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INTRODUCTION OF DIFFERENTIAL EQUATION

• An expression comprising of dependent and independent 

variable and derivatives of dependent with respect to 

independent variable ( differential coefficients ) that satisfy 

some relation as a equation.

For Example:

(1)
𝒅𝒚

𝒅𝒙
= 𝒙𝟐 − 𝟓𝒚 + 𝒙𝒚,

(2) 𝒙
𝒅𝟐𝒚

𝒅𝒙𝟐
− 𝟐

𝒅𝒚

𝒅𝒙
= 𝒙 − 𝟏



NDA 2 2024 LIVE CLASS - MATHS - PART 1

ORDER OF DIFFERENTIAL EQUATION

• The order of differential equation is the highest order derivative 

involved in its expression. 

Note: It is always a positive Integer. 

Example:

𝑑3𝑦

𝑑𝑥3
+ 𝑥

𝑑𝑦

𝑑𝑥
+ 4 = 0 has order 3.

𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥

2
= 0 has order 2.
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DEGREE OF DIFFERENTIAL EQUATION

• If a differential equation is a polynomial equation in derivatives, then the highest 

power of the highest order derivative involved is called degree of that differential 

equation. It is always a positive integer. 

• Note: If a differential equation is not a polynomial equation in derivatives, then the 

degree of that differential equation is not defined. 

• Example: 
𝑑𝑦

𝑑𝑥

2
+ 𝑙𝑜𝑔𝑦 = 𝑥2 has degree 2 and  

𝑑2𝑦

𝑑𝑥2
+

𝑑𝑦

𝑑𝑥

2
= 0 has degree 1
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EXAMPLE

Find order and Degree of following Differential equation

1)
𝑑4𝑦

𝑑𝑥4
− 𝑠𝑖𝑛

𝑑3𝑦

𝑑𝑥3
= 0

2)
𝑑3𝑦

𝑑𝑥3
−

𝑑𝑦

𝑑𝑥

2

3
= 0
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FORMULATION OF DIFFERENTIAL EQUATION

In order to formulate differential equation, we have to remove arbitrary constants.
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CASE OF ONE ARBITRARY CONSTANT 

• Step 1: Write the given general solution containing one arbitrary constant.

• Step 2: Separate the arbitrary constant and the variables.

• Step 3: Differentiate both sides to eliminate the arbitrary constant and get the 

required differential equation. 

Special Case: In some cases, separation of arbitrary constant is not possible,

then differentiate both sides of the given solution and evaluate the arbitrary

constant. Finally, substitute this value of constant in given solution.
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EXAMPLE

Form the differential equation for 𝑥2 + 𝑦2 = 𝑎𝑥3, where 𝑎 is constant .
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CASE OF TWO ARBITRARY CONSTANT 

• Step 1: Write the given general solution containing two arbitrary constants.

• Step 2: Differentiate both sides and remove one arbitrary constant.

• Step 3: Differentiate again to remove second arbitrary constant.
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EXAMPLE

Form the differential equation for 𝑦 = 𝐴𝑐𝑜𝑠𝛼𝑥 + 𝐵𝑠𝑖𝑛𝛼𝑥, where 𝑎 and 𝑏 are constant.
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DIFFERENTIAL EQUATION OF FAMILY OF CURVES

• In such cases, we have to use our knowledge of particular curves.

• Curves such as straight line, parabola, hyperbola, circles are considered.

• We have to follow similar steps of differentiation and have to remove 

arbitrary constants.
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EXAMPLE

Find the differential equation representing the family of circles passing through origin and 

having centre on 𝑦 − axis.  



NDA 2 2024 LIVE CLASS - MATHS - PART 1



NDA 2 2024 LIVE CLASS - MATHS - PART 1

VARIABLE SEPARABLE

• A differential equation is said to have separable variables if it is of the form 

𝑓 𝑥 𝑑𝑥 = 𝑔 𝑦 𝑑𝑦.
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METHOD TO SOLVE

• Step 1: Express the given differential equation in the form 𝑓 𝑥 𝑑𝑥 = 𝑔 𝑦 𝑑𝑦.

• Step 2: On integrating both sides, we get ׬𝑓 𝑥 𝑑𝑥 = 𝑔׬ 𝑦 𝑑𝑦

• Step 3: Evaluate the above integrals to get the solution of the form

𝐹 𝑥 = 𝐺 𝑦 + 𝑐, where 𝑐 is an arbitrary constant.

Remark: The constants of integration that appear on both the sides are combined 

together to give just one arbitrary constant 𝐶.
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EXAMPLE

Solve the differential equation 
𝑑𝑦

𝑑𝑥
= (1 + 𝑥2)(1 + 𝑦2).
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PARTICULAR SOLUTION

• A solution obtained by giving particular values to the arbitrary constants 

in the general solution of the differential equation is called a particular 

solution of that differential equation.

• In other words, a particular solution is a solution that is free from 

arbitrary constants.
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EXAMPLE
Find the particular solution of the differential equation 

𝑑𝑦

𝑑𝑥
= 1 + 𝑥2 + 𝑦2 + 𝑥2𝑦2, given that 𝑦 = 1 when 𝑥 = 0.
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HOMOGENEOUS FUNCTION

• A Function 𝐹(𝑥, 𝑦) is said to be homogeneous function of degree 𝑛, if 

𝐹 𝛼𝑥, 𝛼𝑦 = 𝛼𝑛𝐹(𝑥, 𝑦) for any non-zero constant 𝛼.

Example: 𝐹1 𝑥, 𝑦 = 5𝑥2 − 6𝑥𝑦 + 𝑦2

• A Differential equation is said to be homogeneous if it is of the form 

𝑑𝑦

𝑑𝑥
=

𝑓(𝑥,𝑦)

𝑔(𝑥,𝑦)
or 

𝑑𝑥

𝑑𝑦
=

𝑓(𝑥,𝑦)

𝑔(𝑥,𝑦)
where both 𝑓(𝑥, 𝑦) and 𝑔(𝑥, 𝑦) are homogeneous

function of same degree 𝑛.
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• Step 1: Check the given differential equation in the homogeneous form 

𝑑𝑦

𝑑𝑥
=

𝑓(𝑥,𝑦)

𝑔(𝑥,𝑦)

• Step 2: Put 𝑦 = 𝑣𝑥 and 
𝑑𝑦

𝑑𝑥
= 𝑣 + 𝑥

𝑑𝑣

𝑑𝑥
in given equation to get

𝑣 + 𝑥
𝑑𝑣

𝑑𝑥
= 𝐹(𝑣)

i.e., 
1

𝐹 𝑣 −𝑣
𝑑𝑣 =

1

𝑥
𝑑𝑥.

METHOD TO SOLVE
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• Step 3: Integrate both sides to get a solution in terms of 𝑣 and 𝑥 of the form

𝑮 𝒗 = 𝒍𝒐𝒈𝒙 + 𝒄, where 𝑐 is an arbitrary constant.

• Step 4: Replace 𝑣 by 
𝑦

𝑥
to get the required solution in terms of 𝑥 and 𝑦.

METHOD TO SOLVE
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EXAMPLE

Find general solution of the differential equation 𝑥
𝑑𝑦

𝑑𝑥
− 𝑦 = 𝑥2 + 𝑦2
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LINEAR DIFFERENTIAL EQUATIONS

• A differential equation is said to be linear differential equation of first order if it can 

be put in either of the forms :

Type 1: 
𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄, where 𝑃 and 𝑄 are constants or functions of 𝑥 only.

Type 2: 
𝑑𝑥

𝑑𝑦
+ 𝑃𝑥 = 𝑄, where 𝑃 and 𝑄 are constants or functions of 𝑦 only.
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METHOD TO SOLVE TYPE 1

• Step 1: Consider the given Linear differential equation in the form 
𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄

• Step 2: Identify 𝑃 and 𝑄.

• Step 3: Evaluate the Integrating Factor, 𝐼. 𝐹. = 𝑒׬ 𝑃 𝑑𝑥

• Step 4: General solution of the given linear differential equation is

𝐼. 𝐹. 𝑦 = ׬ 𝐼. 𝐹. 𝑄𝑑𝑥 + 𝑐

• Step 5: Evaluate the above integral to get the required solution of the given 

differential equation.
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EXAMPLE

Find the general solution of the differential equation 
𝑑𝑦

𝑑𝑥
+

𝑦

𝑥
= 𝑒𝑥.
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METHOD TO SOLVE TYPE 2

• Step 1: Consider the given Linear differential equation in the form 
𝑑𝑥

𝑑𝑦
+ 𝑃𝑥 = 𝑄

• Step 2: Identify 𝑃 and 𝑄.

• Step 3: Evaluate the Integrating Factor, 𝐼. 𝐹. = 𝑒׬ 𝑃 𝑑𝑦

• Step 4: General solution of the given linear differential equation is

𝐼. 𝐹. 𝑥 = ׬ 𝐼. 𝐹. 𝑄𝑑𝑦 + 𝑐

• Step 5: Evaluate the above integral to get the required solution of the given 

differential equation.



NDA 2 2024 LIVE CLASS - MATHS - PART 1

EXAMPLE

Find the general solution of the differential equation 𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 1.
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REDUCIBLE D.E.

• In this section, we shall discuss the equations of form 
𝑑𝑦

𝑑𝑥
= 𝑓(𝑎𝑥 + 𝑏𝑦 + 𝑐)

• These can be reduced to the variable separable form by the substitution,

𝑎𝑥 + 𝑏𝑦 + 𝑐 = 𝑣

• Further, derived equation can be solved by the method of separation of variables 

which we had already discussed in previous lectures.

.
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EXAMPLE

Find the general solution of the differential equation 𝑥 + 𝑦 + 1
𝑑𝑦

𝑑𝑥
= 1.
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PROBLEMS ON EXPONENTIAL GROWTH

Suppose a quantity 𝑦 is growing with time 𝑡 in such a way that its growth rate at any 

time is proportional to its value at that time, 

i.e., 
𝑑𝑦

𝑑𝑡
∝ 𝑦

𝑑𝑦

𝑑𝑡
= 𝑘𝑦, for some constant 𝑘

1

𝑦
𝑑𝑦 = 𝑘𝑑𝑡
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PROBLEMS ON EXPONENTIAL GROWTH

Integrating both sides, we get

׬
1

𝑦
𝑑𝑦 = 𝑘 1𝑑𝑡׬

log |𝑦| = 𝑘𝑡 + log 𝐶

log
𝑦

𝐶
= 𝑘𝑡

𝑦 = 𝐶𝑒𝑘𝑡

Such a growth is called exponential growth. 
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