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Reference: 

1. Introduction to MATLAB 6 for Engineers with 6.5 Update with Additional Topics in Animation, Graphics, and Simulink  by William J Palm III and William Palm
2.  RC circuit solved with MATLAB ODE15s 
3.  Example with MATLAB ODE15s Solver 
Let the second order differential equation be that of the oscillator

    d 2y /dt 2  = -(k/m) y                                                            (1)

Choose initial conditions y(0)=1 m  , v(0)= (dy/dt)0 =0.

To use MATLAB ODE15s ,one obtains  two first order DE  from eq(1).

In general an n- order DE has to be transformed into  n- first oder DE.

The  correspondence between the original y variables and the new x variables is

                                x(1) = y                                                    (2)
                                x(2) = dy/dt   = xdot(1)

                                x(3) = d2 y/dt2 = xdot(2)

                                ......

                                x(n) = dn-1 y/dtn-1 = xdot(n-1)

For the present example the set of two first order differentail equations is

  xdot(1)  = x(2)                                                          (3)

 xdot(2)  = -(k/m) * x(1)

 First create a file oscillator.m
 where the derivatives are defined. This goes in a separate file.
We also include global parameters k and m which will be assigned numerical values when running oscillatorrun.m
For example,

function xdot=oscillator(t,x)

% example page 463 Matlab manual

% y''= -(k/m)*y   ,let % x(1)=y

%xdot(1)=y'  , x(2)=y' ,xdot(2)=y''

global k  m; 

xdot(1)=x(2);

xdot(2)=-(k/m)*x(1);

xdot=[xdot(1);xdot(2)];

Now in a different file , oscillatorrun.m the MATLAB solver ODE15s is invoked.Tha time span of the integration is [0 7*tscale] and the initial conditions x0=1 , v0=0 are given in [1 0] at the end of the command.

% oscillator run

global k m;

k=1;m=1; tscale=(m/k)^.5;

[t,x]=ode15s('oscillator',[0 7*tscale],[1 0] );

plot(t,x),xlabel('t~sec'),ylabel('x0=1 ,v0=0')

Plot of position and velocity.
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