
2. FIRST-ORDER DIFFERENTIAL   
EQUATIONS

2.1 SEPARABLE EQUATIONS

We begin our study of how to solve differential equations with the
simplest of all differential equations: first-order equations with
separable variables.

Because the method in this section and many techniques for solving
differential equations involve integration, you are urged to refresh
your memory on important formulas ׬) 𝑑𝑢/𝑢)and techniques (such

as integration by parts) by consulting a calculus text.

1



2



Definition 2.1
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A first-order differential equation of the form
𝑑𝑦

𝑑𝑥
= 𝑔 𝑥 ℎ 𝑦

is said to be separable equations or to have separable 

variables.
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Observe that by dividing by the function ℎ(𝑦), we can write a separable

equation
𝑑𝑦

𝑑𝑥
= 𝑔 𝑥 ℎ 𝑦 as

𝑝(𝑦)
𝑑𝑦

𝑑𝑥
= 𝑔 𝑥

where, for convenience, we have denoted 1/ℎ(𝑦) by 𝑝 𝑦 .

A one-parameter family of solutions, usually given implicitly, is obtained
by integrating both sides of

𝑝 𝑦 𝑑𝑦 = 𝑔 𝑥 𝑑𝑥

as
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Informally speaking, one solves separable equations by performing the
separation and then integrating each side.

NOTE There is no need to use two constants in the integration of a
separable equation, because if we write 𝐻 𝑦 + 𝑐1 = 𝐺 𝑥 + 𝑐2, then the
difference 𝑐2 − 𝑐1can be replaced by a single constant 𝑐.

In many instances throughout the chapters that follow, we will relabel
constants in a manner convenient to a given equation.

For example, multiples of constants or combinations of constants can
sometimes be replaced by a single constant.

Solve Questions
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2.2. LINEAR EQUATIONS

A type of first-order differential equation that occurs frequently in applications is the linear
equation. Recall from Section 1.1 that a linear first-order equation is an equation that can be
expressed in the form

For example, the equation

However, the equation

İs not linear.
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is linear, because it can be rewritten in the form



Now let’s find how to solve the linear differential equations .
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We can summarize the method for solving linear equations as follows.

Solve Questions


