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Instruction of Matlab

m Exercise 1: Consider the differential equation

d?y dy
— 3— 2y = 0
a2 Ta YT
Set y(0) = 10, &) — 9 Write Matlab programs to solve the

equation numerlcally

1. Use the Euler method.

2. Use the Runge-Kutta method.

3. The differential equation can be solved analytically. Obtain the
analytical solution.

Compare the three solutions by plotting y(¢) and Zi{, forO<t<4ina
single figure. What conclusions can you draw?
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Euler Method

m For Euler Method, stepsize=h

i(fn+l) — i(fn) + i(frr-i(fn))h

+
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‘ Euler Method

% BEuler Znd order.m
tConverts a second-order ODE into a system of 2 first order ODEs
tthen solves them using the Euler's method & plots solution

clc;clear;

ti=0 ; tinitial time

tf=4 ; tfinal time

y0=[10 -2]; $initial wvalues wvector: [v(0) v'(0)]
N=30 ; tnumber of steps

5 y(:,2)=y', v(:,1)=vy, y2' = y" = -3y2 - 2yl
f=0(t,y) ([y(:,2); =3*y(:,2)-2*y(:,1)]):

a

h=(tf-ti)/N; t = zeros(N+1l,1) ; % preallocation
Y

= zeros (N+1,2); 3 preallocation
t(l) = ti ; % initial wvalues in array t
y(l,:) = yv0."' ; £ initial wvalues in matrix y
for i=1:N
s = feval (f,t(i),v(i,:)); T evaluate slope s = f(t,vy)
y(i+l,:) = y(i,:) + h*s'; %Euler's formula (in matrix form)
t(i+l) = t(i) + h ;
end
disp (' t y (t) dy (t)/dt")
[t,v] % Table with columns for t, v, y'

plot(t,vy); legend('v(t)','dy/dt'),;grid on; xlabel('t'); vylabel('y(t)"');
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Euler Method

10
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Runge-Kutta Method

m For Runge-Kutta Method,

+

ko1 + 2K,0+ 2K,3 + K
‘.—r“”‘H) - l{fn) + h (—”l —n2 —=nJ3 —n-l)

6

where
Enl — f(f,,...i'_'[f,,)).

E”E - I(fn + hfiz i“”) + (hfz)ﬁnl)‘
kns = i(fn + hflz £“n) + (h;{?]ﬁui)

Eu-l — i(fu + h*i(f”) + hﬁu:i)'
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