
Matrices and ODEs

u′(t) = Au(t)

1. u(t) path in “space” (some Rn)
2. u′(t) velocity at t
3. A “process”: position velocity

Note
Not interested in A ◦ A but still want input and output in
same point of view



Coupled Pendula

First Order 
y ′a
y ′b
z′a
z′b

 =


0 0 1 0
0 0 0 1
−5 1 −5 0

1 −5 0 −5



ya

yb

za

zb


Experiment suggests u± = ya ± yb and v± = y ′a ± y ′b


u′+
u′
−

v ′+
v ′
−

 =


v+

v−
−4u+ − 5v+

−6u− − 5v−


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Solving ODEs
Solve

u′(t) = Au(t)

Easy Case

A =


−4 0 0 0

0 −1 0 0
0 0 −3 0
0 0 0 −2


Solution

u(t) =


µ1e−4t

µ2e−t

µ3e−2t

µ4e−2t

 =


e−4t 0 0 0

0 e−1t 0 0
0 0 e−3t 0
0 0 0 e−2t



µ1

µ2

µ3

µ4




