
First Order Ordinary Differential Equations Flowchart

dy

dx
= f(x, y)

Separable

dy

dx
= G(x)H(y)

Solution Curve:∫
1

H(y)
dy =

∫
G(x) dx

yes

Homogeneous

dy

dx
= f

(y
x

)

no

Transformation:

z =
y

x

Leads to:

z + x
dz

dx
= f(z)

yes

dy
dx = f(ax + by + c)

no
Transformation:

z = ax+ by + c

Leads to:

dz

dx
= a+ bf(z)

yes

Shift to Homogeneous

dy

dx
=
ax+ by + c

ex+ fy + g

with af 6= eb

no

Transformation:

x = u+ h, y = v + k

where (h, k) satisfies

ah+ bk + c = 0

eh+ fk + g = 0

yes

First Order Linear

dy

dx
+ p(x)y = q(x)

no
Integrating Factor:

µ(x) = e
∫
p(x) dx

Solution:

y =
1

µ(x)

(∫
q(x)µ(x) dx+ C

)
yes

Bernoulli

dy

dx
+ p(x)y = q(x)yn

no
Transformation:

z = y1−n

Leads to:

dz

dx
+(1−n)p(x)z = (1−n)q(x)

yes



* M(x, y)dx+N(x, y)dy = 0

Exact

My = Nx

Level Set Solution:

F (x, y) = c

where

dF = M dx+N dy

so that

F =

∫
M dx+ g(y)

F =

∫
N dy + h(x)

yes

Find Integrating Fac-
tor µ(x, y) so that

µM dx+ µN dy = 0

is exact. That is

(µM)y = (µN)x or

µyM + µMy = µxN + µNx

no

My −Nx

N

is a function of only x

special cases

Integrating Factor:

µ(x) =

∫
e

My−Nx
N dx

yes

Nx −My

M

is a function of only y

no

Integrating Factor:

µ(y) =

∫
e

Nx−My
M dy

yes

There exist numbers
m and n such that

xy(My−Nx) = ymN−xnM

no

Integrating Factor:

µ(x, y) = xmyn

yes

Given an assumption
about µ(x, y), using

(µM)y = (µN)x

there exists a
solution for µ

no

yes

Numerical methods?
Study more math?

no

* Note
Some sources start with the form

dy

dx
=
M(x, y)

N(x, y)

so that

M(x, y) dx−N(x, y) dy = 0.

In this case, replace N in the
flowchart with its negative.
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