
Matlab for System Modeling 
 

• Laplace and Inverse Laplace Transform  
 

𝑓𝑓(𝑡𝑡) = 𝑒𝑒−3𝑡𝑡cos 𝜋𝜋𝑡𝑡 

syms s t                    % Define s and t as symbol variables 
f=exp(-3*t)*cos(pi*t);      % Write an expression for f(t) 
F=laplace(f)                % Perform Laplace Transform 
  
F = 
  

  (s + 3)/((s + 3)^2 + pi^2) 
 
 
 

𝐹𝐹(𝑠𝑠) =
5(𝑠𝑠 + 2)

𝑠𝑠2(𝑠𝑠 + 1)(𝑠𝑠 + 3)
 

 
  syms s t                  % Define s and t as symbol variables 
  F=(5*(s+2))/(s^2*(s+1)*(s+2));  % Write an expression for F(s) 
  f=ilaplace(F)                    % Perform Laplace Transform 
   
  f = 
  
  5*t + 5*exp(-t) – 5 
 
 
 
 

• Partial Fraction Expansion 
 

𝐹𝐹(𝑠𝑠) =
2𝑠𝑠2 + 4𝑠𝑠 + 5
𝑠𝑠(𝑠𝑠 + 1)

=  
2𝑠𝑠2 + 4𝑠𝑠 + 5

𝑠𝑠2 + 𝑠𝑠
 

 
  a=[2 4 5];     % Coefficients of numerator 
  b=[1 1 0];    % Coefficients of denominator 
  [r,p,k]=residue(a,b)  % Function that performs PFE 
 
  r = 
 
    -3 
     5 
 
 
  p = 
 
    -1 
     0 
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  k = 
 
     2 
     
This corresponds to : 𝐹𝐹(𝑠𝑠) = 2 + −3

𝑠𝑠+1
+ 5

𝑠𝑠
 

 
• Solving a Linear Ordinary Differential Equation using Laplace in Matlab 

 
syms s t Y                 % Define s t and Y as symbols 
f=exp(-t)+5*dirac(t-2);    % Define the RHS of the equation 
F=laplace(f);             % Take the Laplace transform of the RHS 
Y1=s*Y;                    % Laplace of y'(t) 
Y2=s^2*Y;                  % Laplace of y''(t) 
sol=solve(Y2+2*Y1+2*Y-F,Y) % Solve the equation 
  
sol = 
  
(5*exp(-2*s) + 1/(s + 1))/(s^2 + 2*s + 2) 
  
y=ilaplace(sol)          % Take the inverse Laplace of the solution 
  
y = 
  
exp(-t) - exp(-t)*cos(t) + 5*heaviside(t - 2)*sin(t - 2)*exp(2 - t) 
 
Solution: 𝑦𝑦(𝑡𝑡) = 𝑒𝑒−𝑡𝑡 − 𝑒𝑒−𝑡𝑡 cos(𝑡𝑡) + 5𝑢𝑢(𝑡𝑡 − 2)sin (𝑡𝑡 − 2)𝑒𝑒2−𝑡𝑡 
 
 

• Defining a Transfer Function 
 

𝐺𝐺(𝑠𝑠) =  
2𝑠𝑠 + 10

𝑠𝑠2 + 2𝑠𝑠 + 10
 

 
 
>> num = [2 10];  % Coefficients of the numerator  
>> den = [1 2 10];       % Coefficients of the denominator 
>> sys = tf(num,den)     % Create the Transfer Function 
 
sys = 
  
     2 s + 10 
  -------------- 
  s^2 + 2 s + 10 
  
Continuous-time transfer function. 
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• Simple Step Input 
 
 
>> num = [2 10]; 
>> den = [1 2 10]; 
>> sys = tf(num,den) 
 
sys = 
  
     2 s + 10 
  -------------- 
  s^2 + 2 s + 10 
  
Continuous-time transfer function. 
>> step(sys)                % Find the step response  
 

• Example on the Step Response  
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% This code is to simulate the step response of the system in the example 
clear 
clc 
close 
 

% Parameters:  
m = 0.1;        % Mass in kg 
b2 = 0.4;       % Damping Ratio in N-s/m 
k1 = 6;         % Spring Stiffness Coefficient in N/m 
k2 = 4;         % Spring Stiffness Coefficient in N/m 
 

n = 10*[b2 k2]; 
d = [m*b2 m*k2 (k1+k2)*b2 k1*k2]; 
 

sys = tf(n,d); 
 

t = [0:0.01:5]; 
x = step(sys,t); 
 

plot(t,x) 
xlabel('Time (s)') 
ylabel('x(t)') 
title('Unit-Step Response') 
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• Example on the Impulse Response  
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The magnitude of the impulse input is  
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% This code is to simulate the Impulse response of the system in the example 
clear 
clc 
close 
 

% Parameters:  
M = 50;         % Mass of Block in kg 
m = 0.01;       % Mass of Bullet in kg 
b = 100;        % Damping Ratio in N-s/m 
k = 2500;       % Spring Stiffness Coefficient in N/m 
v0 = 800;       % Initial Velocity of the bullet in m/s 
 

F = m*(M+m)*v0/(M+2*m); 
n = F*[1]; 
d = [M+m b k]; 
 

sys = tf(n,d); 
 

t = [0:0.01:6]; 
x = impulse(sys,t); 
 

plot(t,x) 
xlabel('Time (s)') 
ylabel('x(t)') 
title('Impulse Response') 

 
• Response to an Arbitrary Input 

 

 
 
 
 
 
 

Uploaded By: anonymousSTUDENTS-HUB.com

https://students-hub.com


% This code is to simulate the step response of the system in the example 
clear 
clc 
close 
 

num = [2 10]; 
den = [1 2 10]; 
 

sys = tf(num,den); 
 

t = [0:0.01:4]; 
 

u = t; 
 

x = lsim(sys,u,t); 
 

plot(t,x) 
xlabel('Time (s)') 
ylabel('x(t)') 
title('Impulse Response') 

 
 

• Block Diagram Reduction  
 
 

1. Series Connection:  
 

 
 

 
 
>> n1 = [10]; 
>> d1 = [1 2 10]; 
 
>> n2 = [5]; 
>> d2 = [1 5]; 
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>> G1 = tf(n1,d1) 
 
G1 = 
  
        10 
  -------------- 
  s^2 + 2 s + 10 
  
Continuous-time transfer function. 
 
 
>> G2 = tf(n2,d2) 
 
G2 = 
  
    5 
  ----- 
  s + 5 
  
Continuous-time transfer function. 
 
>> Geq = series(G1,G2) 
 
Geq = 
  
            50 
  ----------------------- 
  s^3 + 7 s^2 + 20 s + 50 
  
Continuous-time transfer function. 
 

2. Parallel Connection:  
 

 
 
>> n1 = [10]; 
>> d1 = [1 2 10]; 
 
>> n2 = [5]; 
>> d2 = [1 5]; 
 
>> G1 = tf(n1,d1) 
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G1 = 
  
        10 
  -------------- 
  s^2 + 2 s + 10 
  
Continuous-time transfer function. 
 
 
>> G2 = tf(n2,d2) 
 
G2 = 
  
    5 
  ----- 
  s + 5 
  
Continuous-time transfer function. 
 
>> Geq = parallel(G1,G2) 
 
Geq = 
  
    5 s^2 + 20 s + 100 
  ----------------------- 
  s^3 + 7 s^2 + 20 s + 50 
  
Continuous-time transfer function. 
 

3. Feedback Connection:  
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>> ng1 = [5]; 
>> dg1 = [1 2 0]; 
>> G = tf(ng1,dg1) 
 
G = 
  
      5 
  --------- 
  s^2 + 2 s 
  
Continuous-time transfer function. 
 
>> nh1 = [0.1 1]; 
>> dh1 = [1]; 
>> H = tf(nh1,dh1) 
 
H = 
  
  0.1 s + 1 
  
Continuous-time transfer function. 
 
>> Geq = feedback(G,H) 
 
Geq = 
  
         5 
  --------------- 
  s^2 + 2.5 s + 5 
  
Continuous-time transfer function. 
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