
ME 1020 Engineering Programming with MATLAB 

Problem 9.32: 

 

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

derivative. 

𝑦̈ = −
75

3
𝑦 +

10

3
sin(𝜔𝑡) = −25𝑦 +

10

3
sin(𝜔𝑡) 

Let   𝑥1 = 𝑦  and   𝑥2 = 𝑦̇ 

Taking the derivative of the first equation gives 

𝑥̇1 = 𝑦̇ = 𝑥2   or   𝑥̇1 = 𝑥2 

Taking the derivative of the second equation gives 

𝑥̇2 = 𝑦̈ = −25𝑥1 +
10

3
sin(𝜔𝑡) 

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

differential equations that are coupled. 

𝑥̇1 = 𝑥2,     𝑥̇2 = −25𝑥1 +
10

3
sin(𝜔𝑡),    𝑥1(0) = 0,   𝑥2(0) = 0 

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 [−25𝑥1,𝑘 +
10

3
sin(𝜔𝑡𝑘)] 

In the problem statement, the initial conditions are 𝑦(0) = 𝑥1(0) = 0 and 𝑦̇(0) = 𝑥2(0) = 0. Let ∆𝑡 =

0.1  and 𝜔 = 1 rad/sec.  



For 𝑘 = 1: 

𝑥1,2 = 𝑥1,1 + ∆𝑡 ∙ 𝑥2,1 = (0.0) + (0.1)(0.0) = 0.0 

𝑥2,2 = 𝑥2,1 + ∆𝑡 [−25𝑥1,1 +
10

3
sin(𝜔𝑡1)] 

𝑥2,2 = (0.0) + (0.1) [−(25)(0.0) +
10

3
sin[(1.0)(0.0)]] = 0.0 

𝑡2 = 𝑡1 + ∆𝑡 = 0.0 + 0.1 = 0.1 

For 𝑘 = 2:  

𝑥1,3 = 𝑥1,2 + ∆𝑡 ∙ 𝑥2,2 = (0.0) + (0.1)(0.0) = 0.0 

𝑥2,3 = 𝑥2,2 + ∆𝑡 [−25𝑥1,2 +
10

3
sin(𝜔𝑡2)] 

𝑥2,3 = (0.0) + (0.1) [−(25)(0.0) +
10

3
sin[(1.0)(0.1)]] = 0.0332778 

𝑡3 = 𝑡2 + ∆𝑡 = 0.1 + 0.1 = 0.2 

 

For 𝑘 = 3:   

𝑥1,4 = 𝑥1,3 + ∆𝑡 ∙ 𝑥2,3 = (0.0) + (0.1)(0.0332778) = 0.00332778 

𝑥2,4 = 𝑥2,3 + ∆𝑡 [−25𝑥1,3 +
10

3
sin(𝜔𝑡3)] 

𝑥2,4 = (0.0332778) + (0.1) [−(25)(0.0) +
10

3
sin[(1.0)(0.2)]] = 0.0995009 

𝑡4 = 𝑡3 + ∆𝑡 = 0.2 + 0.1 = 0.3 



 

 

 

 



 

This problem is very sensitive to time step size. The following plot is for ∆𝑡 = 0.1 second: 



 

∆𝑡 = 0.01 second:  

 

∆𝑡 = 0.001 second:  



 

∆𝑡 = 0.0001 second: This seems to be sufficient. 

 

 



 

 

This behavior is called “Resonance”. 



 

 


