
Problem 9.30: 

 

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

derivative. 

𝑦̈ = −
18

3
𝑦̇ −

102

3
𝑦 + 10/3 = −6𝑦̇ − 34𝑦 + 10/3 

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 = −6𝑥2 − 34𝑥1 + 10/3 

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

differential equations that are coupled. 

𝑥̇1 = 𝑥2,     𝑥̇2 = −6𝑥2 − 34𝑥1 + 10/3,    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[−6𝑥2,𝑘 − 34𝑥1,𝑘 + 10/3] 

In the problem statement, the initial conditions are 𝑦(0) = 𝑥1(0) = 0 and 𝑦̇(0) = 𝑥2(0) = 0. Let ∆𝑡 = 0.01.  

For 𝑘 = 1: 

𝑥1,2 = 𝑥1,1 + ∆𝑡 ∙ 𝑥2,1 = (0.0) + (0.01)(0.0) = 0.0 

𝑥2,2 = 𝑥2,1 + ∆𝑡[−6𝑥2,1 − 34𝑥1,1 + 10/3] 

𝑥2,2 = (0.0) + (0.01)[−(6)(0.0) − (34)(0.0) + 10/3] = 0.03̅ 

For 𝑘 = 2: 



𝑥1,3 = 𝑥1,2 + ∆𝑡 ∙ 𝑥2,2 = (0.0) + (0.01)(0.03̅) = 0.0003̅ 

𝑥2,3 = 𝑥2,2 + ∆𝑡[−6𝑥2,2 − 34𝑥1,2 + 10/3] 

𝑥2,3 = (0.03̅) + (0.01)[−(6)(0.03̅) − (34)(0.0) + 10/3] = 0.0646̅ 

For 𝑘 = 3:    

𝑥1,4 = 𝑥1,3 + ∆𝑡 ∙ 𝑥2,3 = (0.0003̅) + (0.01)(0.0646̅) = 0.0098 

𝑥2,4 = 𝑥2,3 + ∆𝑡[−6𝑥2,3 − 34𝑥1,3 + 10/3] 

𝑥2,4 = (0.0646̅) + (0.01)[−(6)(0.0646̅) − (34)(0.0003̅) + 10/3] = 0.094006̅ 

 



 

 

% Problem 9.30 

clear 

clc 

disp('Problem 9.30: Scott Thomas') 

 

Na = 3000; 

delta_ta = 0.001; 

x1a = zeros(1,Na); 

x2a = zeros(1,Na); 

 

ta = zeros(1,Na); 

x1a(1) = 0.0; 

x2a(1) = 0.0; 

 

for k = 1:Na 

    x1a(k+1) = x1a(k) + x2a(k)*delta_ta; 

    x2a(k+1) = x2a(k) + (-6*x2a(k) - 34*x1a(k) + 10/3)*delta_ta; 

    ta(k+1) = ta(k) + delta_ta; 

end 

 

Nb = 3000; 

delta_tb = 0.001; 

x1b = zeros(1,Nb); 

x2b = zeros(1,Nb); 

 

tb = zeros(1,Nb); 

x1b(1) = 0.0; 

x2b(1) = 10.0; 

 



for k = 1:Nb 

    x1b(k+1) = x1b(k) + x2b(k)*delta_tb; 

    x2b(k+1) = x2b(k) + (-6*x2b(k) - 34*x1b(k) + 10/3)*delta_tb; 

    tb(k+1) = tb(k) + delta_tb; 

end 

 

plot(ta, x1a, tb, x1b) 

xlabel('Time t'), ylabel('Function y(t)') 

title('Problem 9.30: Scott Thomas') 

legend('Part a: dy/dt(0) = 0', 'Part b: dy/dt(0) = 10','Location', 'NorthEast') 

%axis([0 50 5 25]) 
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