Using MATLAB for Laplace Transforms
You can compute Laplace transform using the symbolic toolbox of MATLAB. MATLAB forms Laplace transform symbolically. Thus, you need to first define the variable t as a "symbol".

SYMS Command

Whenever you want to use symbolic mathematics, you must use the syms operator to alert MATLAB that you are using a symbolic variable, and that it does not have a specific value
Example 1.

Solution:

>> syms t

>> f=5*exp(-2*t);

>> L=laplace(f)
           L= 

          5/(s+2)
Differentiation Command
MATLAB can find the derivative of symbolic expressions. Diff() command is used t find the derivative. Higher derivatives can also be found easily. Third argument tell that’s which derivative Is to find (1 ,2 ,3). These derivatives can be evaluated for arbitary values of the independent variable.
Example 2.
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Solution:

>>Y=sym(‘y’);
>>Diff-y=Diff(Y,t,2);
>>Lap=laplace(Diff-y)
Matlab result:

ans =

12*s*(s*laplace(y(t),t,s)-y(0))-12*D(y)(0)
where y(0) is the initial condition.

Example 3.
Find the inverse Laplace transform of
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>>ilaplace(1/s-2/(s+4)+1/(s+5))

Matlab result:

ans =

1-2*exp(-4*t)+exp(-5*t)
                Introduction to Simulink
Simulink (Simulation and Link) is an extension of MATLAB by Mathworks Inc.
Simulink is a software package for modeling, simulating, and analyzing dynamical systems. It supports linear and nonlinear systems, modeled in continuous time, sampled time, or a hybrid of the two. Systems can also be multirate, i.e., have different parts that are sampled or updated at different rates.
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        A first order system is one that is governed by a differential equation that consists of only a variable and its first derivative.  
From the free body diagram we were able to extract the following governing equation:
                                                f(t) - m v' - b v = 0  

Laplace transform:
                                              [ms + b]V(s) = F(s)

The transfer function is defined as the output Laplace function over the input Laplace function, so the transfer function of this first order system is:

                                           V(s)/F(s) = 1/[ms+b]
HOW TO INPUT THE TRANSFER FUNCTION INTO MATLAB 

>> m = 2;
>> b = 5;
>> k = 3;
>> num = [ 1 ];
>> den = [ m b k ];
>> tutorial_tf = tf(num, den)
MATLAB will assign the transfer function under the name tutorial_tf, and output the following:
Transfer function:
       1
---------------
2 s^2 + 5 s + 3
STEP RESPONSE USING THE TRANSFER FUNCTION

Once the transfer function is entered into MATLAB it is easy to calculate the response to a step input.  To calculate the response to a unit step input, use:
 step(transferfunction)
where transferfunction is the name of the transfer function of the system.
For steps with magnitude other than one, calculate the step response using:
step(u * transferfunction)
where u is the magnitude of the step and  transferfunction is the name of the transfer function of the system.
To find the unit step response:
>>step(tutorial_tf)                                            [image: image4.png]ampitude
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To find the step response when u = 4:
>> u = 4;
>> step(u * tutorial_tf)
The MATLAB output will be the following plot of the step response:
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IMPULSE RESPONSE USING THE TRANSFER FUNCTION
MATLAB can also plot the impulse response of a transfer function.  Because the transfer function is in the form of output over input, the transfer function must be multiplied by the magnitude of the impulse.  The syntax for plotting the impulse response is:  
impulse(u * transferfunction) 
where u is the magnitude of the impulse and  transferfunction is the name of the transfer function of the system.
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RUNNING THE MODEL
Many useful analyses of the model can be done using Simulink.  Before the model can be run, values for the variables used in the model must be defined.

>> m = 20000; 
>> b = 500;
 To run the simulation, click Simulation in the tool bar and select Start,or equivalently hit Ctrl+T on the keyboard, or click the [image: image9.jpg]


button on the tool bar. 
OBTAINING THE MATLAB MODEL
MATLAB can extract the matricies of a state space representation of a Simulink model by using the linmod command.
The syntax for the linmod function is:
>> [ A, B, C, D ] = linmod('system')
where A, B, C, and D are from the standard vector-matrix form of a state space model and system is the name of the Simulink model.
