
Maths 
(Differential Equations )



Case study: Newton’s law of cooling 

When a hot liquid is placed in a cooler environment, experimental observation 
shows that its temperature decreases to approximately that of its surroundings. A 
typical graph of the temperature of the liquid plotted against time is shown in 
Figure 
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Classifying differential equations

• An ordinary differential equation (ODE) is any relation between a function of a 
single variable and its derivatives. (All differential equations studied in this 
workbook are ordinary.)

• The order of a differential equation is the order of the highest derivative in the 
equation. 

• A differential equation is linear if the dependent variable and its derivatives 
occur to the first power only and if there are no products involving the 
dependent variable or its derivatives.



Example

Classify the differential equations specifying the order and type (linear/non-

linear)





Separating the variables in first order ODEs

In this Section we consider differential equations which can be written 
in the form:

Note that the right-hand side is a product of a function of x, and a function of y. 

Examples of such equations are



Example
Determine which of the following differential equations can be written in the form



First Order Ordinary Differential Equation 
Prerequisites: You will need to know about trigonometry, differentiation, integration, complex numbers 
in order to make the most of this teach-yourself resource.  We are looking at equations involving a 
function y(x) and its first derivative:



Example:



Separating the variables in first order ODEs



Example

Use the method of separation of variables to solve the differential equation





Example

Find the general solution of the following equations:

Answers



𝑑𝑦

𝑑𝑥
=
6 sin x

𝑦

𝑦 𝑑𝑦=6 𝑠𝑖𝑛𝑥 𝑑𝑥

𝑦׬ 𝑑𝑦=6׬ 𝑠𝑖𝑛𝑥 𝑑𝑥

𝑦2/2=−6 cos 𝑥 + 𝐶

𝑦2=−12 cos 𝑥 + 2𝐶



Example

Solve the equations



Second Order Differential Equations

We now proceed to study those second order linear equations which have 

constant coefficients. The general form of such an equation is:

where a; b; c are constants. The homogeneous form this equation is the case when 

f(x)   0:



Finding the complementary function



Example



Example





Auxiliary equation



Example
Write down, but do not solve, the auxiliary equations of the following:
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Example
Find the general solution of:



Exercise 
Obtain the general solutions, that is, the complementary functions, of the 

following equations:
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