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In this tutorial, you will build MATLAB codes for obtaining numerical solutions to ordinary
differential equations (ODEs). Here are the steps:

1. Build a user defined function which contains the equation of the ODEs.

2. Use MATLAB ODE solvers such as ode45, ode15s.

Each step is outlined on this tutorial below.

User Defined Functions

There will be occasions when you will need to define your own specialized functions which are not
already built into MATLAB. You do this by using a special kind of ”function” m-file. As with
standard functions like sin(x), a function m-file accepts input arguments and returns outputs.
??An example function m-file is given below. It accepts the input argument x and returns y =
fun(x).

1. Use the script file editor on Matlab to create a new file that contains the following lines.
Save the code in your working directory under fun.m.

function y = fun(x)

a = pi/180;

y = 3*cos(x*a) 1;

Note that the first line contains the key word function and describes inputs and outputs.
The output value must be assigned within the code to the variable y which appears before
the equals sign on the first line of the file. The m-file must be given the same name as the
function, namely fun.m.

2. In MATLAB, switch to the directory where you save the file so MATLAB can read your
function. For example, if you save in the Desktop folder, then type on the MATLAB
command window

cd ~/Desktop

3. You can now use fun like any other MATLAB function. You can evaluate it and do
computations with it, e.g.
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fun(45) % evaluate fun at x=45

z=30;

a = fun(z) + 8

You can also plot it like any other inbuilt functions:

x = -10:0.5:20;

y = fun(x);

plot(x,y)

Note here both input and output variables can be vectors.

You can also define functions that take inputs of more than one variable. Output can
likewise be more than one variables.

EXERCISE 1

(a) Build a MATLAB function that takes in two input variables t and y and assign it to z = ty+t.
Allow for the inputs t and y to be vectors (they will have the same length), so the output z
will also be a vector. Call your function funz and save it as funz.m.

(b) Evaluate your new function funz at y = 1 and t = 5. You should get an output of 10

(c) Evaluate your function using

t = 0:0.1:5;

y = sin(t);

z = funz(t,y);

plot(t,z)

Numerical ODE Solvers

Matlab has a number of different ODE solvers such as:

• ode45 - Uses simultaneously fourth and fifth order RK formulas to make error estimates
and adjust the time step accordingly. MATLAB recommends that ode45 is used as
a first solver for a problem. Use for nonstiff ODEs.

• ode23 - Uses simultaneously second and third order Runge Kutta formulas to make esti-
mates of the error, and calculate the time step size. Since the second and third order RK
require less steps, ode23 is less expensive in terms of computation demands than ode45,
but is also lower order. Use for nonstiff ODEs.

• ode113 - Uses variable-order Adams-Bashforth-Moulton solver. For problems with strin-
gent error tolerances or for solving computationally intensive problems. Use for nonstiff
ODEs.
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• Stiff ODEs are those that are numerically unstable so small time-steps are needed. You
can usually tell if your ODE system is stiff if ode45 takes a long time.
ode15s is a good first try for solving stiff systems. Other alternatives include ode23s,
ode23t, ode23tb.

For more information on using a particular solver, just use help e.g. type help ode45 on the
command window.

EXAMPLE 1

Lets use the function you wrote earlier to solve the following ode
dy

dt
= ty + t with the initial

condition y(0) = 0.5. Note that the function funz from EXERCISE 1 contains the function on
the right hand side of the differential equation. To solve the ode, type

[t,y] = ode45(@funz, [0:0.1:5], 0.5);

plot(t,y), xlabel(time), ylabel(y(t))

The commands [t,y] = ode45(@funz, [0:0.1:5], 0.5) can be broken down as follows:

• the output is [t, y] this defines the solution. We have the values of y at each values of t

• @funz tells MATLAB which function defines the differential equation

• [0 : 0.1 : 5] tells MATLAB to give solution to the differential equation within this time
frame. You can also just input the start and end point eg. [0, 5]

• 0.5 is the initial values. If you have a system of equations, you input the initial condition
as a vector.

EXAMPLE 2 - Predator Prey Let’s solve the following predator-prey system where x is the
population size of preys, and y predators.

dx

dt
= −βxy + x,

dy

dt
= βxy − αy

Write and save the following function first,

function dzdt = predator_prey(t,z)

% predator prey differential equation

% the input is time t, and the variables x and y contain in vector z

% the output is a vector dzdt containing dxdt and dydt

beta = 0.4; %predator birth rate per prey eaten

alpha = 0.3; %predator death rate

x = z(1);

y = z(2);

dxdt = -beta*x.*y + x;

dydt = beta*x.*y alpha*y;

dzdt = [dxdt; dydt];
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Then, from the MATLAB command line, type

[t, z] = ode45(@predator_prey, [0 50], [0.1, 0.6]);

Here we are using x(0) = 0.1 and y(0) = 0.6 for initial conditions, and solving from t = 0 to 50.
You can plot the solutions too

plot(t,z(:,1),’r’, t,z(:,2),’b’) % x is z(1) and y is z(2)

legend(’x’,’y’), xlabel(’time’)

EXERCISE 2
Use ode23 to solve the following system then plot x, y, z over time

dx

dt
= 2x+ y + 5z + exp(−2t)

dy

dt
= −3z − 2y − 8z + 2 exp(−2t) − cos(3t)

dz

dt
= 3x+ 3y + 2z + cos(3t)

Use the initial conditions x(0) = 1, y(0) = −1, z(0) = 0 and solve in the interval 0 ≤ t ≤ π/2.
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