
Page 1 of 16 
 

Two Examples of First Order Systems of Ordinary Differential Equations © Tuesday, April 
22, 2025, by James Pate Williams, Jr. 

The first system is from [1]. A second order system of two ordinary differential equations is 
converted to four first order ordinary differential equations: 

𝑑2𝑧

𝑑𝑥2
= 𝑧2 − 𝑦 + 𝑒𝑥  

𝑑2𝑦

𝑑𝑥2
= 𝑧 − 𝑦2 − 𝑒𝑥  

𝑧(0) = 𝑧′(0) = 0, 𝑦(0) = 1, 𝑦′(0) = −2 

The first order system is [2]: 

𝑦1
′(𝑥) = 𝑦3(𝑥), 𝑦1(0) = 0 

𝑦2
′(𝑥) = 𝑦4(𝑥), 𝑦2(0) = 1 

𝑦3
′(𝑥) = 𝑦1

2(𝑥) − 𝑦2(𝑥) + 𝑒𝑥, 𝑦3(0) = 0 

𝑦4
′(𝑥) = 𝑦1(𝑥) − 𝑦2

2(𝑥) − 𝑒𝑥, 𝑦4(0) = −2 

Conte and de Boor use the FORTRAN subroutine DVERK from the IMSL library to solve the 
first order system of four equations. We use the C function DIFFSYS from [3]. 
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The second example is a predator-prey model where two predators, X and  Y, are preying on 
one prey, Z [4]: 

𝑥′(𝑡) = −0.2𝑥(𝑡) + 0.5𝑧(𝑡)𝑥(𝑡) 

𝑦′(𝑡) = −0.1𝑥(𝑡) − 0.5𝑥(𝑡)𝑦(𝑡) + 0.4𝑦(𝑡)𝑧(𝑡) 

𝑧′(𝑡) = 0.4𝑧(𝑡)[1 − 𝑧(𝑡)] − 0.2𝑧(𝑡)[𝑥(𝑡) + 𝑦(𝑡)] 

I added the initial conditions: 

𝑥(0) = 1, 𝑦(0) = 2, 𝑧(0) = 3 
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