
Not a Separable DE (NSDE)

A separable ODE is one which can be put in the form

hpyqy1 “ gpxq.

You may procede to solve such a DE via integration and the subtitution rule. The left-hand side
becomes

ż

hpyqy1 dx “

ż

hpuq du pvia the substitution u “ ypxq) “ Hpypxqq ` C1,

and the right-hand side is handled similarly (no substitution, however)
ż

gpxq dx “ Gpxq ` C2,

so that
ż

hpyqy1 dx “
ż

gpxq dx leads to Hpyq “ Gpxq ` C.

But, to misclassify some other type of DE as separable can be disastrous. Consider the linear (but
not separable) DE:

2y1 ´ 3y “ e5x.

Thinking this DE to be separable can lead to integrating everything:
ż

2y1 ´

ż

3y “

ż

e5x.

So long as the person writing this understands these all to be integrals in x, no error has been
made. None, yet! But, what can be done with this equation?

ż

2y1pxq dx´
ż

3ypxq dx “

ż

e5x dx. (1)

The integral on the right-hand side of (1) is no trouble:
ż

e5x dx “
1
5

e5x ` C.

The integral on the far left of (1) is manageable via the substitution u “ ypxq (so du “ y1pxq dx):
ż

2y1pxq dx “ 2
ż

du “ 2u` C “ 2ypxq ` C.

It’s the middle integral of (1) that doesn’t budge. You cannot find an antiderivative of 3ypxq in
ż

3ypxq dx

when you do not know what ypxq is to begin with! (And, if you did know an expression for ypxq,
you would have no need to solve the DE.)

If you get to Equation (1) and do not already have an expression for ypxq, you’ve hit a road block.
Do not press your way through. Turn back and find another route. Turn back!


