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Outline

• State space models
• The Resolvent
• Solving State Space Equations
• The Matrix Exponential
• Variation of Parameters Formula

State space techniques emerged around 1960. They are direct 
and exploit the efficient computations of linear algebra.



State Space Models
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Solving State Equations via the 
Laplace Transform
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The Resolvent
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Solving Linear State Equations
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Solution Strategy:
1) find general sol'n to homogeneous eq. - 
    will involve dim  arbitrary parameters
2) find any particular solution
3) add and pick parameters to match initial condition
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Solution in the Time Domain
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The Homogeneous Equation
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Let us first solve the homogeneous equation
,

Strategy: assume a sol'n and see if it works.
Assume a solution in the form of a power series:
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The Homogeneous Equations, 2
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The Homogeneous Equation, 3
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Matrix Exponential
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Variation of Parameters Formula
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Variation of Parameters, 2
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Variation of Parameters, 3
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Example - MATLAB

>> A=[1 0 0;0 2 1;2 0 0];
>> syms t
>> expm(t*A)

[              exp(t),                   0,                   0]
[ exp(2*t)-2*exp(t)+1,            exp(2*t),   -1/2+1/2*exp(2*t)]
[          2*exp(t)-2,                   0,                   1]
>> laplace(expm(t*A))

[             1/(s-1),                   0,                   0]
[ 1/(s-2)-2/(s-1)+1/s,             1/(s-2),    -1/2/s+1/2/(s-2)]
[         2/(s-1)-2/s,                   0,                 1/s]



Summary

• State transition matrix
• Matrix exponential
• Resolvent
• Variation of parameters formula
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