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SYSTEMS OF DIFFERENTIAL EQUATIONS of the 

second order with constant coefficients. 
 

3.1. General Concept and Definition 
 

While solving various problems we should find functions 

   ,, 2211 xyyxyy  ,  xyy nn   that satisfy system of differential 

equations. An independent variable x , unknown functions 

nyyy ,...,, 21  and their derivatives are included in this system. 

Definition. A system of differential equations of the first order 

is called normal if there are derivatives of the first order on the left 

parts but the right parts do not contain derivatives. Normal system 

may be presented in the form 
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where x  is independent variable, nyyy ,...,, 21  are unknown functions. 

Definition. The system of differential equations is called linear if 

unknown functions and their derivatives are included linearly at each 

equation of this system. 

Normal system of linear equations looks as follows: 
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In particular case Systems of Linear Homogenous Differential 

Equations with Constant Coefficients has the following type: 
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One of simple methods to solve a normal system is method of 

elimination.  

 In this case normal system (3.1) , (3.2) or (3.3) of n  equations 

of the first order of general view can be reduced to the only equation 

of the n-th order.  

Let’s illustrate this method on example of the linear system of the 

differential equations of the second order. 

Example1. Find the general solution of the following system: 
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Solution.  



Let’s differentiate the first equation of system (1) with respect to x : 
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Instead of the 2y  we can substitute into equation (2) its value obtained from 

second equation of system (1). 
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In order to reduce solution of system (1) to differential equation of the second 

order. Let’s find the function 2y  from the first equation of system (1) and 

substitute into expression (3): 
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.cos7sin23 11 xxyyy                                         (5) 

We obtained inhomogeneous differential equation of the second order relatively 

to function )(1 xy  with right part of special type. Let’s solve this equation: 

*
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In order to find 1y  - general solution of the corresponding homogeneous 

differential equation 
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We should form characteristic equation  
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Let’s construct the partial solution of equation (5): 
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Substitute (6),(7),(8) into equation (5) and find constant A and B: 
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So the function *
1y is defined as  
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1 xxy   

and  
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211                                   (9) 

Let’s find 2y  using expression (4): 
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So we have the following answer: 
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Example 2.  

Find solution of system of differential equations 
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with initial solution 









.3)0(

;2)0(

2

1

y

y
                                                             (11) 

Solution.  

Let’s differentiate the second equation of system (10)  

/
2 2yy   

Now substitute 
/y from the first equation of system (10) into obtained equation  

  ,64,322 2222 xyyxyy                                          (12) 

We obtained inhomogeneous differential equation of the second order relatively 

to function )(2 xy  with right part of special type. Let’s solve this equation: 
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In order to find 2y  - general solution of the corresponding homogeneous 

differential equation 

,04 22  yy  

Characteristic equation will be 
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Let’s construct the partial solution of equation (12): 
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Substitute (14),(15),(16) into equation (12) and find constant A and B: 
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So the function 2y  is defined as  
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Let’s find 1y  using second equation of the system (10) and differentiate (17): 
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So we have the general solution of system (10): 
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Let’s find constants 21,CC using initial solution (11): 
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The solution of system (1) with initial solution (11) is: 
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