Numerical Methodsfor Solving Differential Equations
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B Please briefly illustrate the Euler’s Method for Solving Differential Equations.
( http://calculuslab.deltacollege.edw/ODE/7-C-2/7-C-2-h.html , Home Page: http://calculuslab.deltacollege.edw/ )
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Euler’s Method: The procedure of using successive “tangent lines”.

y‘:f(X,y) yn+1:yn+h'f(xnlyn)

B Consider the initial-value problem y+3y=5 y(0)=1. Use Euler’s method to obtain an
approximation to y(1) using step size h=0.5

dy
Sol. (1) a| (t=0,y(0)) — (5_ 3Y)| (t=0,y(0)) — (5_ 3‘1) =2
dy .
# y(0.5) = y(0)+ 05 E| ooy =1+0.5%2=2
2 4 5
[ Actua Vaue: y(0.5) = (—ge +§)|t=0_5 = 1.5179]
dy
(2) E| (t=05,y(05)) — (5_ 3Y)| (t=05,y(05) — (5_ 3 2) =-1
dy .
iy =y(05) + 0'5'E| (05405 = 2+05% (-1 =15

[Actua Vaue: y(l) = (—§e3t +§)| . = 1.6335]

B EHFY] Euler’sMethod - # 5 Matlab 7=V i% y'+3y =5, y(0)=2 (HjH 0<=t<=4)-
euler1.m
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clear;
% initial condition
X0 =0;
Xmax = 4;
h=0.25;
% fat T
n = (xmax-x0)/h;
fori=1:1:n+1
if i ==
x(i) = x0;
y(i) =Y0;
else
X(i) = x0+(i-1)*h;
% function  yd=f(x,y)
y(i) = y(i-1) + h*yd(x(i-1),y(i-1));
end
end
% HEEf
x1 = x0:(xmax-x0)/300:xmakx;
y1 = ytrue(x1);

figure;
grid on;
axis([Oxmax 1.4 24)]);
xlabel ('x); ylabel('y’);
title('Euler Method : h = 0.25";
gtext( i 7 1);

%
plot(x, y, -, X1, y1);

yd.m

function fxy=yd(x,y);
fxy=-3*y+5;
%  fxy=-2*x./3+12*x."2-20*x+8.5;
%  fxy=sin(2*x)-tan(x)*y;
%  fxy=sin(x).ly;
%  fxy=2*x+y;

ytrue.m

function fx=ytrue(x);
fx= (1/3)*exp(-3*x)+(5/3);

% fX=-0.5*x.M+4*x "3-10*X.~2+8.5* X +1,

%  fx=-2*cog(x).* cos(x)+3* cos(x);
%  fx=0.5*exp(1)*exp(-cos(x));
%  fx=0.75*x."3-0.75*x."-1;

gtext(“8/ FEf);

Euler Method : h = 0.25
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Please briefly illustrate the Heun's M ethod ( I mproved Euler’sMethod ) for Solving Differential

Equations.

( http://calculuslab.deltacollege.edu/ODE/7-C-2/7-C-2-h.html )

Euler’s Method has serious error accumulation for some problems! Heun's Method try to improve
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[Fl ifR 2] < £ Average of An and Bn = (An+Bn)/2]
Note: 1. 23 <2 RK2 method. (RK ‘2’ : Second Order Method, [ Ry {ft#] =)

B EHF]"] Heun'sMethod - £y Matlab A4V y'+3y =5, y(0)=2 (HE 0<=t<=4)-

heun.m

%  heun
% initial condition
clear;
x0=0; y0 =2,
Xmax = 4; h=0.25;
% fhat T
n = (xmax-x0)/h;
for j=1:1:n+1;
X(j) =x0 + (j-1)*h;
end
y(1) = y0;
fori=1:1:n
% function
y_star(i) = (i) + h*yd(x(i), y(i));
y1 = yd(x(i), y(i));
y2 = yd(x(i+1),y_star(i));
y(i+1) = y(i) + 0.5*h*(yl +y2);

en
% WA (1))



Heun Method : h = 0.25
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Please describe “A Second-Order Runge-Kutta Method.” [Euler’s Method is said to be a
first-order Runge-Kutta method] (! E’(ﬁrjﬁ Heun'sMethod » =1 ETRL RK2 ™" o Ek[F=3
2R Heun's Method » [FIBRRLFR] ™ R ]S pURLAISREY REET PR 1)

y =f(xy)
k,=f(x,,y,) and k,=f(x,+0.75-h, y,+0.75-h-k;)
1.k +2-k,
Yna = Yo +h- (—)

#4F["] A Second-Order Runge-Kutta Method » £ #{ Matlab #d="i# y'+3y =5, y(0)=2 (¥
Tt O<=t<=4)-

rk2.m

Qo R L T
cleg';?:

% initial condition
x0=0; y0 =2,
xmax =4; h=0.25;
% fH& &
FL xm:fxT x0)/h;
for i= 1 1 n+1
X(i) =x0 + (i-1)*h;
end
y(1) =0
fori=1:1:n;
k1 = yd(x(i),y(i));
k2 = yd(x(i) + 0.75*h,y(i) + 0.75* h*k1);
y(i+1) = y(i) + h*(k1/3 + 2*k2/3);
end

% FEEfR(EAEY (1) P )
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| Please describe the Fourth-Order Runge-Kutta Method.
y =f(xy)
ki =f(x,,Y,)
k, = f(x,+0.5h,y, +0.5h-k,) k, = f(x,+0.5h,y, +0.5h-k,)
k,=f(x,+hy,+h-k;)
1.k +2-k,+2-k;+1-k,
5 )
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m EEF M A Fourth-Order Runge-Kutta Method ( RK4 ) - £ H Matlab #d =4 i
y+3y=5 y(0) =2 (¥ 0<=t<=4)- [the RK3 method isomitted! ]

rk4.m

% R PR
Cleg;?f

% initial condition
X0 =0; y0 =2,
xmax =4, h=0.25
% fhat T
n = (xmax-x0)/h;
fori=1:1:n+1
X(i) =x0 + (i-1)*h;
end
y(1) = y0;
fori=1:1:n;
k1 = yd(x(i), y(i));
k2 = yd(x(i) + 0.5%h, y(i) + 0.5*h*k1);
k3 =yd(x(i) + 0.5%h, y(i) + 0.5*h*k2);
k4 = yd(x(i) + h, y(i) + h*k3);
y(i+1) = y(i) + h* (k1 + 2¢k2 + 2*k3 + k4)/6;

end
x1 = x0:(xmax-x0)/300:xmax; % R (HE5Y
y1 = ytrue(x1);
%
plot(x,y,-+',x1,y1,-"; grid on;
axis([0 xmax 1.4 2.4]);
xlabel (X); ylabel('y’);

title(P IR, - 3% T h=0.25);
gtext('fif 7 f1"); gtext("#fFE");
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