Differential Equations ODE Flow Chart

Isthe problem a
first order ODE?
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Problem is ; : sngle | Does the ODE look like this?
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Problem is not
1st Order

Do you want to transform
the second order ODE into a
system of first order ODE’s?

Transform into
System of Equations

System of
Equations

dY

Maintain
2nd Order
Equation

Find the characteristic equation
and solve for its roots.

S24+b-S+c=0

dt

Find the eigenvalues & eigenvectors.
=AY

Are the eigenvalues real?

Are the eigenvalues repeated?

A=A

The ODE should look like:
Y 4
&= i(y) - £(1)

Apply Separation of Variables,
The solution can take many forms.

Apply Integrating Factor Method,
the solution will take the form:

1
Y0 = - f u(®) - b(o) dt

u(t) = e.[ g(t)

ALZ:(X i "B

(contains an i).
Yreal(t) +1i- ?lmaginary(t)

Find one complex eigenvector

Eigenvalues are distinct

The solution will take the form:
Y(©) = kg Yeear(t) + Ky - Ylmaginary(t)

Notice that the i term has become k;!

IsS a complex number?

complex
number

Sl'g = (‘l‘_f_‘ lﬁ

Apply Euler’s Formula:

@Bt — oot cos(B-t) +1-sin(B- t)

The solution will take the form:

y(t) = k; e -cos(B-t) + ky e™ -sin(B- 1)

Are the S values repeated?

81252

S values are distinct

The solution will take the form:
y(©) =k M-V, 4k, etV

V, , are found by solving (A-2,T)=0

The solution will take the form:

y(t) = rtVy +t-ert V)

vo-gg],v, O )

The solution will take the form:
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y(t) = k; emt + ke 0%t
Can also be expressed in vector form:
y(t)

HE ¥'(t)

The solution will take the form:

y(t) =k, et + k, - t- et
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