SLEGHOMBOBOIOL 5dM(356900L I MO / 9305 7 / s, 193Dady 1
©O0g9IM96E0sMGO 456EMEgdgd0: goggMmols dgmmoo
Lofyolo/Lalisbez®m 3603369 mdols sdm3sbs:
v =flz.y);  y(zo) = vo.
"
51y (X
y(zn + h) = y(zn) + hy/(z,) + (2 ) :
Y(zn + h) = y(zn) + hy'(z2).
Ynt+1 = Yn + hyp .
’
Un = [(Tz,Un),
Yntl = Yn T+ hf(In: yn)-
J585¢m000:
SRIC20000 T Euler(z) | Exact(z)
'_ 0 0.00 1.00000 1.00000
Bimemgds: y = 0.5y 0.05| 1.02500 | 1.02532
OPPOBEE 0.10 | 1.05063 | 1.05127
y(:c) — oZ/2 0.15 1.07689 1.07788
3B5¢0BY)M0 59mbsblbo: - 0.20 1.10381 1.10517
0.25 1.13141 1.13315
B ; Un ; ; ;
@OL3M9EHO Bodermbo: Untl = Un T 1? 1.00 1.63862 1.64872
h— 2.00 2.68506 2.71828
= (1 + —) Yn - 3.00 4.39979 4.48169
2 : : :
5.00 | 11.81372 | 12.18249
10.00 | 139.56389 | 148.41316
) _ )
Tangent Line 51 -
_———_ Solution, y(¢) 10 L
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39mM9 (s 3305¢0) Mool OG. 56EMMgdgd0: JoEgMol IgomEOo

y"' = f(z,y) .
53bToMY (339 GO0:
Zl =1y
Zo=vy

306390 030l oG 356GHMEgdg00L LobEgds:

s = f(x,Z,)
1 =23

90 9M0L BMEOIMEOoMIOS (,05MT0MYdS):

ZS—H =2y + hf(xn, Z7)
Zyt =77 + hZy

N 6020l ©0g. 456GHMEgds:
N ©s3b3569 33¢05000 s N B3390 3060390 H0Qol OG. 4obGHM@gds.
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Predictor-Corrector dgo>m©0
(399960L dgmmeo)

v = f(t,y), ylto) = yo,

1. Predict: Yiv1 = Ui + h’f(tt'! yt')'
Yier = Yi + sh(F(ti,5:) + f(fivr Bisr))-

2. Correct:

§o60mg0ol Fobslifo®agEyzgwgds s ,dgbHmMgds“:  abMOL 3MmbOoL golivdwmocmgds.
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Predictor Corrector

dgmMg Mool predictor-corrector 3gmMO.

QIHOOL 3MPboL FgLogsLgds© Tgbodegdger0s dg@o IgHBmdIEo FaMEGH0WOL godmygbgds.
D950 n HgMEHOEoL 5dmygbgdolsls 3633Mdm, HMAI oL ZMEHWo bdgds n MHOFOLSS.

35500m9: ®9bgq 3MEL 3slogMo Bggds (the Runge-Kutta method “RK4”):

Ynt+1 = (-'i‘:l + 2ko + 2k; + ky) = f(fn..yﬂ,)

l"1-":.+1. - f‘ﬂ + h’ = f( 1yﬂ hkl)a
- f( 1yﬂ- hk?)]
= f(tn +h Yn + hk3).
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296Bmas0Mgdmmo GMbag-3&s Bggdgdo

il
d—f = f(t,y)

Unt1 = Yn + hzbzka
i=1
boQs(3:

ki =f | ta +chyyn + 1> ajk;

i=1
Cij - 369d0E™M900L M5m©gbmds (s doxo) h 06@ 963500l dogboo.

aij , b, C 3565993690 3s6lsbEgHagl dBsBIGOL GbGOwo (Butcher tablear):  ©1 | G111z .- lis
Cz |21 Qg2 ... O3
59 3bOowob 89939Mmd0m glsdergdgeros MHbAg-379Ee 890Mm©OL
803109 ©939096GYo bafigo.
Cs | flg1 gz ... flgg

by by ... b

056960l 3OOl 25dmygbgdom dga30dw0s dm3ergo Rsghgdmo 339 gobbowemo oliztg@mwo
bd9d9d0:

306390 H0yoL (90w gmols gmmo):
010
1

D50 dgmMg Mool dgoMO:

0 0 0
T T ()
-2 2

2 2z
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639-399G9L IgLsdg Mool Igmmeo:

0ol 0 0 0

1/2|11/2 0 0

1 |-1 2 0
1/6 2/3 1/6

303L03MM0 MHMby9-39@L dgmmbg GHogols dgommo:

olo o0 0 0
1/2(1/2 0 0 0
/21 0 1/2 0 0

1 0 0 1 0
1/6 1/3 1/3 1/6

3/8 ®oyob dgmmeo (Kutta 1901):

0ol 0 0 0
/3| 1/3 0 0
2/3|-1/3 1 0

0
0

0

1| 1 -1 1 0
1/8 3/8 3/8 1/8
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©oL3M9ANMEo Bggdol BoJuoMmgdmo LOBMLEY: SI3EHMMO dOXO

y:;+1: yn+hzb:ki:

i=1

3OMA0E9ds:
€n+l = Ynt1 — Ypi1 = hZ(b‘é — b ) ki,
i=1

3Mdogdol Im3gdmero Lowoy: tol

ei>tol 1 Boxol asbsbgz®gds//60a0l dmdsdgds: RK4->RK5
gi<tol: 89990 doXO;

€1 |11 12 (1
Co | o1 oo Iog
Cg | g1 g leg
by by bs
* * *
1 b? bs

MM 39b-3600b3ol Igommeo (MATLAB ODE45):

0

1/5 |1/5

3/10(3/40 9/40

4/5 |44/45 —56/15 32/9

8/9 [19372/6561 —25360/2187 64448/6561 —212/729

1 [9017/3168 —355/33 46732/5247 49/176  —5103/18656

1 |35/384 0 500/1113  125/192 -2187/6784 11/84
5179/57600 0 7571/16695 393/640 —92097/339200 187/2100 1/40
35/384 0 500/1113 125/192 -2187/6784 11/84 0
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MATLAB ODE

[T,Y] = solver(odefun,tspan,y0,options)

solvers: ode23, ode45, odell3, odelbs, ode23s, ode23t

odefun:

tspan:

yO:

options:

function_name.m

time vector

initial

conditions

relative tolerance, absolute tolerance;

353 500L BEBHIBIOEHMEo LrmeggMgdo:

Solver | Problem Order of When to Use
Type Accuracy
I
ode45 Nonstiff Medium Most of the time. This should be the first solver you try.
1
ode23 Nonstiff Low For problems with crude error tolerances or for solving moderately stiff
problems.
1
odell3 | Nonstiff Low to high For problems with stringent error tolerances or for solving computationally
intensive problems.
I
odel5s | stiff Low to medium If ode45 is slow because the problem is stiff.
I
ode23s | stiff Low If using crude error tolerances to solve stiff systems and the mass matrix is
constant.
1
ode23t |Moderately Low For moderately stiff problems if you need a solution without numerical
Stiff damping.
I
ode23tb | Stiff Low If using crude error tolerances to solve stiff systems.
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3595¢0m0:

d/dt y(t) = sin(t) - y(t);
y(0) =1,

ode_egs.m

function dy = ode_eqs(t,y);

dy = sin(t) — y;

marn.m

t0 = 0;
tfFin=15;

NSTEPS = 100;

for J=1:NSTEPS
tspan(jJ)= tO0 + (g-1)*(tfinal-t0)/(NSTEPS-1);
end

options = odeset('RelTol',1le-5, 'AbsTol',1e-7);
yo = 1;

[t,y] = oded45(@ode_egs,tspan,y0,options);

figure(l);
plot(t,y);
xlabel ('t);

ylabel(Cy");
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om0 Gopol B3gMegd®og Fomamgdwerosbo gsb@mengds:

y?7(t) = -2*pi"2*sin™2(t)*y(t)

yl =y
y2 =y’
yl® = y2;

y27(t) = -2*pi"2*sin(t)"2*yl;

oden_eqgs.m

function dy = oden_eqs(t,y);
dy = ones(2,1);

dy(1) = y(2);
dy(2) 2*piN2*sin(t)"2*y(1);

marn.m

t0 = 0;
tfinal=2;
NSTEPS = 100;

yl

0;
y2 1;

for J=1:NSTEPS
tspan(jJ)= tO0 + (g-1)*(tfinal-t0)/(NSTEPS-1);
end

options = odeset('RelTol',le-5, 'AbsTol',1le-7);
init = [yl,y2];

[t,y] = ode45(@oden_eqs,tspan, init,options);

Al
A2

y(:,1);
y(:,2);

figure(l);

plot(t,Al);
xlabel ('t);
ylabel(y");
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10

€0535¢mgdd:

1. 53mblgboom 4-9 Hoa0l 0q. 256¢ M90S OHMom 0bEgM3z5¢0do (0-100) 9390 Lafigolo
306dd0m:

521111 + 42111 + 32” + 22’ + zZ = Sin(t)

z(0) =0
z>(0) = 10
z77(0) = 20
z>77(0) = 30

2. 03m390 m®9bi30L 5GHMJGHMMOL 5MbsblboL GGMogdEHm®os 0-50 Mmoo 0bEgmzswdo
bbgoolibgs (9dbgg30m0) LoHgolo 30MHMdgdOLsMZ0L:

x*(t) = 10(y-x)
y’(©) = x(28-2) -y
z7(b) Xy — 2.7*z

Lofigobo 306Mmdgd0:
x(0) 5*rand;
y(0) 5*rand;
z(0) 5*rand;

3. 50mbligbom 39 d3me 3oL gob@Emegds Lobsbrgmm JoMmdoom B,(0)=1:

1d / dB, .
———(r ‘*):)@Bz

rdr dr

Qo

) A20) =2

1+1r2

2)  Alog(A) =1+712



