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C *ok ok kR F * *kEkk *kEEk *
C EULER'S ALGORITHM
C sk ok ok o * FhkkEE Fh kA E *
C TO APPROXIMATE THE SOLUTION OF THE INITIAL VALUE

PROBLEM
C Y'=F(T,Y), A<=T<=B, Y(A)= ALPHA,
C ATN+1 EQUALLY SPACED POINTS IN THE INTERVAL [A B].
C [INPUT: ENDPOINTS A B; INITIAL CONDITION ALPHA; INTEGER N.
C OUTPUT: APPROXIMATION W TO Y AT THE (N+1) VALUES OF T.
CHARACTER NAME1*30,AA*1
INTEGER OUP FLAG
LOGICAL OK
C CHANGE FUNCTION F FOR A NEW PROBLEM
F(TZ,WZ)=-WZ+TZ+1
OPEN(UNIT=5,FILE='CON',ACCESS="SEQUENTIAL")
OPEN(UNIT=6,FILE='CON', ACCESS="SEQUENTIAL")
WRITE(6,*) 'This is the Euler Method.'
WRITE(6,*) Has the function F been created in the program? '
WRITE(6.*) Exter Y or N'*
WRITE(6,*) "'
READ(5,*) AA
IF(( AA EQ.'Y') .OR. ( AA EQ.'y")) THEN
OK = FALSE.
10 IF (OK) GOTO 11
WRITE(6,*) 'Input left and right endpoints separated by’
WRITE(6,*) blank *
WRITE(6,*) '’
READ(5,*) A, B
IF (A.GE.B) THEN
WRITE(6,*) Left endpoint must be less'
WRITE(6,*) 'than right endpoint'
ELSE
OK = .TRUE.
ENDIF
GOTO 10
11 OK = FALSE.
WRITE(6,*) Tuput the initial condition.'
WRITE(6,*) '’
READ(5,*) ALPHA
12 IF (OK) GOTO 13
WRITE(6,*) Tnput a positive integer for the number'
WRITE(6,*) 'of subinvervals '



Ol gl By (eoudall Jloudl (3 datita V4A

WRITE(6,¥) '’
READ(S.¥) N
IF (N .LE. 0 ) THEN
WRITE(6,*) 'Must be positive integer '
ELSE
OK = .TRUE.
ENDIF
GOTO 12
13 CONTINUE
ELSE
WRITE(6,*) 'The program will end so that the function F'
WRITE(6,*) 'can be created '
OK = FALSE.
ENDIF
IF(.NOT.QK) GOTO 400
WRITE(6,*) 'Select output destination: '
WRITE(6,*) '1. Screen'
WRITE(S6,*) 2. Text file '
WRITE(6,*) Enter 1 or2 '
WRITE(6,*) "'
READ(5," FLAG
IF (FLAG EQ. 2 ) THEN
WRITE(6,*) 'Input the file name in the form - '
WRITE(6,*) 'drive:name.ext'
WRITE(6,*) 'with the name contained within quotes’
WRITE(6,*) 'as example: "A:QUTPUT.DTA"'
WRITE(®6,+) "
READ(5,*) NAME1
OUP =3
OPEN(UNIT=0UP FILE=NAME1,STATUS="NEW')
ELSE
OUP=6
ENDIF
WRITE(OUP,*) 'EULER"S METHOD'
WRITE(OUP,2)
2 FORMAT(14X 't(i),14X,'w(i)"
C STEP1
H=B-A)/N
T=A
W=ALPHA
WRITE(OUP,1) T, W
C STEP2
DO 110I=1N
C STEP3
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C COMPUTE W(I)
W=W+H*F(T,W)

C COMPUTE T(I)
T=A+I*H

C STEP4

110  WRITE(OUP,1) T,W

C STEPS

400 CLOSE(UNIT=5)
CLOSE(UNIT=OUP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP

1 FORMAT(3X,E15.8,3X,E15.8)
END
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3 03 1.0004 1.0604
4 0.4 1.0022 1.12222
5 0.5 1.007 12072
6 06 1.01701 131791

(V) 0) Jlza

Y=z,

- x y,

Y)=077, z(1)=-044plll Jl¥i b 83,

J3
S Jo fad 3, =077, z,=-044, h=0.1 Js-b
yn+1 =yn +hZ",
zn+1 =] zn +h (__lzn _yn)i
X

n

x =1+nh, n=012,.....

AV, 035 Jpad) 3 et 2 0
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AV.1) oy J g
n xﬂ y# z}l
0 1.0 0.77 -0.44
1 1.1 0.726 -0.473
2 1.2 0.6787 -0.5026
3 1.3 0.62844 -0.528587
4 1.4 0.575581 0.55077

Modified Buler’s (uab! ,4 ol 48 )b  ans) , 451 25t Jodas Sliny
s &slam ¥ il Ules |4 Method

y=f(xy), yx)=y

LIS gl et 53
y;+1 :yn +hf(xn=yn):
h .
yn+l = yn +5[f(xmyn) + f(xn+1:yn+1)]’ h= 031:2: --------

(SO S 3 LS T A b e Juadl sl Jaxs el Sl f 3y b g

(V1Y) Jles

P AR sl b sty L1 A5t 2o Bles jon

Y=x-y, y@=150<x<1



Ol gl Aaly (ool floedl (3 datie Y
S
JsB O g !, h of @i ol 4, ) S E5MA1 03 A= 0.05 Js-,
:R:JL:J\ EJJA.“
x, =nh,

y:+1 =yn +h[yn _xn]’

h s
yn+l :yn +E[yn _xn +yn+1 _xn+1]’

n=012.......
AV.Y) rs_) (J_g..l;’-t L} Z_;aJJJu 3.,;.\.1&” cﬂ:ﬂb
V.Y by J gt

i x’l yﬂ

0 0.0 1.5

1 0.25 1.89195

2 0.50 23242

3 0.70 2.70659

4 1.0 3.3586

5 1.25 3.9943

6 1.5 4.7395

s paladt o ¥alakt als - Al ply of g o phtsnand (Sl pag
y=f(y.z)
z'=g(x,y,z), y(xo):yO, z(xo):zo
141 5 gad) ..l.-fv-bj
y:+'l = yn +hf(xn!yn!xn)1
z;+1 = zn + hg(xn’yn!xn)’
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h L] &
yn+1 = yn +E[f(xn=yn:zn) +f(xn+l’yn+1’zn+1)]=

h L] *
zn+1 = zn +E[g(xmymzn) + g(xn+1’yn+]’zn+1)]:

(VAY) Jiea
Ly oy Lasly sl Sy (VYD 3, JU 3 0 g bt (L) o Bl 3
3 o sn 38 LS bW o duald b5 b sl OF Uit 1515 A0l L

AV.A) ‘05,) Jsud
(V.A) ,!) o gkt

Batadt by of 2y b Auadt Gy of 28 b
xﬂ yﬂ zn y)l zH
0 0 0 0 0
0.1 0.534 0.3168 0.6 0.36
0.2 0.961531 0.564157 1.068 0.6336
03 1.30216 0.755059 1.43088 0.838636
0.4 1.57193 0.900134 1.71012 0.98943
0.5 1.7839 1.00808 1.9229 1.09731

Uy — gy &b (v.0)
Runge-Kutta Methods
D Gl § Uoaze [TV (x,p) Jslly f(x,p) V<8 13
D={(x,y): a<x<b, csysd}

10) e HE(V0Y) 5 E€(%,X) d g (x,¥) €D La 5Y &l
f(x,¥)=P(x,y)+R, (x,y)
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10} S

B, (3, ) = f (0, Yo) +(x—2,) 1. (%0, Yo) + OV = 3) £, (3%, 30)]
+%[(x— Xo) fre (o Vo) + 22X =3, )0 = Vo) i, (%o, 30) + (V= ¥o) £, (%0, 30)]

l Sk x—x. Y (y— 'M
Frrrirneraiies +m[§U( ) (=Y ey }

:_,Agil,ﬂ.xi-\‘,
R T ! ) P S DR ciit 4 (49 )
R,(x.3)= (n+1)!,.§(j J(x x -y

(%0, ¥0) ds cmiin 3 11 L pll a5 5bU 855 2 P (%,3) OF dall e
gy T U = e gy i o Bl (S8 -y - AU 48 R (X))
: 858l )5 @ f(r+ 0,y + B) Lol pea, @, B ol

TO(3,3)= f(5,9)+ 3 £ 9) + 2 [, (DS (59)

s Sl Jo bad (%) dp @ fx+a,y+ ) lay
af(x+a,y+B)=alf(xy)+af(x)+ B, x)+R]
ol ud &,y
=l a-% f=2fG)

STOG ) [+ v+ 2 S I)-R
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VU gany SIS Lay . OF) LW 83 0 e & lall on O Jam iy
Mid point method a.azlt dads 44, b — 4

Wo=Mo

Wy =W, BG4 4 (3, )

1310_{1‘3 ¢ al,a],ﬁl &nuu%:ﬁ,w@suﬁhhdbm
"’.“"-J‘B L:J-,l‘“y‘ u“'a'."f JJL’&J a13a23a2352 &b@ z‘”«)‘ Ui&"
h h
T®x,y) = f(x,) +o L %N+ SG0Y)
af(x,y)+a,(x+a,,y+6,/(x,3) 10558
ol ugd

1 ;
a1=az=3, a,=0,=h: Je Lat,

Modified Euler method ~ ddall o 4d) b —¥
Wo=Mo

R R ES GBI ER))

:u.lsd..aiﬁu-ln.lb@_,
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Heun'’s method (w® 4l b —¥
W =Y
Wo =W, L5043 Oy BW, + 20 1G5, )]
i=012..,N-1
RETPERPINEI SR E TR PR TR

(VYY) Jlea
s 4 L) Aolall o 3 2SI A3 I a S — 5 b ezl
y=y—x*+1, 0<x<2  y(0)=05
100 W, =05, h=02, N=10 alsealy

: Mid pint method il Ca.a 44

w,,, =1.22w, —0.0088i* — 0.008i + 0.218;

Modified Euler Method Dadt Ll of 2y b

w,,, =1.22w, —0.0088i* —0.008i +0.216,

Heun’s Method (n» 43

w,.., =1.22w, —0.0088i* — 0.008i + 0.2173;

b S 3 Ut e (V,4) @3, S gl oo g



AR

Lot ¥ staall gadalt A

AV.A) o8y g

x; Ll Caai 45 ,b  Auaall MyldE b o b
0.0 0 0 0

0.2 0.0012986 0.0032986 0.0019653
0.4 0.0027277 0.0071677 0.0042077
0.6 0.0042814 0.0116982 0.0067537
0.8 0.0059453 0.0169938 0.0096281
1.0 0.0076923 0.0231751 0.0128521
1.2 0.0094781 0.0303627 0.0164396
1.4 0.0112346 0.0387138 0.0203944
1.6 0.0128620 0.0483866 0.0247035
1.8 0.0142177 0.0595577 0.0293310
20 0.0151025 0.0724173 0.0342074

Fourth — Order Runge - Kutta method 4yl J} 13 J1 0 U565 i 9 iy ,b y

phisnzad) 3 (o 5t 25Y1 0
Wo=Xo
W =W, +é[l«t1 +2k, + 2k, + ;]
i=012 ..
k =hf(x,,w,),
h k,
k,=hf(x. +—,w.+2),
, =hf (x, o 2)

h k
k,=hf(x, +—,w,+-=
=B (542w 4 2),
k, = hf (x, + h,w, + k;)

O(R*) &t 1 23 M o B Jall 0da g
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(V,)£) Jiea

L3 M oy U sS gy B b sy LI sz daall Wlaa o i

y=y-x"+],
x, =0.2i,

0<x<2,

gl
¥0)=0.5

w, =05, h=02,

Wia =W +%[k1 +2k2 + 2k, +k3]

k, =hw,—x +1],

ky = Hw, +

=

G427+,

k h
k,=hw,+-2—(x,+-) +1
3 [wx 2 (xx 2) ]:

k, = Hw, +k,—(x,+h)* +1] i=012..,N-1

I3l 3 Lol 1 45 0 opa S —an) Aoy Gl Ut 5hin 12 505

. (V, ' ) r.; ¥)
AV, N 0) @By J gt

n Exact ZRK [Exror]
0.0 0 0 0

02 0.8292986 0.8292933 0.0000053
0.4 1.2140877 1.2140762 0.0000114
0.6 1.6489406 1.6489220 0.0000186
08 21272295 2.1272027 0.0000269
1.0 2.6408591 2.6408227 0.0000364
1.2 3.1799415 3.1798942 0.0000474
1.4 3.7324000 3.7323401 0.0000599
1.6 42834838 42834095 0.0000743
1.8 4.8151763 48150857 0.0000506
20 5.3054720 5.3053630 0.0001089
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.Y) 95 ) b
C *EFFEFEEEEFEFEFEFEEE *FFFF¥kk
C RUNGE-KUTTA (ORDER 4)
C o ok ok ok ok o o o ok ok e ok ok ok ok L L L ELE L]
C TO APPROXIMATE THE SOLUTION TO THE INITIAL VALUE
C PROBLEM
C Y'=F(T.Y), A<=T<=B, Y(A) = ALPHA,
C AT (N+1) EQUALLY SPACED NUMBERS IN THE INTERVAL [A,B].
C INPUT: ENDPOINTS A B; INITIAL CONDITION ALPHA; INTEGER
C N
C OUTPUT: APPROXIMATION W TO Y AT THE (N+1) VALUES OF T.
CHARACTER NAME1*30,AA*1
INTEGER OUP,FLAG
LOGICAL OK

C CHANGE FUNCTION F FOR A NEW PROBLEM
F(TZWZ=WZ-TZ*TZ+1
OPEN(UNIT=5,FILE='CON',ACCESS="SEQUENTIAL"
OPEN(UNIT=6,FILE='CON',ACCESS="SEQUENTIAL)
WRITE(6,*) 'This is the Runge-Kutta Order Four Method.'
WRITE(6,*) Has the function F been created in the program? '
WRITE(6,¥) Enter Y or N''

WRITE(6.,*)""

READ(5,*) AA

IF((AA EQ.'Y") OR. (AA EQ.Yy')) THEN

OK = FALSE.

10 IF (OK) GOTO 11
WRITE(6,*) 'Input left and right endpoints separated by’
WRITE(6,*) blank '

WRITE(6,%) '
READ(,*) A, B
IF (A.GE.B) THEN
WRITE(6,*) 'Left endpoint must be less’
WRITE(6,*) 'than right endpoint’
ELSE
OK = .TRUE.
ENDIF
GOTO 1¢
11 OK= FALSE.
WRITE(6,*) 'Input the initial condition.'
WRITE(6,*) "'
READ(5,*) ALPHA
12 IF (OK) GOTO 13
WRITE(6,*) 'Input a positive integer for the mymber’



13

Ol By (ool Jloudl (3 dadita YV

WRITE(6,*) 'of subinvervals '
WRITE(6,*) "'
READ(5,%) N
IF (N .LE. 0) THEN
WRITE(6,*) 'Must be positive integer '
ELSE
OK = .TRUE.
ENDIF
GOTO 12
CONTINUE
ELSE
WRITE(6,*) 'The program will end so that the function F '
WRITE(6,*) 'can be created '
OK = FALSE.
ENDIF
IF(NOT.OK) GOTO 400
WRITE(6,*) 'Select output destination: '
WRITE(6,*) '1. Screen’
WRITE(6,*) '2. Text file '
WRITE(6,*) 'Enter 1 or2*
WRITE(6,*) ''
READ(5,*) FLAG
IF (FLAG EQ. 2 ) THEN
WRITE(6,*) 'Input the file name in the form -'
WRITE(6,*) 'drive:name. ext'
WRITE(6,*) 'with the name contained within quotes’
WRITEC(6,*) 'as example: "A.QUTPUT.DTA"'
WRITE(6,%) "'
READ(5,*) NAME1
OUP=3
OPEN(UNIT=0UP,FILEFNAMEI1 STATUS=NEW")
ELSE
OUP=6
ENDIF
WRITE(OUP,*) RUNGE-KUTTA FOURTH ORDER METHOD'
STEP 1
H=B-A)YN
T=A
W=ALPHA
WRITE(QUP,2)
I=0
WRITE(OUP,3) LT,W
STEP 2
DO110I=1N
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STEP 3
USE XK1,XK2,XK3 . XK4 FOR K(1),K(2),K(3),K(4) RESP.
XK1 =H*F(T,W)
XK2 = H*F(T+H/2,W+XK1/2)
XK3 = H*F(T-+-H/2, W+XK2/2)
XK4 = H*F(T+H, W+XK3)
C  STEP4
C  COMPUTE W(I)
W = W + XK 1+2*XK2-+XK3)+XK4)/6
C  COMPUTE T()
T=A+I*H
C STEP 5
1
C
400

ol

10 WRITE(OUP3)L T, W
STEP 6
CLOSE(UNIT=5)
CLOSE(UNIT=0UP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
2 FORMAT(1X,7X,T,12X,'T",19X,"W")
3 FORMAT(1X,5X I3,5X,E15.8,5X E15.8)
END

e U e Ll VS I a USS ey Ly b 5oas J sl OV
:b_,..a.lh,.l:—l,‘.l.bl.iﬂ\ I R

y'=f(x,y,2)
Z'= g(x,y,z), y(xo)zo-ss Z(x()):zo
)| At
Wo=Xos So=2
W, =W, +%[k1 +2k,+2k, +£,]
5,=5, +é[£1 +20,+20,+4,]
:Dl«.f..:’-

kl =hf(xi’wf’si)’ ¢ =hg(xi5wf='si)

. A kL N
k,=hf(x, +—,w,+-2,5,+-1),¢, =hg(x, +—,w,+-1,5 +-2),
2 f( i 2 i 2 i 2) 2 g( i 2 i 2 i 2)
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h k. £ h k £
=hf(x,+—w,+-2 5, +-2) ¢, =hg(x, +—,w. +-=25 +-2
k3 f(x: 2’w1 2’S1 2)! 3 g(xr 2=wi 2’s1 2)5
k,=hf(x, +hw +ky,s,+£,),0, =hg(x, +hw +k;,s, +1,),

i=012,...... N-1

(v.\0) Jiza
: S 2 Looled) ¥kl ol

V'=—4y+3z+6,
2'=-24y+16z+3.6, y(x,)=2z(x)=0

.(V,\\)r.;‘)d_j»\.%l

AVAY) oBy J gl

Xt W Wi

0.0 0.0 0.0

0.1 0.538235 0.319626
0.2 0.968499 0.568782
03 1.31072 0.760733
0.4 1.58127 0.906321
0.5 1.79351 1.0144

QJUJS—G;JJLEUEUJPJAS&M.UJJ.l;JcAd#\BJLESJ
EWREER
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CRUNGE-KUTTA FOR SYSTEMS OF DIFFERENTIAL EQUATIONS
C************** 3 e 3 o o e ke e ok o o 3 e
C TO APPROXIMATE THE SOLUTION OF THE MTH-ORDER SYSTEM
OF FIRST-
ORDER INITIAL-VALUE PROBLEMS
Ur=F)T,ULU2,.. UM),J=12,. M
A <=T<=B, UJ(A)=ALPHA]J, J=1,2,. M
AT (N+1) EQUALLY SPACED NUMBERS IN THE INTERVAL [A B].
INPUT ENDPOINTS A B; NUMBER OF EQUATIONS M; INTIAL
CONDITIONS ALPHAL,.. ALPHAM; INTEGER N.
OUTPUT APPROXIMATIONS W] TO UJ(T) AT THE (N+1) VALUES
COFT.
CHARACTER NAME1*30,AA*1
INTEGER OUP,FLAG
LOGICAL OK
C CHANGE FUNCTIONF F1 AND F2 FOR A NEW PROBLEM
F1(T,X1,X2) = -4*X1+3*X2+6
F2(T,X1,X2) = -2 4*X1+1.6*¥X2+3.6
OPEN(UNIT=5,FILE="CON' ACCESS='"SEQUENTIAL)
OPEN(UNIT=6,FILE="CON',ACCESS='SEQUENTIAL")
C DEFINE FUNCTIONS F1... .FM
WRITE(6,*) 'This is the Runge-Kutta Method for systems with m=2"
WRITE(6,*) 'Have the functions F1 and F2 been defined?'
WRITE(6,*) Enter Y or N’
WRITE(6,*) '
READ(5,*) AA
IF(( AA .EQ.Y") .OR. ( AA .EQ. ")) THEN
OK = FALSE.
10 IF(OK) GOTO 11
WRITE(6,*) Tnput left and right endpoints separated by’
WRITE(6,*) 'blank'
WRITE(6,*) '
READ(5,%) A, B
IF (A.GE.B) THEN
WRITE(6,*) Left endpoint must be less'
WRITE(S,") ‘than right endpoint’'
ELSE
OK =.TRUE.
ENDIF
GOTO 10
11 OK= FALSE.

oXoRoEploloNe
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WRITEC(6,*) 'Input the two initial conditions.'
WRITE(6,*) '*
READ(5,*) ALPHA1, ALPHA2
IF (OK) GOTO 13
WRITEC(6,*) 'Input a positive integer for the number’
WRITE(6,*) 'of subintervals '
WRITE(6,*) "'
READ(5,*) N
IF (N .LE. 0) THEN
WRITE(6,*) Must be positive integer '
ELSE
OK = . TRUE.
ENDIF
GOTO 12
CONTINUE
ELSE
WRITE(6,*) 'The program will end so that the functions'
WRITE(6,*) F1 and F2 can be created '
OK = .FALSE.
ENDIF
IF(NOT.OK) GOTO 400
WRITE(6,*) 'Select output destination: '
WRITE(6,¥) . Screen'
WRITE(6,*) '2. Text file '
WRITE(6,*) 'Enter 1 or 2’
WRITE(6.,%)"'
READ(5,%¥) FLAG
IF (FLAG .EQ. 2 ) THEN
WRITE(6,*) 'Input the file name in the form -
WRITE(6,*) 'drive:name.cxt’
WRITE(6,*) 'with the name contained within quotes'
WRITE(6,*) 'as example: "A:QUTPUT.DTA"'
WRITE(6,%) '
READ(5,*) NAME1
OUP =3
OPEN(UNIT=0QUP FILE=NAMEIL,STATUS=NEW")
ELSE
OUP=6
ENDIF
WRITE(QUP,*) RUNGE-KUTTA METHOD FOR SYSTEMS'
WRITE(QUP,6)
FORMAT(12X,'t(i)',11X,'w1(i)', 1 LX,'w2(1)")
STEP 1
H=(B-A)/N
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110

400

Lot ¥ ataall (goualt Ji

T=A
STEP 2
WI1=ALPHA1
W2=ALPHA2
STEP 3
WRITE(OUP,1) T,W1,W2
STEP 4
DO 110 I=1,N
STEP 5
X11=H*F1(T,W1,W2)
X12=H*F2(T,W1,W2)
STEP 6
X21=H*FI(T+H/2,W1+X11/2,W2+X12/2)
X22=H*F2(T+H/2,W1+X11/2,W2+X12/2)
STEP 7
X31=H*F1(T+H/2,W1+X21/2,W2+X22/2)
X32=H*F2(T+H/2,W1+X21/2,W2+X22/2)
STEP 8
X41=H*F1(T+H,W1+X31,W2+X32)
X42=H*F2(T+H,W1+X31,W2+X32)
STEP 9
WI=W1HX11+2*X21+2*¥X31+X41)/6
W2=W2-HX12+2*X22+2¥X32+X42)/6
STEP 10
T=A+I*H
STEP 11
WRITE(OUP,1) T,W1,W2
CONTINUE
STEP 12
CLOSE(UNIT=5)
CLOSE(UNIT=OUP)
IF(OUP.NE.6) CLOSE(UNIT=6)
STOP
FORMAT(3(1X,E15.8))
END

CARMD

2 Judl Lol coylald rU&J J=
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y1:2y_x

2

¥4
— 2Y
zZ+Xx

z ,  y(0.5)=2(0.5)=1

J}-I
JJ.L:L,JL_'gL.'ﬂ_,\_,.xllébﬂlé&&d@\jl@)\yUﬁ—éJJ%ﬁ

(VYD ‘J )
AVAY) BBy J gt

Xy W S

0.5 1 1

0.6 1.15002 1.3301

0.7 1.30011 1.2655

0.8 1.45034 1.39763

0.9 1.60073 1.52951

10 1.75128 1.6612

AR e

s Rl ladl! Uslall o (3 L3N A3 01 e U oS — i g Lty ksl = )
y=x*+)’, y@=-L h=01

=1=1‘5‘uﬁ"U’L’MJ"L}@‘j‘@j‘ytﬁ—é”udhrr- |y
y=y—x, y0)=2, h=02

CJ}'JL’L“r&&é%\)!“j‘wbﬁ—ejjayrm1 -y
2 4Ll
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Y'=y+2z,
z'=3y+2z wW0)=6, z(0)=4, h=002

i e dazas LgY suot g 5 kit cold oo Lalud! G ot of L3
6JLQ.AJEJJJAQ“,BO!J‘GJL&M&!MOQJ LHSJ}\J
tlgte Sy ¢ el 35 ot

Adams-Boshforth two steps od gt O3 &y ghlly— ;007 4y b —
Wo =2, W =

w,-+1=wi+§[3f(x,«,w,-)—f(x,-_l,w,-_l)], i=12,..,N—1

15 )
Ey (ﬂ:’)ha: Jui € (x,'_lzw,'+1) § ‘;’v.ﬂ‘,n t%ﬁ“ Ud.&-

Adams-Boshforth three steps < g SO Cld &y gl 3007 38y o — ¥
Wo=a, W=q, W,=0,,

Wi =W, +%[23f (x,w,) =16 f (x4, W) +5 (%5, W, 0)],

i=23,....,N-1
3
§y(4) (ﬂi)hsuui € (xx‘—Zawm) S w}‘ Cwm s

Adams-Boshforth four steps ! g5 a1 S &y ghaly— a3 ddy b ¥

Wo=Q, W, =04, W,=0,, W;=0,
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Wi =W, + %[sz(xi)wi) =59 f (%1, W, 1) +37 f (x5, W, )
—9f (x‘-zawf—3)]=

i=34,....,N-1
= O, e(x_,,w,,) 2 4 pUazi ¥yt Uas
720y H; > M i-32 il J‘W t_

Adams-Boshforth five steps <) ylas ‘.,naj-\ S QJ_,.EAQ—J.-:T iy b —¢

W, =C, W =qa, W,=0, W,=0, W,=a,
W, =W, +%[1901f(x,.,w,.)—2774f(x,.d,w,.1)+2616f(x,.*2,w,.2)
—1274f(x, 3, W, 5)+251f(x_,,w,_,)],
i=456,..,N-1

ﬁy(s) (Au;')hsa K E (x'—39wf+]_) o WJ.‘.'I CUa:iyl ey

Adams-Moulton two steps o ghad-} <13 O g g0 — 3087 3y )b —0
W =0a, W, =¢

h
L W, T E[l Sf (xi+17wi+1) + 8f ‘(xi)wi) i f (xf—lz Wi )]:

£
22 IR 41, € (51 W) 9o orio sl ¥ s
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Adams-Moulton three steps < ghas SOl i3 O o g 3057 48 b -1
Wo=a, W =a, W,=a,,
W, =W, +%[9f(x,.ﬂ,w,.+1)+19f(x,.,w,.)—5f(x,.l,wH)
+ (X2 W)l

19
oY IR 1 € (5, W) 5 oo ) e s

Adams-Moulton four steps <! sas a4 S O3 O ge— a7 Ay b -V
W, =&, W, =aq, W,=0, W,=4a,,

W =W+ 251150 W) + A6 (3 )~ 264 (5,1, ¥,)

+13

+1 Of(x,-_3, L )]:

27
160

y(s)(ﬂi)hs:ﬂi € (-x,'_s, w,-+1) g ‘t,-‘-b"l'l tUn:S‘.\” s

V.8) g

: il \adl

y=y—x*+1, ¥0)=05 h=02 0<x<2
g Bl o8 puinidl D JS 3



O 7580 Baly (gl Joboul (3 Ronkia YYs
Ablall b 3 et ool pladt o O g go — 5T 4 d b susiz il ¥
FRWIP)

y=y-x*+1, ¥0)=05 h=02 0<x<2
A S 0 ptzad Ul JS 3

kiUl Alabalt o (3 ) 58l = 5007 51,5 par ol =¥
y‘=x2+y2, ¥2)=-1 h=01

.%émlcgrw- T~ S 3
sl Ul Asladd Jo (3 )l — 503l B mpan Sl - &
y=y—x, y0)=2, h=02

i SN (08 pubbitaal Pl S 3



