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Separable 
ODEs A separable differential equation is any differential equation that we can write in the

following form.

To solve this differential equation we first integrate both sides with respect to x to get,

Simply, we integrate both sides as following:



E x a m p l e

01 Solve the following differential equation

We apply the initial condition and find the value of c.

∴



E x a m p l e

02 Solve the following IVP

let’s apply the initial condition at this point to determine the value of c.

So, upon using the quadratic formula on this we get.



E x a m p l e

02

We are almost there. Notice that we’ve actually got two solutions here (the “∓”) and we only want a
single solution. In fact, only one of the signs can be correct. So, to figure out which one is correct we
can reapply the initial condition to this. Only one of the signs will give the correct value so we can use
this to figure out which one of the signs is correct. Plugging x = 1 into the solution gives.

In this case it looks like the “+” is the correct sign for our solution. So, the explicit solution for our
differential equation is.



E x a m p l e

03 Solve the following IVP

Applying the initial condition gives

This then gives an implicit solution of.
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04 Solve the following IVP

Now, apply the initial condition to find c.

So, the implicit solution is then,
Solving for r gets us our explicit solution.
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Definition

A function 𝑓(𝑥, 𝑦) is said to be homogeneous function 

of order 𝑛 if

𝑓 𝑡𝑥, 𝑡𝑦 = 𝑡𝑛𝑓(𝑥, 𝑦)
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Definition

An equation of the form

𝑃 𝑥, 𝑦 𝑑𝑥 + 𝑄 𝑥, 𝑦 𝑑𝑦 = 0
is said to be homogeneous equation if the functions

𝑃(𝑥, 𝑦) and 𝑄(𝑥, 𝑦) are homogeneous and of the same

order.

The homogeneous equation can be rewritten in the

form
𝑑𝑦

𝑑𝑥
= 𝐹

𝑦

𝑥
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Equation of the form

(𝑎1𝑥+𝑏1𝑦+𝑐1)𝑑𝑥+(𝑎2𝑥+𝑏2𝑦+𝑐2)𝑑𝑦 = 0



Homogeneous
ODEs
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Exact
ODEs
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Integrating Factor



A multiplying factor which will

convert an inexact DE into exact

one is called integrating factor.
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Special Cases

Integrating 
Factors

𝑢 𝑥, 𝑦 = 𝑢(𝑥)

𝑢 𝑥, 𝑦 = 𝑢(𝑦)

We are looking for 𝑢(𝑥, 𝑦) such that
𝜕 𝑢∙𝑀 𝑥,𝑦

𝜕𝑦
= 

𝜕 𝑢∙𝑁 𝑥,𝑦

𝜕𝑥
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Case I

If 
𝑀𝑦−𝑁𝑥

𝑁
= 𝐹(𝑥) then

𝐼. 𝐹. = 𝑢 𝑥 = 𝑒׬ 𝐹 𝑥 𝑑𝑥

Case II

If 
𝑁𝑥−𝑀𝑦

𝑀
= 𝐺(𝑦) then

𝐼. 𝐹. = 𝑢 𝑦 = 𝑒׬ 𝐺 𝑦 𝑑𝑦
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1st Order 
LinearODEs
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Bernolli
ODEs
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Functions
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Functions
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Method of 

Undetermined 

Coefficients
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Laplace

Transforms
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Transforms
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