
ME 1020 Engineering Programming with MATLAB  

Chapter 9c Homework Solutions: 9.26, 9.31, 9.32, 9.36, 9.40 

Topics Covered: 

 Higher-Order Differential Equations 

o Euler Method 

o MATLAB ODE Solver ode45 

o ode45/Matrix Method 

 Matrix Methods for Linear Equations 

o Free Response 

o Impulse Response 

o Step Response 

o Arbitrary Input Response 

 

Problem 9.26: 

 

Use the Euler Method to solve this problem.  

 

Problem setup: 

This is a second-order ordinary differential equation. Rewrite the equation by solving for the second 

derivative. 

�̈� = −
𝑐

𝑚
�̇� −

𝑘

𝑚
𝑦 

Let   𝑥1 = 𝑦  and   𝑥2 = �̇� 

Taking the derivative of the first equation gives 

�̇�1 = �̇� = 𝑥2   or   �̇�1 = 𝑥2 

Taking the derivative of the second equation gives 



�̇�2 = �̈� = − (
𝑐

𝑚
) 𝑥2 − (

𝑘

𝑚
) 𝑥1 

The original second order ordinary differential equation is now converted into two first order ordinary 

differential equations that are coupled. 

�̇�1 = 𝑥2,     �̇�2 = − (
𝑐

𝑚
) 𝑥2 − (

𝑘

𝑚
) 𝑥1,    𝑥1(0) = 10,   𝑥2(0) = 5 

Use the Euler method for this problem. The system of equations can be discretized as follows: 

𝑥1,𝑘+1 = 𝑥1,𝑘 + ∆𝑡 ∙ 𝑥2,𝑘 

𝑥2,𝑘+1 = 𝑥2,𝑘 + ∆𝑡 [− (
𝑐

𝑚
) 𝑥2,𝑘 − (

𝑘

𝑚
) 𝑥1,𝑘] 

In the problem statement, the initial conditions are 𝑦(0) = 𝑥1(0) = 10 and �̇�(0) = 𝑥2(0) = 5. Let 

∆𝑡 = 0.001.  

For 𝑘 = 1: 

𝑥1,2 = 𝑥1,1 + ∆𝑡 ∙ 𝑥2,1 = (10.0) + (0.001)(5.0) = 10.005 

𝑥2,2 = 𝑥2,1 + ∆𝑡 [− (
𝑐

𝑚
) 𝑥2,1 − (

𝑘

𝑚
) 𝑥1,1] 

𝑥2,2 = (5.0) + (0.001) [− (
18

3
) (5.0) − (

102

3
) (10.0)] = 4.63 

For 𝑘 = 2: 

𝑥1,3 = 𝑥1,2 + ∆𝑡 ∙ 𝑥2,2 = (10.005) + (0.001)(4.63) = 10.00963 

𝑥2,3 = 𝑥2,2 + ∆𝑡 [− (
𝑐

𝑚
) 𝑥2,2 − (

𝑘

𝑚
) 𝑥1,2] 

𝑥2,3 = (4.63) + (0.001)[−(6)(4.63) − (34)(10.005)] = 4.26205 

For 𝑘 = 3: 

𝑥1,4 = 𝑥1,3 + ∆𝑡 ∙ 𝑥2,3 = (10.00963) + (0.001)(4.26205) = 10.01389 

𝑥2,4 = 𝑥2,3 + ∆𝑡 [− (
𝑐

𝑚
) 𝑥2,3 − (

𝑘

𝑚
) 𝑥1,3] 

𝑥2,4 = (4.26205) + (0.001)[−(6)(4.26205) − (34)(10.00963)] = 3.89615 



 

 

 



 

 

 



 

  



Problem 9.31: 

 

Use the ode45 Solver for this problem.  

 

This is a second-order ordinary differential equation. Rewrite the equation by solving for the second 

derivative. 

�̈� = −
39

3
�̇� −

120

3
𝑦 + 10/3 = −13�̇� − 40𝑦 + 10/3 

Let   𝑥1 = 𝑦  and   𝑥2 = �̇� 

Taking the derivative of the first equation gives 

�̇�1 = �̇� = 𝑥2   or   �̇�1 = 𝑥2 

Taking the derivative of the second equation gives 

�̇�2 = �̈� = −13𝑥2 − 40𝑥1 + 10/3 

The original second order ordinary differential equation is now converted into two first order ordinary 

differential equations that are coupled. 

�̇�1 = 𝑥2,     �̇�2 = −13𝑥2 − 40𝑥1 + 10/3,    𝑥1(0) = 0,   𝑥2(0) = 0 



  



 

Problem 9.31: Scott Thomas 

 

  



Problem 9.32: 

 

Use the ode45 Solver with Matrix Method for this problem.  

 

  



 

 

  



 

Problem 9.32: Scott Thomas 

 

  



Problem 9.36: 

 

Use the Control System Toolbox for this problem.  

 



 

  



 

Problem 9.36a: Scott Thomas 

 

 



  



Problem 9.36b: Scott Thomas 

 

 

  



Problem 9.40: 

 

Use the Control System Toolbox for this problem.  

 

 

Problem 9.40: Scott Thomas 

 

A = 

 

     0     1 

    -5    -2 

 

 

B = 

 

     0 

     1 

 

 

C = 

 

     1     0 

 

 



D = 

 

     0 

 

 

sys = 

  

  a =  

       x1  x2 

   x1   0   1 

   x2  -5  -2 

  

  b =  

       u1 

   x1   0 

   x2   1 

  

  c =  

       x1  x2 

   y1   1   0 

  

  d =  

       u1 

   y1   0 

  

Continuous-time state-space model. 

 

 

x0 = 

 

     5     3 

 

 



 

 

 


