DI

100
i-1 . 11
Qji =X; ; 2:152
111
010

H i-2 .
012
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Dji:(i_l)(i_z)xij_s ; D=

o O O
o O O
N N DN

SEI QU™ SN Q™ [ I ISR E 1 9 4

1 0 O
Q'=(-3 4 -1
B 2 -4 2

PRI 5 SRR 5T A BBk

-3 4 -1
A=CQ'=|-1 0 0
T |1 -4 3

(4 -8 4
B=DQ'=|4 -8 4
T |4 -8 4

NG ORI e R
N+2 N+2

@+y)D By + (D A2 =0; j=1,2,,N+2
i=1 i=1

S Y, =0, Yy = Ya =1 0 BTy, 3510 I UGN =12 j=20fhi - f

A
A+y,)(4y, -8y, +4y,)+(-y, + y3)2 =0

APy 87 0 B A+y,)(4-8y,)+1=0 » [lIZy, >0 > NI F I HE ]y, =
0.57916 -

Jf:”FIJ = %[“ijﬁ; » 7§ IFEH:[ }Eﬁ %ﬁ'ﬂ‘ [J y l;ﬂj j[r = Igjlﬂ-%[lﬁ” y ];E:[ , [”
7nw¢ﬁ% ﬁmﬁwu%@#$v $%Ty'ﬁ%uﬁ pmw¢gnﬂﬁm
i 52 uﬁ S 77 (Gauss Quadrature) <] [/ o

ShEl EREERETIRERIE 4
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=M= Ee=mEE

B S O T )15 81 4 O R
[+ IS PR
- Iqu%%} T HFEEEL (]

2
u+3dy +2y = 4x (10-5.1)
dx? dx
¥ ﬁ—’ﬁ‘fg’ﬁjﬁﬂ,
y=Ce > +C,e*+2x-3 (10-5.2)
HJP) b= A RIFOE G R (10-6.0) i) S

N+2 N+2
(ZBjiyi)Jrs(ZAjiyi}rzyj =4x;; j=1,2,-- N+1 (10-5.3)

i=1 i=1

R Yo 2 Y PEEIH AR R SR

N+1
Z(Bji +3A; +20;)Y; =4%; =BV —3A;Y1 — B na2Yne2 —3A) na2Yne2
i—2
(10-5.4)
E1 6, k% Kronecker Delta » #:55 £}
1 ; i=j
Jji ={ . J- (10-5.5)
0 ; i#]

T (10-5.4) 1oy oy, ﬂjﬂ'ﬁl PR HRED o I ST A ET
(Rl s P 1R 0 FR e
1 BFEHE (1-1)
[ 38 P R RS9 G 3~ 0 (Dirichlet) 385 i -
BC1 y(0)=0: x=0
BC2 y(Mm)=1: x=1 (10-5.6)
TRy, =0, Yy, =10 (7 HAEEY (10-5.4) HE]

N+1

Z(Bji +3A;i +255)Yi =4%; = Bj ni2 —3A N2
i—2
51 TR PR
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(B+3A+21)y="f

A W T
My=f (10-5.7)
il

fi =4% —Bi .2 —3A N2
A (10-57) [VFe RARERRT A AR R AR R
2. BRGEME (1-1)
FURTR R P K W Y IR > 0 x =100 LV 3B Y IR 2 57 R Bl %
i

BCl y(0)=0; x=0
(10-5.8)

TS
E\’;’J‘j‘}#

BC2 iy(1)=0 ; x=1
dx

Ty A B

|-

+
y1=0

N+2
ZAN+2,iyi =0
i-1
EHJA?CT}L?@ yN+2 kr'*;'
1 N+1
—ZAN+2,iyi

Yn+2 :_A
N+2,N+2 i2

O 7EZC (10-5.4)  HZ]
N+1 AN+2 i
Z[ Bji +3A; +28; ————(B; n,2 +3A ni2)lYi =4X

i=2 N+2,N+2
j=2,3, N+1
F iy
My=f (10-5.9)
i
10-30
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=M= Ee=mEE

M. ZB, +3A +25 — N2 (g 3
j =By +3A; +26; ————(B; .2 +3A ni2)

N+2, N+2
f; =4
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3. BRMEME (1-111)
RN Y (5 FF B 8~ BB IRFF > 7 x=1 00 3 Bl IR BB 53 = ST P 1
f
BCl y(0)=0; x=0

- gy” .. (10-5.10)
BC2 i 7| R I 27 13

N+2
ZAN+2,iyi +Ynia2 =0

-1

WL - SF|MBCL(y, =0) « 1 HE
N+1

Yne2 = AniziYi

14 Ava ez AN+2 N+2 2

o Y (10-5.4) HE]
N+ Ay.y (B n.p+3A.
Z[ Bji+3Aji+2§ji_ N+2,|( j.N+2 j,N+2)
1+ Auia nso

i=2

51 I A 1
My=f (10-5.11)

1y, =4x;

Eh
Aviz,i(Bj ni2 73A) i2)
1+ AN+2,N+2

f; =4x

4. BFEHE (1-1)
FL%!JEJ P EEE R OT RIE Y IR FF o T x =1 R0 LR R R T R B K

BC1 ﬂzO ; x=0

BC2 y=1; x=1 (10-5.12)
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=M= Ee=mEE

I Fah > HE]

N+1

1
yl:__(Ai,N+2+zA1iyi) Ynso =1
1 i=2
W
My=1 (10-5.13)
: (By +3A
MU:Bu+wﬁ+2§”_éﬂ_%rlﬁz
B, +3A,
fi=4% =B v.2 =3A N2 + A, B 1)
Ay
5. BREME (11-1)
o (EEEE P 5 1 350 6 T R B 1
Bct M _g: -0
dx
B2 Yoo xo1 (10-5.14)

dx

(1] Rl Wy %y, 27 S

y _%[ AN+2,N+2A1i _Al,N+2AN+2,i ]y
| = .
i=2 AN+2,1A1,N+2 _AliAN+2,N+2 I

& A.I.A+ '_A+ A.I.
yN+ZZZ[A 17IN+2,i0 N+2,171i

y;

i=2 N+2,1A1,N+2_A11AN+2,N+2

PR 2 R ke 2T MO R M R 2 b

N+1
Yi= Z MPy,
i—2
N+1
Yni2 = z MMy,
i—2
[0 HAE (10-5.4) HE]
My=f (10-5.15)

Mj; = B; +3A; + 25 +(Bi1+3A11)MJ('1) +(Bi na2 +3Ai,N+2)MJ(N+2)
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6.

7.

10-34
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EFAEE (11-111)
RURFIRT S B (56 FF EB 53 R Y IR FF > v x =1 AL e B 15 PR BB O3 = R Y I

BC1 ﬂ:o ;7 x=0
dx

BC2 %+ y=0; x=1 (10-5.16)
X

BC1 ¥ BC2 7; ]H[J e ﬁé[tﬂﬁﬁlﬁi’%’

N+2

ZAiiyi =0

v

ZAN+2,iyi +Yniz =0

i1
AuYr+ A N2 Y2 :_Z AyYi
i—2

N+1

Aniz,1Y1 + (Aniz nee FDYnse2 2_2 Aniz,iYi
i-2

) A Ty, v,

N+1[ A:I. N+2 N+2 i A:I.j AleN+2,N+2 ] yi ENzﬂMi(l)yi

Y. =
A+ AuAve ne2 = A N2 AN
o AN+2,1A1' - AllAN+2,' o +
yN+2=Z[ : I ]yiEZMi(N 2y
= At AnAL N2 — A N2 AN2 i—2

R RS S (10-5.4) HE]

My=f (10-5.17)
il

My = (Bjj +3A; +25;) + (Byy +3A;)M )+ (Bi ni2 +3A N2)M (N+2)
EREME (- 110)

[ (R P R PP RS R 5T = IR 1R



=M= Ee=mEE
BC1 k1%+hly=§1 ; x=0

BC2 —kzgx+h2y=§5: x=1 (10-5.18)
X

N+2

TR BRI A+ 105 0) =3 Apylx) » [ BB ooy

N+2

klz Apyi +hy =&
i1

N+2

_kZZAN+2,iyi +h YN =6

i=1

BRIy, 3y TR AR T A

N+1

(kA + )y + (KA NG2)Ynee = (& - klz AiYi)
i-1
N+1
(Ko Aniz,1)Y1 + (FKa A2 vz +D2) Ve = (S5 + kzz Aniz,iYi)
i=2
I 4 R By, Y, ) G
Y1 =((K28 Ansa nsz 128 —KiS AL o2)
N+1
- Z(_klkZAN+2, N2 A K Ay KK A oA YT A
i—2

Ynez = (K G AL + iy + K5 AL, 1)

N+1

- Z(_klsznAmz,i —K Ay KK Ay 1A YTA
i—2
A=Kk A Ania nia TR A =Ko Ay o iy KK A AN
1) FHE R TR

N+1

Y1 EZMi(l)yi ta
i—2
N+1

Yne2 = Z M2y 1+ g
i—2
B GRR (106.4) o T E]
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My=f (10-5.19)
Eh
My = (By +3A; +25;) +(By +3AIM P +(B, ,, +3A )M {2
fi=4% —(By +3A)a— (B y., +3A y.2)B
1) i s 8 Y oY s oy—axni R Bt

S T A TSR (e

S5/ B0 HEOINWDIAT\ER{ERRE V4

LRI R T8 S22t (R e > AP 1T SR ORI > e
Pl Ik froRE A A ﬁJ Bl 207 ‘cpﬁ;z@@m 27f=" (Legendre Polynomial) * %
gﬁﬂ?;r {F (V7R 22020 (Jacobi Polynomial) =7 e I'J ™™ SfEFFER" & 2IF120 I\J’:[ij‘[‘ﬁbi/[l
(AR ER IR A (ERTRIS -

L BAMSEROELE
F“’P4i~%ﬂﬂW}¢%$#’ﬂﬂﬁﬁ%%

Lxﬂ(1—x)“Pj(x)PN(x)dx=o; j=0,1,2,--,N-1 (10-6.1)
B e Y
N
PP ()= ()N X i=1,2,---,N (10-6.2)
N-—i+l N+i+a+p
.= . f y =1
Vi i ot Via Yo

PP 4 S PRI G AR

2. WA ZIERNHNBERIERRE
J‘)%%t%ﬁ'ﬁfﬁﬂ%?“ (Rodrigues’ Formula) = » P& 2RV T HEy

) r(p+1) d"

P (1-x)*xF =
VR (N +4+1) dxM

[@—x)" XN (10-6.3)
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P00 =Y (D"
i=0

_cN I'(N+i+a+p+0)I'(8+1)

Tim I'(N+a+p+)I(i+p+1)

3. MAIMSEANBEFAELANRTEA

it 4 17

Py =[x-gy(N,a,Blpys —hy(N,a,Bpy2;

0=

h =0

B
a+pf+2

LAY fFF’] 5 RN =4 (Recurrence formula) £

=M= Ee=mEE

2 :(a+ﬂ+2)2(a+ﬂ+3)

(N-D(N+a-D(N+B8-D(N+a+ -1

P, =0 (10-6.4)
R FlLﬁF 1R
C2N+a+p-1)° -1
af+a+ [f+1

N = 5 , N>2
2N+a+f-D2N+a+-2)°2N +a+ £-3)
4. FREHER]MHZIEN
ﬁ'J SLASFER! M4 % IE [ R

a B N=0 N=1 N=2 N=3

0 0 1 2x -1 6x% —6x +1 20x3 —30x% +12x -1
1 0 1 3x-1 10x% —8x +1 35x° —45%2 +15x -1
2 0 1 4x-1 15x2 —10x +1 56x° —63x2 +18x -1
0 1 1 351 252 syt 315+ By

2 6 2

1 1 1 2x-1 6x% —6x+1 14x3 - 21x® +9x -1
2 1 1 gx—l %x2—7x+1 21x3—28x2+%x—1

|~ :
WA ASS IE T o 5 &

o P9 (0.98) pufif -
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gy =1/2
_1\2
L= (N=D N>2
4(2N —-1)(2N -3)
|
0.0 _ FEN+1) 200 oo
(N +1)0(N +1) 10!10!
PO ?(0.98)  =-0.2552433289 (i)
= -0.2552433288 ( PRRCEEFRAHR )
=-0.255252 ( ZFF RGN )

5 MALZIANERAERS
EHF%FJ MG F PR RER BT 20 (Recurrence formula) py =[x—gN(N a, Pl
~hy (N @, APy Po =0 5 FIFIF TR R FER 4 i OfL { ol T i
Eﬁ : [Eﬁ%“ AEHE Xy, X UK R > R aTk +1[[4FJ7£E37 NI ﬂ,qﬁ”‘jjﬁ[
HrGy. k_pN(x)/H (x—x) > ;[fjul;p U X, Xy o, X, T2 e i R
e B FIR S Ok A SRR Gy o AR PO

X1, = Xieat, i1 — O(X) (10-6.5)
i
/ !/
5(X)— (1) — pN kpN
GN k 1—p7Nz 1
PN T XX
0<X1<X2< ...... <Ky <o <1

Pn =[X=gnIPna — Py Prez + Py
BT 9] X 0 FOPE S x OBET Mo =%, 4o 5 F 1 e ¥ U] 0
[ Wlo te F‘ A IAF PR AT (3] PO AAFET > KR ET x
kil FIEH FR %HE'JiF;;*E'*J?? Pt EIUFE'J*E?W[” Fr e
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AlphaPlusBeta = Alpha + Beta

AlphaMinusBeta = Beta - Alpha

AlphaBeta = Beta * Alpha

Diff1 (1) = (AlphaMinusBeta / (AlphaPlusBeta + 2) + 1) / 2
Diff2 (1) =0

‘Calculate G (I) & H (I)
If N >=2 Then
Forl=2ToN
IM1=1-1
Z = AlphaPlusBeta + 2 * IM1
Diff1 (1) = (AlphaPlusBeta * AlphaMinusBeta /Z / (Z +2) + 1)/ 2

If1=2 Then

Diff2 (I) = (AlphaPlusBeta + AlphaBeta + IM1) / Z/ Z | (Z + 1)
Else

Z=7%7

Y = IM1 * (AlphaPlusBeta + IM1)
Y =Y * (AlphaBeta + Y)
Diff2()=YI1Z/(Z-1)
End If
Next |
End If

" Newton's Method to find ROOT
X=0
Forl=1ToN
Do
XD=0
XN=1
XE=0
XM=0
ForJ=1ToN
XP = (Diffl (J) - X) * XN - Diff2 (J) * XD
XQ = (Diff1 (J) - X) * XM - Diff2 (J) * XE - XN

XD = XN
XE = XM
XN = XP
XM = XQ

Next J

C=1

Z=XN/XM

If I >1Then
ForJ=2Tol

ZC=ZC-ZI(X-Root(J-1))

Next J

End If

Z=712C

10-39

“OUAL B



B fE BRI RER

X=X-Z
Loop While (Abs (Z) > 0.000000001)
Root (1) = X
X =X+0.0001
Next |

‘To include ROOT at x= 0 and x=1
If (N1 =1) Then
Forl=1ToN
J=N+1-]
Root (J + 1) = Root (J)
Next |
Root (1) =0
End If
If (N2 = 1) Then Root (ND) =1

* Print ROOTSs for the Polynomial

Print
Print "* COLLOCATION POINTS:"
Print
Forl=1ToND
Print Format (Root (1), " 0.000000E+00 ")
Next |
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BRAE] 8] [0 99 B 0T 2 ST NeL (L X,

J=1,2, N +1 0 AR STt b

P () =] [(x-x) (10-6.6)
BE AR

Po(x) =1

D) =(X=X)Ps () ; §=1,2,-+,N+1 (10-6.7)
AT T ]

Pi(X)=(X=x;)Pj(X)+ P (X) (10-6.8)

P () =(x=X;)Ppj_1(X) +2pj_(X) (10-6.9)

Pi(x)=(x=x;)pi4(x)+3pj_1(X) (10-6.10)




HIES pg () = pg(x) = pg(x) =0
LB OB - s R

g=s mEmREs
PRI FE AR T ELRES T R

PRI

‘ Prepare Derivatives of the Polynomial
Forl=1ToND
X =Root (1)
Diff1 (1) =
Diff2 (1) =
Diff3 (I) =
ForJ=1ToND
If J<>1Then
Y = X - Root (J)
Diff3 (1) = Y * Diff3 (I) +
Diff2 (1) = Y * Diff2 (I) +
Diff1 (1) = Y * Diff1 (I)
End If
Next J
Next |

3* Diff2 (1)
2 * DiffL (1)

. FERZ
Y 7[: _?'I By =

S e
yn (0 F IR AS B e 1

ki

N+1

Yy (X) = z y(%) 2 (X)

Iﬁ‘téﬁi?ﬂ%%—rﬁq?ﬁ&

14 552 P i=1,2,

() N1 g

]ﬁiﬁk (Lagrangian Interpolation) 5%

p(X)

N P —
0= P

(10-6.11)

R A S prt jﬁgi VA=Y B e

POL=1

Forl=1ToND
YVA = X1 - Root (1)
XP()=0
IfYVA=0Then XP (1) =1
POL = POL * YVA

Next |

If POL <> 0 Then
Forl=1ToND

XP (1) = POL / Diff1 (1) / (X1 -

Next |

End If

Root (1))
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8. MR SRR HE(FRRME

T[«L?%kﬁﬁ‘%l P jﬁiﬁﬁ ' (10-6.11) » kST o FUTTHE] y(x) Y- SR VR

oy HIES

N+1

(X) Zﬁ’(x )y(x) = ZAJ.V(X)

N+1

Y (x,)= ZMx )Y(x;) = ZB,.y(x )

1 pN+1(X)
2 N+1( )

7003 pNﬂEX; @x=x

1 pKH-l(Xj)

(%)= @ x =X

(’i(xj)z . @x=X; #X

(X; =%) Pnaa(X)
1

LX) =200 (X) ————=] @x=X; #X

(X; = %)

(10-6.12)

(10-6.13)

FpFER S pE e pe () T AT AEEE (10-6.8) ~ (10-6.9) M (10-

6.10) s o F|F Ak AR ORI -

Sub DefMatrix (ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)
DERIVATIVE OPERATION MATRICES
Forl=1ToND
D=1
Call OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
ForJ=1ToND
A(l,J)=Vect(J)
Next J
ID=2
Call OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
ForJ=1ToND
B (I, J) = Vect (J)
Next J
Next |
End Sub
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Sub OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)

"--ENTRY POINT
ForJ=1ToND
If J = Index Then
IfID=1Then
Vect (J) = Diff2 (Index) / Diff1 (Index) / 2
Else
Vect (J) = Diff3 (Index) / Diff1 (Index) / 3
End If
Else
Y = Root (Index) - Root (J)
Vect (J) = Diffl (Index) / Diff1 (J) /'Y
If ID =2 Then Vect (J) = Vect (J) * (Diff2 (Index) / Diff1 (Index) - 2/ Y)
End If
Next J
End Sub

9. MAIMSENRSHAERED

TR T IERP A ?[ oY+ AT ,%’%J[LV EJJZL’??‘;E? JTE e

|Eﬁm@wmm=§@m (10-6.14)

Fl e [T e, o ATFRT R T AN o IR S e
W (x) = x” (1— x)“ (10-6.15)

()" @-x)*"
. =

2N + o+ g+1C{”
[Pheges (06T ( priey (10-6.16)

i=[0],1,2,---, N v[N +1]
¥ x=0 BT EER - Hl G =1
F x=1EA PR [ & =1

F\I EIU & =0-

F\I W&, =0

10. EEREAFBER?
s AT > SRR P (Radau and Lobatto) %j}i}ﬂjﬂﬁﬁfj@@
BRSE R 3 4 e R e
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0.1 (N +a+p+2)cEth |1 . i=N+1
| | X, [phs () s i=N+1
@py |1 L
[0,1) wi=(2N+a+’B,+2)CN2 Sivy i=0
A=x)Pna (X)] 1 i 20
L -
(a+1, p+1) +
[0.1] wi=(2N+?+,ﬂ+(3))(]:zN 41 i#0,N+1
p + Xi
" 1 i=N+1
1+«
(10-6.17)
HEY- o B2 A L ES R TR R o BV P SRR ] BT R -

X It )RR BVAZ TV AR 2 L

P FRAATRY /g 2 PR B R L e A5 A T R

1. R EfEZ
© [IBE R IRy, By, IR A (U T Ay ) -
® F[R|EI HIEHIH AW B o N iEoT ARy

SOHN MR i

2. BEXAE
® HULMDRIEN 1 (R 4~ 10 RIATE ST g A ) -
) J\L[Eﬁ' [JL—‘T\“&gp& ;fg
® BEAAIGIIL L PO UELX L j=1,2, N > [EE[E R
& ERIHACTIMI P AME -
® MM TN A kclrﬁjwﬂ’%’“ﬂ I o
® FH fé. S R SR A My = £ SRR Ry -
® FURIT AT g Hy x R y 1 -
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RSB PR A~ ) H@TIEH %% S - IR e

2
%+igi—®2y=0 (10-7.1)

BC1 x=0f - %:o

BC2 x:lEﬁ’ y=1
Hilry=C/C, i [ﬂméﬁﬁf P X=TIRIBENE 0 ORI T
= ralkal L_ﬁ\pl Ff i@ = 4% HE G = PR F: LR 55T ﬁ[g‘ry(x) ¥, 1

PR U E W@[ glv

77=f0ydx2

[T BCL i H R 53 7 5 x = 0 578 o [N TR A AR RS &= x? o IR

‘IAJ E=x* o HIRLESSS I Y
d’y dy _o@°

A& dE 4

BCL =0 » y=7) [

BC2 &=1fF - y=1

FI2 553 B A B > K

¢ (10-7.2)

N+1

®? :
Z(leij + Ay _T5ij)yj =0; i=1,2,3,---,N

Yna =1

TOP-DOWN 33

° E'J*E?“ Jacobi, DefMatrix, RadauLabotto » LagrangianInterpolation EJ?E“EI??%F[FJ ﬁ%
£l éf*%eﬁgﬁz 155 VS
® {ilfEs* GAUSS i b1 4 517 gt -
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® BRI R RO R A R A F IR AT - BV Y
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nnnnnnnnnnnnnnnnnnn

" SOLUTION OF LINEAR B.V.P.-O.D.E.
'BY ORTHOGONAL COLLOCATION

nnnnnnnnnnnnnnnnnnn

" Program Developed by Dr. Ron Hsin Chang
" Copyright 1986, 2001

" Example 10-6

Sub OrthogonalCollocationBVPODE (Xpos, Ypos)

Dim AC (50, 50) , Z (50) , Coef (50) , XP (50) As Double
Dim Diff1 (50) , Diff2 (50) , Diff3 (50) , Root (50) As Double
Dim A (50, 50) , B (50, 50) , W (50) As Double

Dim Vect (50) As Double

-- Enter Basic Data for Collocation Method

Call CollocationBasicData (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints, Diff1, Diff2,
Diff3, Root, Vect, A, B, W)

' ==DEFINE THE PROBLEM

Cls
THM = Val (InputBox ("> THIELE MODULUS = ?", "THIELE MODULUS", THM, Xpos, Ypos))
For 1 =1 To NoColloPoints
For J =1 To NoColloPoints
AC (I, ) =4*(Root (I *B (I, J) + (GeoFact+ 1)/ 2*A (1, J))
Next J
AC (I,1)=AC(I,1) - THM * THM
Z()=0
Next |
For J =1 To NoColloPoints
AC (NoColloPoints, J) = 0
Next J

AC (NoColloPoints, NoColloPoints) = 1
Z (NoColloPoints) = 1

NEQN% = NoColloPoints

" ELIMINATION to find the Solution

Call Gauss (NEQN%, AC, Z, Coef, Flag)
" Print Out the Results

Print
Print "** SOLUTION "
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Print

For1=1To NEQN%
Print Format (Coef (1) ,"  0.000000E+00") ;
If (Int (1/5) - 1/5) =0 Then Print

Next |

Print

"==INTERPOLATION AT FIXED POINTS

Print
Print
Print "** SOLUTION AT FIXED GRIDPOINTS"
Print
ForiT=1To11
X=(IT-1)/10
X1=X*X
Call Lagrangianinterpolation (NoColloPoints, Root, X1, XP, Diff1)
YVA=0
For J =1 To NoColloPoints
YVA = YVA + XP (J) * Coef (J)
Next J
Print Format (X, "0.00E+00 ;
Print Format (YVA,"  0.000000E+00")
Next IT

" Calculate the Effectiveness Factor

EFF=0
For 1 =1 To NoColloPoints

EFF = EFF + W (1) * Coef (1)
Next |
Print ">>> EFFECTIVENESS FACTOR =";
Print Format (EFF, " 0.00000000E+00")
Print
Print " =END —======="
End Sub

Sub CollocationBasicData (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints, Diffl,
Diff2, Diff3, Root, Vect, A, B, W)

Basic Data for Collocation Method

' GeoFactS = 0-planar; 1-cylinder; 2-sphere"

" Alpha =1

' Beta = (GeoFact - 1) /2

"N = Number of Interior Collocation Points

" N1 = 1ifx=0is a collocation point, otherwise N1=0

" N2 = 1ifx=1is a collocation point, otherwise N2=0

" NoColloPoints = Total number of collocation points, = N + N1 + N2
' Diffl = First order derivative vector

" Diff2 = Second order derivative vector

' Diff3 = Third order derivative vector
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" Root = Root of Jacobi Polynomial, Collocation Points
" Vect = Operation vector

A = First order derivative matrix

" B = Second order derivative matrix

W = Radau Lobatto quadrature weights

Cls
Call GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints)

'==CALL JACOBI to find collocation points

Call Jacobi (Alpha, Beta, NoColloPoints, N, N1, N2, Diff1, Diff2, Diff3, Root)
MsgBox ("Ready to Continue")

' ==CALL DEFMAT to define operation matrix

Cls
Call DefMatrix (ID, NoColloPoints, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)
MsgBox ("Ready to Continue")

"==RADAU AND LOBATTO QUADRATURE

Call RadauLobatto (Xpos, Ypos, N1, N2, NoColloPoints, Root, Diff1, Vect, W, Alpha, Beta)
MsgBox ("Ready to Continue")
End Sub

Sub GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, ND)

** DEFINE THE JACOBI POLYNOMIAL "

" Generally, ALPHA=1, BETA= (S-1) /2"

' GeoFact S = 0-planar; 1-cylinder; 2-sphere"
Print "* GEOMETRIC FACTOR **"

Print" S = 0 for Planar"

Print" S = 1 for Cylinder"

Print" S = 2 for Sphere"

Print

GeoFact = Val (InputBox (* S =", "Geometric Factor", GeoFact, Xpos, Ypos) )
Print "Geometric Factor S = "; GeoFact

Alpha = Val (InputBox ("  Alpha =", "Alpha", 1, Xpos, Ypos) )
Print "Alpha = "; Alpha

Beta = Val (InputBox (" Beta =", "BETA", (GeoFact - 1) / 2, Xpos, Ypos))
Print "Beta = "; Beta

N = Val (InputBox (">> NUMBER OF COLLOCATION POINTS:", "Collocation Points", N, Xpos,

Ypos) )
Print "Number of Collocation Points N ="; N

Print
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Print"  BOUNDARY COLLOCATION POINT (S) :"
Print"  0=not a collocation point"
Print"  1=is a collocation point"

N1 = Val (InputBox ("Collocation at X=0 (0/1) ? ", "Collocation @ X=0", N1, Xpos, Ypos) )
Print"N1 =", N1

N2 = Val (InputBox ("Collocation at X=1 (0/1) ? ", "Collocation @ X=1", N2, Xpos, Ypos) )
Print "N2 =", N2

ND =N+ N1+ N2
End Sub

Sub Radaulobatto (Xpos, Ypos, N1, N2, NoColloPoints, Root, Diffl, Vect, W, AlphaP, BetaP)
'==RADAU AND LOBATTO QUADRATURE

Cls
Print
Print ">> RADAU & LOBATTO QUADRATURE"
Print "ID=1 Radau quad. weights including x=1"
Print "ID=2 Radau quad. weights including x=0"
Print "ID=3 Lobatto quad wieghts including both"
Print "WEIGHT FUNCTION W (X) = (1-X) "APLHA*X"BETA"
Print
[f N1*N2=1Then

ID=3

Alpha = AlphaP - 1

Beta = BetaP - 1
Elself N1 = 1 Then

ID=2

Alpha = AlphaP

Beta = BetaP - 1
Else

D=1

Alpha = AlphaP - 1

Beta = BetaP
End If
Print"ID="; 1D

Alpha = Val (InputBox ("  Alpha =", "Alpha", Alpha, Xpos, Ypos))
Print "Alpha = "; Alpha

Beta = Val (InputBox (" Beta =", "BETA", Beta, Xpos, Ypos) )
Print "Beta = "; Beta
Print

Call RadauQuadratureWeights (ID, NoColloPoints, Root, N1, N2, Diff1, Vect, Alpha, Beta)
Print "** VECTOR W:"
Print
For | = 1 To NoColloPoints
W (1) = Vect (1)
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Print Format (W (I), " 0.0000E+00") ;
Next |
End Sub

Sub Jacobi (Alpha, Beta, ND, N, N1, N2, Diff1, Diff2, Diff3, Root)

AlphaPlusBeta = Alpha + Beta
AlphaMinusBeta = Beta - Alpha
AlphaBeta = Beta * Alpha

DiffL (1)
Diff2 (1)

= (AlphaMinusBeta / (AlphaPlusBeta + 2) + 1) / 2
=0
If N >=2 Then
Forl=2ToN
IM1=1-1
Z = AlphaPlusBeta + 2 * IM1
Diff1 (I) = (AlphaPlusBeta * AlphaMinusBeta/Z / (Z +2)+ 1) /2
If1=2 Then
Diff2 (I) = (AlphaPlusBeta + AlphaBeta + IM1) / Z/ Z | (Z + 1)
Else
1=7%7
Y = IM1 * (AlphaPlusBeta + IM1)
Y =Y * (AlphaBeta + Y)
Diff2(N)=Y1Z1(Z-1)
End If
Next |
End If

X=0
Forl=1ToN
Do

XD=0

XN=1

XE=0

XM=0

ForJ=1ToN
XP = (Diffl (J) - X) * XN - Diff2 (J) * XD
XQ = (Diffl (J) - X) * XM - Diff2 (J) * XE - XN
XD = XN
XE = XM
XN =XP
XM = XQ

Next J

C=1

Z=XN/XM

IfI>1Then
ForJ=2Tol

ZC=ZC-Z/(X-Root(J-1))

Next J
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End If
Z=712C
X=X-Z
Loop While (Abs (Z) > 0.000000001)

If (N1 =1) Then
ForlI=1ToN
J=N+1-1
Root (J + 1) = Root (J)
Next |
Root (1) =0
End If
If (N2 = 1) Then Root (ND) =1

Print
Print "** COLLOCATION POINTS:"
Print
Forl=1ToND
Print Format (Root (1) ,"  0.000000E+00 ")
Next |

Forl=1ToND
X =Root (1)
DiffL () =1
Diff2 (1) =0
Diff3 (1) =0
ForJ=1ToND
If J<>1Then
Y = X - Root (J)
Diff3 (1) = Y * Diff3 (I) + 3 * Diff2 (1)
Diff2 (1) = Y * Diff2 (1) + 2 * Diff1 (1)
Diff1 (1) = Y * Diff (I)
End If
Next J
Next |
End Sub

Sub DefMatrix (ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)

ForI=1ToND

D=1

Call OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
ForJ=1ToND

A(l,J) = Vect (J)

Next J

ID=2

Call OpMatrix (1, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
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ForJ=1ToND
B (I, J) = Vect (J)
Next J
Next |

Print
Print "** MATRIX A:"
Print
Forl=1ToND
ForJ=1ToND
Print Format (A (I, J)," 0.00000E+00") ;
Next J
Print
Next |
Print

Print "** MATRIX B:"
Print
Forl=1ToND
ForJ=1ToND
Print Format (B (I, J)," 0.00000E+00") ;
Next J
Print
Next |
End Sub

Sub OpMatrix (Index, ID, ND, N1, N2, Diffl, Diff2, Diff3, Root, Vect)

"--ENTRY POINT
If ID =3 Then
Call GaussQuadratureWeights (ND, Root, N1, N2, Diff1, Vect)
Else
ForJ=1ToND
If J = Index Then
IfID=1Then
Vect (J) = Diff2 (Index) / Diff1 (Index) / 2
Else
Vect (J) = Diff3 (Index) / Diff1 (Index) / 3
End If
Else
Y = Root (Index) - Root (J)
Vect (J) = Diffl (Index) / Diff1 (J) /' Y
If ID =2 Then Vect (J) = Vect (J) * (Diff2 (Index) / Diff1 (Index) - 2/Y)
End If
Next J
End If
End Sub
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Sub GaussQuadratureWeights (ND, Root, N1, N2, Diff1, Vect)

Y=0

ForJ=1ToND
X =Root (J)
AX=X*(1-X)
[f N1=0Then AX = AX/X /X
[fN2=0Then AX=AX/(1-X)/(1-X)
Vect (J) = AX / Diff1 (J) / Diff1 (J)
Y=Y +Vect (J)

Next J

ForJ=1ToND
Vect (J) = Vect () /Y

Next J

End Sub

Sub RadauQuadratureWeights (ID, ND, Root, N1, N2, Diff1, Vect, Alpha, Beta)

Sum=0
Forl=1ToND
X =Root (1)
Select Case ID
Case 1
AX =X
[fN1=0Then AX=1/AX
Case 2
AX=1-X
[fN2=0Then AX=1/AX
Case 3
AX=1
End Select
Vect (1) = AX / Diffl (1) / Diff1 (1)
Next |

1 + Alpha)

If ID <> 2 Then Vect (ND) = Vect (ND) / (
/(1 + Beta)

If ID > 1 Then Vect (1) = Vect (1)

Forl=1ToND
Sum = Sum + Vect (1)
Next |

Forl=1ToND

Vect (1) = Vect (I) / Sum
Next |
End Sub

Sub Lagrangianinterpolation (ND, Root, X1, XP, Diff1)
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POL=1

Forl=1ToND
YVA = X1 - Root (I)
XP()=0
IfYVA=0Then XP (1) =1
POL = POL * YVA

Next |

If POL <> 0 Then
Forl=1ToND

XP (1) = POL / Diff1 (1) / (X1 - Root (1))

Next |

End If

End Sub

Sub Gauss (N, A, Z, Coef, Flag)

kkkkkkkkkkkkkkkkkkkk

SUBROUTINE GAUSS

kkkkkkkkkkkkkkkkkkkk

Forl=1ToN-1
BIG=Abs (A(l, 1))
L% = I: Rem L%= BIG ELEM.
IP1=1+1

-----CHECK FOR BIG

ForJ=IP1ToN
If (Abs (A (J, 1)) > BIG) Then
BIG=Abs (A(J, 1))
L% =1J
End If
Next J
If (BIG = 0!) Then
Flag=1
Exit For
End If

If (L% <> 1) Then
ForJ=1ToN
HOLD = A (L%, J)
A%, )=A(,J)
A(l,J)=HOLD
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Next J

HOLD = Z (L%)

Z(L%) =2Z(l)

Z (I)=HOLD
End If

-----ELIMINATION

ForJ=IP1ToN
TEMP=A(J, D/A(,1)
ForK=IP1ToN
A(J,K)=AJ,K)-TEMP*A (I, K)
Next K
Z(N=ZJ)-TEMP*Z(I)
Next J
Next |

-----BACK SUBSTITUTION

If Flag = 0 Then
If (A (N, N) =0) Then
Flag=1
Else
Coef (N)=2Z (N) / A (N, N)
Forl=N-1To1 Step-1

TEMP =0
ForJ=1+1ToN
TEMP = TEMP + A (1, J) * Coef (J)
Next J
Coef ()= (Z (1) - TEMP) /A (I, 1)
Next |
End If

End If
'-----RETURN TO USER'S PROGRAM

If (Flag = 1) Then

Print "ERROR: Matrix singular !!"
End If
End Sub

BIEXERLERSA

1. El#23z Sub OrthogonalCollocationBVPODE (Xpos, Ypos)
G P 4 P R O S A O RHT o tdpt R
CollocationBasicData » ! = $8 {=H i A= \_r-p[,[;gqgwﬁg;cj;ﬁjz;ﬁj%g;t Gauss >
FIPFi7=* Radaulobatto {73 fil » % F[" A4 Lagrangianinterpolation [&iit{%
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iR

ZI#23L Sub CollocationBasicData (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2,
NoColloPoints, Diffl, Diff2, Diff3, Root, Vect, A, B, W)

E'JF¢§I’fIF}FJfE'_ETU/%§‘\'f T EpEL ’EJ%E .

GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints)
Jacobi (Alpha, Beta, NoColloPoints, N, N1, N2, Diff1, Diff2, Diff3, Root)
DefMatrix (ID, NoColloPoints, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)
RadauLobatto (Xpos, Ypo, N1, N2, NoColloPoints, Root, Diff1, Vect, W, Alpha,
Beta)

Xpos & Ypos £ *a‘:j‘ iJfFah Sif i f.F-II .

S1F23L Sub GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, ND)
P T 2 5
PEpLE - ([ GeoFact, Alpha, Beta, N, N1, N2, [ilfe/Bfigfr ND «

GeoFact=0 I #Hy

GeoFact =1 EH?F”’?E'
GeoFact =2 f}‘ﬁg

N1=1 x=0 £ el i

N2=1 x=1 EL Rl
2IF23L Sub Jacobi (Alpha, Beta, ND, N, N1, N2, Diff1, Diff2, Diff3, Root)
BIREE lc‘ﬁf%h
fi] Eijit{ﬁﬂu_Alpha Beta, N, N1, N2 » ® il E@(ND
155 P'lf A ﬁl[ﬁ[f‘ EﬁRoot 1) » %55 ¥ =fi5]] Diffl, Diff2 & Diff3 -

2723 Sub RadauLobatto (Xpos, Ypos, N1, N2, NoColloPoints, Root, Diff1, Vect,
W, Alpha, Beta)

PR T Radau & Lobatto A 55 el £l prBf

filr =] Eﬁi’”t N1, N2> fl Eﬂ@r NoColloPoints > Ezl EﬁRoot () - [
["=fi%j]] Diff1 (1) - Alpha * Beta £ Jacobi ’g VA= 17 Alpha = Beta -

PERLFIRRE S o IR e 7603 P e W) -

A= 5 BT Radau & Lobatto Jiel £17 55 = Hirff 29 Alpha > Beta i #H =1 fl 1S
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d ﬁ@wp,@ Eljﬂ?ﬁgﬁaﬁg o
6. FIF2z Sub DefMatrix (ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)
HRE T IR A R B -
ffl =] Efif iﬁt N1, N2 PFF‘%@\T ND - fl %#‘Root(l) » BT 1 ER] DiffL(l) -
Diff2(1), Diff3(1) » Vect(l) -
LIRS o T B0 (S A B -
7. 23 Sub Lagrangianinterpolation (ND, Root, X1, XP, Diffl)
BT - B e
8. HIFZZ Sub Gauss (N, A, Z, Coef, Flag)
T RS 0 R A
P IBS CAA T  GEN RRER A R Z -
P L U [l p B Flag HEF Coef(l) -

BAHTER

ollocation Method for Linger BV Ondinary Differential Equatio

’*GEOMETRIC FACTOR™
5 =0farPlanar

S =1 for Cylinder

5 =2 far Sphere

Geometric Factor 5= 1

Alpha= 1

Beta= 0

Murmnber of Collocation Paints M= &

BOUNDARY COLLOCATION POINT(S):
O=not a collocation point
1=is a collocation point

MNi=0

Mz =1

T COLLOCATION POINTS:

3.9800936E-02
1.380134E-01

4.379743E01 zonal Coleiet x|
6.954643E-01 Reary to Continuz
9.014649E-01
1.000000E+00
CHEER  Copyright RESI 2001 B 45 AT
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Crrthogonal Collocation bethod for Linear BYE G k|

T HEOLUTION

1031M0E-01 1.737226E-01 3.261482E-01 5 B90208E-01 2.404808E-01
1.000000E-00

T H0LUTION AT FIXED GRIDPOINTS

DOOE-D0  2847853E-02
100E-01 920540002
200E-01  1.032133E-01
300E-01  1233183E-01
400E-01  1.548396E-01
S00E-01  2016935E-01
E00E-01  2B37994E-01
FO0E-01  3678402E-01
800E-01  5035162E-01
9.00E-01  7.102934E-01
1.00E+00 1.000000E+00
»>» EFFECTIVEMESS FACTOR = 4 3176 1306E-01

ERM
ML)

CHEER  Copyright RESI 2001

Lo Il R oy d—" I B S par e FIR R AR AT

2. Ml AU A BIRE - R AR 5 S=xT L R A i TR A
AP BB = xR -

3. WRSHRE N R 8 )b SRR 5 5 uE g e
28 823 BT 6 02 P )

4, Y EL% ”pﬂ;jaﬁrﬂiﬁgﬂjim Uﬁjfﬂﬁﬁ’

a’y, Qe dy _o®

d&2 2 dé 4

06 1 My = £ RS 2 ST I S 1 Sub

OrthogonalCollocationBVPODE [ 1 ffli | # 5.4 = ik #f4--DEFINE THE PROBLEM

A -
5. [IWE 357 [y (Effectiveness factor) [V » 7 4 IR 153

g y

@
TS



sl= mEnEs
n= yax? = [yde
I[ﬁu?“f'g?@FW(x) 1 F’?*E “ﬁwﬁﬁ‘ TR W () = - x)“x” > H

Hifv2gra » g4 0

S/\E  FFRIEEMDHIEDN A

:’IE?»E?'\‘I‘iﬁf’ %53 WA EL A FoT RS S KT (1) ?ﬁ‘[\iﬁf’ o) WA SRR IR IR
%5 (2 Jl%\[fkﬁ' M55 HAEZE > B P E I AR (3) JFﬂv‘lliﬁ' 55 HREF > IR
PIERF o (6T FE%T&U_%I%& ) iﬁ#i%ljl?ﬁ\l*f B3 H RS R - R T pJle&\
[ E A A J¢‘F"r’?ﬁf7ﬁﬁ”%‘ U 1 A Unﬁd?f' 5 Ff‘é{ﬁ‘ﬁg y I
A LN

EARBENEEOEERRE ( 25HREED-X)

U] 10-6 I TTIOMIA Y S Pk o (ARSI ST 2
Ml HPPS UL

2
‘;X2y+)1(gi ®?y? =0 (10-8.1)

BCL x=0f - %:o

BC2 x:lﬁ?ﬁ, y=1
AT I oL 0 =4 o BB P RRERRIRE T )
y(x) o TR EE S
U=Eydx2
(171206 + i B £= X7 o A (10-8.1) S
d’y dy_@° .
d22 dé 4

BCL £=0Ff » y=7|[Ef

& (10-8.2)

10-61

“OUAL B



B fE BRI RER

BC2 &=1f > y=1
FIETEEST BB A B i 20y
N+1 P2 2 .
Z(flaij+Aij)yj=Tc5ijy,- ©i=1,2,3,--,N (10-8.3)
1 '
Y =1
gt - ﬁ%ﬁj P (R A .
TOP-DOWN %5
F'JIE—“ Jacobi, DefMatrix, RadauLabotto » Lagrangianinterpolation fiuzEsf I3[ » ﬁ%
ELI'| S o
° F'Jifg““ Sub Newton LIS SRt ) A IS BRI AE = B S pLA T 5y
il
o ﬁ[@?ﬁ?@?“@ﬁifﬂ? £l
N
DZ(1)=) C(i, ))Z; - f,
j=1

AlE=My-f
FIRSQESE P AT IR PR AR > 1R 2, =T/N -

5]

" SOLUTION OF NONLINEAR B.V.P.-O.D.E
'BY ORTHOGONAL COLLOCATION

" Program Developed by Dr. Ron Hsin Chang
" Copyright 1986, 2001

" Example 10-7
Sub OrthogonalCollocationBVPODE (Xpos, Ypos)

Dim AC (50, 50) , Z (50) , COEF (50) , XP (50) As Double
Dim Diff1 (50) , Diff2 (50) D|ff3 (50) , Root (50) As Double
Dim A (50, 50) , B (50, 50) W (5 )As Double

Dim Vect (50) , DZ (50) As Double

Cls

' ==Enter Basic Data

10-62

“OUAL B



=M= Ee=mEE

Call CollocationBasicData (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints, Diff1, Diff2,
Diff3, Root, Vect, A, B, W)

' ==DEFINE THE PROBLEM

Cls
Thm = Val (InputBox ("> THIELE MODULUS = ?", "THIELE MODULUS", Thm, Xpos, Ypos) )
For 1 =1 To NoColloPoints - 1
For J =1 To NoColloPoints
AC (I, J)=Root (1) *B (I, J) + (GeoFact + 1) / 2 * A (1, J)
Next J
Next |
For J =1 To NoColloPoints - 1
AC (NoColloPoints, J) =0
Next J
AC (NoColloPoints, NoColloPoints) = 1
NEQN% = NoColloPoints
ID=0

CALL NEWTON RAPHSON SECANT

Call Newton (NEQN%, NoColloPoints, AC, Z, DZ, Thm, Itmax, ED, EZ, EX)

Print

Print "** SOLUTION "

Print

For1=1To NEQN%
Print Format (Z (I),"  0.00000E+00") ;
If (Int (1/5)-1/5) =0 Then Print

Next |

Print

" ==INTERPOLATION AT FIXED POINTS

Print
Print
Print "** SOLUTION AT FIXED GRIDPOINTS"
EHR{ "**X********Y***"
ForIT=1To 11
X=(T-1)/10
X1=X*X
Call Lagrangianinterpolation (NoColloPaints, Root, X1, XP, Diff1)
YVA=0
For J =1 To NoColloPoints
YVA=YVA+XP () *Z(J)
Next J
Print Format (X, " 0.## )
Print Format (YVA,"  0.000000E+00")
Next IT

' ==EFFECTIVENESS FACTOR
EFF=0
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For I =1 To NoColloPoints
EFF=EFF+W O *Z () *Z ()

Next |

Print ">>> EFFECTIVENESS FACTOR =";

Print Format (EFF, " 0.00000000E+00")

Print

Print" =END —======="

End Sub

Sub DefineFunction (ND, AC, Z, DZ, Thm)

ForlK=1ToND-1
DZ (IK)=0
ForJK=1To ND
DZ (IK) = DZ (IK) + AC (IK, JK) * Z (JK)
Next JK
DZ (IK) =DZ (IK) - Thm * Thm [ 4 * Z (IK) * Z (IK)
Next IK

DZ(ND)=0
ForJK=1ToND
DZ (ND) = AC (ND, JK) * Z (JK)
Next JK
DZ (ND)=DZ (ND) - 1
End Sub
Sub CollocationBasicData (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints, Diff1,
Diff2, Diff3, Root, Vect, A, B, W)

Basic Data for Collocation Method

" GeoFact S = 0-planar; 1-cylinder; 2-sphere"

" Alpha =1

' Beta = (GeoFact - 1) 12

"N = Number of Interior Collocation Points

" N1 = 1if x=0is a collocation point, otherwise N1=0
N2 = 1if x=1is a collocation point, otherwise N2=0
NoColloPoints = Total number of collocation points, = N + N1 + N2
Diffl = First order derivative vector
Diff2 = Second order derivative vector
Diff3 = Third order derivative vector
Root = Root of Jacobi Polynomial, Collocation Points

" Vect = Operation vector

A = First order derivative matrix

' B = Second order derivative matrix

) = Radau Lobatto quadrature weights

Cls
Call GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, NoColloPoints)
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"==CALL JACOBI to find collocation points

Call Jacobhi (Alpha, Beta, NoColloPoints, N, N1, N2, Diff1, Diff2, Diff3, Root)
MsgBox ("Ready to Continue")

'==CALL DEFMAT to define operation matrix

Cls
Call DefMatrix (ID, NoColloPoints, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)
MsgBox ("Ready to Continue")

' ==RADAU AND LOBATTO QUADRATURE

Call RadauLobatto (Xpos, Ypos, N1, N2, NoColloPoints, Root, Diff1, Vect, W, Alpha, Beta)
MsgBo%("Ready to Continue")
End Su

Sub GeoFactor (Xpos, Ypos, GeoFact, Alpha, Beta, N, N1, N2, ND)
BASIC DATA for Collocation Method

** DEFINE THE JACOBI POLYNOMIAL "
Generally, ALPHA=1, BETA= (S-1) /2"
S=0-planar; 1-cylinder; 2-sphere"

Print "** GEOMETRIC FACTOR **"
Print" S = 0 for Planar"

Print" S = 1 for Cylinder"

Print" S = 2 for Sphere"

Print

GeoFact = Val (InputBox (" S =" "Geometric Factor", GeoFact, Xpos, Ypos))
Print " S selected = "; GeoFact

Alpha = Val (InputBox ("  Alpha =", "Alpha", 1, Xpos, Ypos) )
Print " Alpha = "; Alpha

Beta = Val (InputBox (" Beta =", "BETA", (GeoFact - 1) / 2, Xpos, Ypos))
Print" Beta= "; Beta

N = Val (InputBox (">> NUMBER OF COLLOCATION POINTS:", "Collocation Points", N, Xpos,
Ypos) )
Print " Number of interior collocation Points N =": N

Print"  BOUNDARY COLLOCATION POINT (S) :"
Print"  0=not a collocation point"
Print"  1=is a collocation point"

N1 = Val (InputBox ("Collocation at X=0 (0/1) 2", "Collocation @ X=0", N1, Xpos, Ypos) )
Print "N1 =", N1

N2 = Val (InputBox ("Collocation at X=1 (0/1) 2", "Collocation @ X=1", N2, Xpos, Ypos) )
Print "N2 =" N2

ND =N+ N1+ N2
End Sub
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Sub RadaulLobatto (Xpos, Ypos, N1, N2, NoColloPoints, Root, Diff1, Vect, W, AlphaP, BetaP)
'==RADAU AND LOBATTO QUADRATURE
Cls

Print

Print ">> RADAU & LOBATTO QUADRATURE"

Print "ID=1 Radau quad. weights including x=1"

Print "ID=2 Radau quad. weights including x=0"

Print "ID=3 Lobatto quad wieghts including both"

Print "WEIGHT FUNCTION W (X) = (1-X) "APLHA*X"BETA"
Print

If N1*N2=1Then
ID=3
Alpha = AlphaP - 1
Beta = BetaP - 1
Elself N1 =1 Then
ID=2
Alpha = AlphaP
Beta = BetaP - 1
Else
D=1
Alpha = AlphaP - 1
Beta = BetaP
End If
Print"ID=";ID

Alpha = Val (InputBox ("  Alpha =", "Alpha", Alpha, Xpos, Ypos) )
Print "Alpha = "; Alpha

Beta = Val (InputBox (" Beta =", "BETA", Beta, Xpos, Ypos) )
Print "Beta = "; Beta
Print

Call RadauQuadratureWeights (ID, NoColloPoints, Root, N1, N2, Diff1, Vect, Alpha, Beta)
Print
Print "* VECTOR W:"
Print
For 1 =1 To NoColloPoints
W (1) = Vect (1)
Print Format (W (I),"  0.00000E+00") ;
Next |
End Sub

Sub Newton (NEQN%, NoColloPoints, AC, Z, DZ, Thm, Itmax, ED, EZ, EX)

Cls

Call InitialGuess (NoColloPoints, Z)

Call ErrorCriteria (Itmax, ED, EX, EZ)

Call NewtonRaphsonSecant (NEQN%, NoColloPoints, AC, Z, DZ, Thm, Itmax, ED, EZ, EX)
End Sub
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Sub InitialGuess (ND, 2)
"==INITIAL GUESSES

Forl=1ToND
Z()=(1/ND)

Next |

End Sub

Sub ErrorCriteria (Itmax, ED, EX, EZ)
"SET ERROR CRITERION

" ED=Value of determinant considered to be zero for checking whither the matrix is singular,
' usually taken as 1E-30

" EX=Step length for partial derivative estimations, function evaluated at (1+-EX) *Z

" EZ=Acceptable relative error in Z

" ITMAX=Maximum number of iterations allowed

[tmax = 30

ED = 1E-32

EX =0.00000001
EZ =0.00000001
End Sub

Sub NewtonRaphsonSecant (N, ND, AC, Z, DZ, Thm, Itmax, ED, EZ, EX)

' SUBROUTINE NEWTON RAPHSON SECANT

Dim AJ (50, 50) , BB (50) , Z2 (50) , MP (50) , MQ (50) As Double
lter% =0

Do
Call Jacohian (N, ND, AC, AJ, BB, Z, DZ, EX, Thm)
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 (ND, AC, Z, DZ, Thm)

ForL1=1ToN
Z2(L1)=0
ForkKH=1ToN
Z2 (L1) = Z2 (L1) + AJ (L1, KH) * DZ (KH)
Next KH
Z2 (L1)=Z (L1) - Z2 (L1)
Next L1

ForKS=1ToN
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If (Abs ((Z2 (KS) - Z (KS))/Z (KS))-EZ) <=0 Then
I ConvergentFlag = ConvergentFlag
Else
ConvergentFlag = ConvergentFlag + 1
End If
Next KS

If ConvergentFlag = 1 Then
Exit Do
Else
Iter% = Iter% + 1
Forl=1ToN
Z()y=22(l)
Next |
End If
Loop While Iter% < Itmax

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

End If

End Sub

Sub Jacobian (N, ND, AC, AJ, BB, Z, DZ, EX, Thm)

' SUBROUTINE JACOBIAN

Forl=1ToN
XX=2(l)
Z(l)=XX*(1-EX)
X1=2()
Call DefineFunction (ND, AC, Z, DZ, Thm)
ForJ=1ToN
BB (J) =DZ (J)
Next J
Z(I)=XX*(1+EX)
X2=2(l)
Call DefineFunction (ND, AC, Z, DZ, Thm)
ForJ=1ToN
AJ(J,1)=(DZ (J)-BB (J) )/ (X2 - X1)
Next J
Z(l) = XX
Next |
End Sub

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

' SUBROUTINE TRIXEE

SIMULTANEOUS EQNS. SOLVER
Dim MP (50) , MQ (50) As Double
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DET=1
' -- DETERMINE PIVOTAL ELEMENT

ForK=1ToN
PIV=0
ForI=KTo N
ForJ=KToN
If (Abs (AJ (I, 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 (I, K))
Next |
End If

' -- JORDAN TRANSFORMATION

ForJ=1ToN
If J=K Then
BB(J)=1/PIV
=1

-AJ (K, )/ PIV
AJ (J, K)

DZ(J
Else
BB (J
DZ (J
End If
Al (K, J)
Al (J, K)
Next J
ForI=1ToN
ForJ=1ToN
Al(l,)=AJ(I,J)+DZ(l)*BB(J)
Next J

)
)
)
0
0
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Next |
Next K

" REARRANGEMENT OF THE MATRIX

If KSG =1 Then
ForK=1ToN
K3=N-K+1
If (MP (K3) <> K3) Then
DET = -DET
For[=1ToN
K4 = MP (K3)
Call SWAP (AJ (1, K4) , AJ (I, 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 Jacobi (Alpha, Beta, ND, N, N1, N2, Diff1, Diff2, Diff3, Root)

AlphaPlusBeta = Alpha + Beta
AlphaMinusBeta = Beta - Alpha
AlphaBeta = Beta * Alpha

Diff1 (1) = (AlphaMinusBeta / (AlphaPlusBeta + 2) + 1) / 2
Diff2 (1)=0

If N >=2 Then
Forl=2ToN
IM1=1-1
Z = AlphaPlusBeta + 2 * IM1
Diff1 (I) = (AlphaPlusBeta * AlphaMinusBeta / Z / (Z +2) + 1)/ 2

If 1=2Then
I Diff2 (I) = (AlphaPlusBeta + AlphaBeta + IM1) / Z/ Z | (Z + 1)
Else
Z= Z
Y= * 1 * (AlphaPlusBeta + IM1)
Y=Y (AI haBeta + Y)
Dif2 ()=Y/Z/(Z-1)
End If
Next |
End If
X=0
ForI=1ToN

10-70

“OUAL B



=M= Ee=mEE

Do
XD=0
XN=1
XE=0
XM=0
ForJ=1ToN
XP = (Diff1 (J) - X) * XN - Diff2 (J) * XD
XQ = (Diff1 (J) - X) * XM - Diff2 (J) * XE - XN

XD = XN
XE = XM
XN =XP
XM = XQ
Next J
C=1
Z=XN/XM
IfI>1Then
ForJ=2Tol
ZC=Z2C-Z/(X-Root(J-1))
Next J
End If
Z=27211C
X=X-Z
Loop While (Abs (Z) > 0.000000001)
Root (1) = X
X=X +0.0001
Next |
If (N1 =1) Then
ForI=1ToN
J=N+1-1
Root (J + 1) = Root (J)
Next |
Root (1) =0
End If
If (N2 = 1) Then Root (ND) = 1
Print
Print "** COLLOCATION POINTS:"
Print
Forl=1ToND

Print Format (Root (1), " 0.000000E+00")
Next |

Forl=1ToND
X =Root (1)
Diff1 () =1
Diff2 (1) = 0
Diff3 (1) =0
ForJ=1ToND
If J<>1Then
Y = X - Root (J)
Diff3 (1) = Y * Diff3 (1) + 3 * Diff2 (1)
Diff2 (1) = Y * Diff2 (1) + 2 * Diff1 (I)
Diff1 (I) = Y * Diff1 (1)
End If
Next J
Next |
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End Sub

Sub DefMatrix (ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect, A, B)

Forl=1ToND
D=1
Call OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
ForJ=1ToND
A(l,J) =Vect (J)
Next J
ID=2
Call OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)
ForJ=1ToND
B (I, J) = Vect (J)
Next J
Next |

Print
Print "** MATRIX A:"
Print
ForI=1ToND
ForJ=1ToND
Print Format (A (1, J)," 0.00000E+00") ;
Next J
Print
Next |
Print
Print "** MATRIX B:"
Print
ForI=1ToND
ForJ=1To ND
Print Format (B (I, J)," 0.00000E+00") ;
Next J
Print
Next |
End Sub

Sub OpMatrix (I, ID, ND, N1, N2, Diff1, Diff2, Diff3, Root, Vect)

"--ENTRY POINT
If ID =3 Then
I Call GaussQuadratureWeights (ND, Root, N1, N2, Diff1, Vect)
Else
ForJ=1ToND
IfJ=1Then
If ID=1Then
Vect (J) = Diff2 (1) / Diff1 (1) / 2
Else
Vect (J) = Diff3 (1) / Diff1 (1) / 3
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End If
Else
Y = Root (I) - Root (J)
Vect (J) = Diff1 (I) / Diff1 (J) /'Y
If ID =2 Then Vect (J) = Vect (J) * (Diff2 (1) / Diff1 (1) - 2/Y)
End If
Next J
End If
End Sub

Sub GaussQuadratureWeights (ND, Root, N1, N2, Diff1, Vect)

Y=0

ForJ=1ToND
X =Root (J)
AX=X*(1-X)
IfN1=0Then AX=AX/X/X
IfN2=0Then AX=AX/(1-X)/(1-X)
Vect (J) = AX / Diff1 (J) / Diff1 (J)
Y=Y+ Vect (J)

Next J

ForJ=1ToND
Vect (J) = Vect (J) /Y

Next J

End Sub

Sub RadauQuadratureWeights (ID, ND, Root, N1, N2, Diff1, Vect, Alpha, Beta)

Sum=0
ForI=1ToND
X =Root (I)
Select Case ID
Case 1
AX =X
[fN1=0Then AX=1/AX
Case 2
AX=1-X
[fN2=0Then AX=1/AX
Case 3
AX=1
End Select
Vect (I) = AX / Diff1 (1) / Diff1 (1)
Next |
If ID <> 2 Then Vect (ND) = Vect (ND
If ID > 1 Then Vect (1) = Vect (1) / (1
Forl=1ToND
Sum = Sum + Vect (1)
Next |
Forl=1ToND
Vect (I) = Vect (1) / Sum
Next |

)/ (1 + Alpha)
+ Beta)
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End Sub

Sub Lagrangianinterpolation (ND, Root, X1, XP, Diff1)

POL=1

Forl=1ToND
YVA = X1 - Root (1)
XP()=0
IfYVA=0ThenXP (I)=1
POL = POL * YVA

Next |

If POL <> 0 Then
Forl=1ToND

XP () = POL / Diff1 (I) / (X1 - Root (1))

Next |

End If

End Sub

Sub SWAP (PAR1, PAR2)
Temp = PAR1

PAR1 = PAR2

PAR2 = Temp

End Sub

BIEXNERTERHA

ZIF23X Sub OrthogonalCollocationBVPODE (Xpos, Ypos)

EL I = 8 R S5 Fr ol S L 1 TR PP 1 A i A it e &y H P P =
CollocationBasicData » ™ ff (B Al 70 > P U2 ERBLfE ) A 20 o i A =
Newton » %[JE'J,H‘J?E?Q RadauLobatto =f+#i 53 fifi - B%[JE'JF&'J*E?“ Lagrangianinterpolation
(BB 45 -

ZI#23X Sub DefineFunction (ND, AC, Z, DZ, Thm)

BBl R T Sl e R P I T AR B P 'J\E%ﬁﬁ 77 e

glF2=, Sub Newton (NEQN%, NoColloPoints, AC, Z, DZ, Thm, Itmax, ED, EZ, EX)
GIEIE: agﬁ%g%”gqﬁﬁéﬁ&q@?ﬁj LRI %’Eﬂt?} SO (I

BRANTHR
P AR B N=3
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AP Bl N=S

Methe

* GEOMETRIC FACTOR ™
5 =0 far Planar

5 =1 far Cylinder

5 =2 far Sphere

S selected = 1

Alpha= 1

Beta= 0

Murnber of interior collocation Points N= 5
BOUNDARY COLLOCATION POINT(S):
O=not a collocation point
1= is a collocation paint

W1=10

W2=1

T COLLOCATION POINTS:

Eeady to Continue

3.930986E-02 wt |

1.980134E-01
4.379743E-M
5.954643E-01
9.014649E-01
1.000000E-+00

CHEER  Copyright RESI 2001 B 45 AT

T MATRECA:

- 125587 E+D1 202731E+01- 1.33913E+01 9.83187E+00- B35MEE+00 2.74018E+00
- 197082E+00- 2 52508E+00 B.A2800E+00- 4 06506E+00 2 B558TE+00- 1 .02290E+00
471034E-01- 2.50874E-00- 11416200 4.72309E+00- 2 42467E-00 873001E-01
- 235164E-01 9.34105E-01- 3.19280E+00- 7 18944E-01 4.48493E+00- 1.33212E+00
1.93682E-01- 7EO834E-01 1.91935E+00- 525421 E+00- 554653E-01 4.45623E+00
- 3.05820E-01 1.51996E+00- 380573E+00 8.03431E+00- 231127E-01 1.75000E+01

T MATRECB:

1.06726E+02- 2.52957E+02 2 63116E+02- 218304E+02 1 58543E402- 6.31240E+1
348680E-+01- 5 85E20E+01 227551E+01 4.18568E+00- 586162E+00 261483E+00
- 3AHBIEADD 2B6164E+01- 452747E+01 2.58087E+01- 4 92656E+00 1.11974E+00
1.05548E+00- 542621E+00 2.93304E+01- 552806E+01 3.70340E+01- 6.83310E+00
- BE4MOE-01 300738E+00- 1.04140E+01 568401E+01- 1 34275E402 8E5062E+01
- 1302856401 4.94082E+01- 1.13369E+02 2.30142E+02- 3 39818E+02 1.86667E-02

Ready to Continue

FEE

CHEER  Copyright RESI 2001 B 46 34T
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A0 o SVRIHE N

S ORI IR R TRV TR o R TR o
| 2 ?iiéijii?‘o.l%oN—SE%ﬁ =3
1F o
7 103 FEEEBHHEE 2 EEMLEE
b
b
MN=3 M=4 M=5 MN=19
0.0 0.2853386 | 02833014 | 02830910 | 02891837
0.1 0.2893154 | 02930179 | 02924865 | 0.2925483
02 03012278 | 03030042 | 03028820 | 03028801
03 022114688 | 03207469 | 03200706 | 03209323
04 02496105 | 03473407 | 03481162 | 0.34809534
05 03882519 | 03866154 | 03866387 | 03866624
06 04406798 | 04404462 | 04402334 | 04402563
07 05136106 | 05148471 | 05147116 | 051468922
0.8 06182509 | 06134011 | 06195521 | 06195367
049 07719328 | 07711624 | 07712307 | 07712564
1.0 1.0000000 10000000 | 1.0000000 [ 1.0000000
BWEE 03543617 035420556| 03541994 03541992
Err% 0.0453% 0.0018% 0.0001% 0.0000%
1.2
—e— N=3
1.0
—m— N=4
N=5
0.8 N=19
> 06 |
fw/‘
0.4 /f/
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
X
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2
5 A T 0ty ORI N A

ST - SRR R R ) 2] O[]

d’y 1d
0<dZ 3 y) O(@*y?)=®*0(y*) ~ ®* (10-8.4)

< PR AT

N
yN =1+(1—X2)Zaixz("l) :—aNXZN Foeeenn
i=1

FHA
Max(dzy) ~ (2N)(2N —)Max(x"2) ~ (2N)(2N —1)
Max (1dy) (2N)Max(x2N2) ~ (2N)
A=
Max(jzg’ 1O'y) AN? (10-8.5)

Wﬂﬁﬁ“ﬂG&M‘H(wﬁﬁ)Fwﬁ@ww2~®ﬁﬁN>%ﬂm?@ﬂﬁ?Mﬁ%m
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ax® | x dx (¥) ( )

F| B e g & = x2 ]

d’y s+ldy @°
i =)
d& | 2 dé 4

s=0 Kbl LS > s =1ERIAEAD 5 =2 FESR)A AT -

g




=M= Ee=mEE

5. FIMLEy R

P e 2522 If(y)g(%’dgzzwif(yi)/f(l) (10-8.7)
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