Lecture 6: Discrete Dynamical Models
Second-order systems

A second-order system is a system in which the present state of the system depends upon the previous two system states.

Example:  
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Note: This system is also equivalent to:
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Theorem (5.3, p. 191 & 5.7, p. 201). Given the dynamic system 
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Let r and s be the roots of the characteristic equation
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Then, if r ≠ s, the general solution is
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If  
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, the general solution is
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The constants C1 and C2 are determined from initial conditions.

Example:  
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The equation
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 is called the characteristic equation.

In other words, solve the quadratic equation:

s, 
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Set r equal to one of the root and set s equal to the other.

General solution is:
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Note: For a second-order system, we have 2 arbitrary constants C1 and C2. Two initial conditions gives us 2 equations to find 2 unknowns.
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First equation implies that 
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Plugging into second equation: 
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The particular solution is:
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Example: Double Root
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Evaluate iteratively:
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Solution: First find roots of characteristic equation:
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   or
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Since we have a double root, the general solution is:
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To find the particular solution, use initial conditions:
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From the first equation, 
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. Plugging into the second equation gives:
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Thus, particular solution is:
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