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Outline
Goal: Introduce the concepts and terminology that underlay the 
state space tools implemented in MATLAB and similar software.

• Problem definition
• Solving state space equations via Laplace

transforms
• Solving state space equations in the time domain

Basic properties
The homogeneous equation/state transition matrix
Variation of parameters formula



State Space Models
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Solving Linear State Equations

( )
( ) ( )
( )

0 0 0

0

, ,

: ,

:

n mx Ax Bu t x R u R

given x t x u t for t t

find x t for t t

= + ∈ ∈

= ≥

≥

( ) ( ) ( ), : , forced or nonhomogeneous
  homogeneous

x Ax b t b t Bu t
x Ax

= + =
=



Solving State Equations via the 
Laplace Transform
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The Resolvent
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Basic properties
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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 - Mathematica



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


