Lecture 33, Apr 5, 2022

Solving Differential Equations with Diagonalization

o Given & = Az, 2(0) = xo, how do we get x(t)?
« Assume A is diagonalizable, then & = PAP 'z
e We can use P as a transition matrix; set @ = Pn, then T = Az
= Pn=(PAP ')(Pn)
= Pn=PAn
— Since A is diagonal, we have now decoupled the system!

— Each equation becomes 1, = A\yNq, S0 each solution is 1, (t) = cae)“"t
cle>‘1t
o The full solution becomes x(t) = Pn(t) = [pl e pn] =apreMt + -+ eppnet
cpetnt
o Plugging the initial conditions t = 0 gives c1p; + - - - + ¢, Pn = g = Pc; solving the system gives the

coeflicients

e The eigenvalues A are in the exponents, which dictate the speed at which the solution decays, or the
frequency of oscillations

e The eigenvectors dictate the shape of the solution
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