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CONCEPT QUICKSTART – General and Particular Solutions of a 
Differential Equation 

Unit: Unit 9: Differential Equations  

Subject: CBSE Class 12 Mathematics 

--------------------------------------------------------------------------------  

SECTION 1: UNDERSTANDING THE CONCEPT 

1.1 What Are General and Particular Solutions? 

When you solve an algebraic equation like x² – 4 = 0, you are looking for specific numerical 
values for x. In the world of differential equations, the goal is different. We are not solving for a 
number; we are solving for an entire function. This shift in perspective is the first key to 
mastering the topic. 

A 'solution' to a differential equation is a function that satisfies the equation when substituted 
into it. For example, if we have the differential equation d²y/dx² + y = 0, its solution is not a 
number, but a function like y = a sin(x + b). The graph of such a function is called a solution 
curve. 

This leads to two fundamental types of solutions: 

• General Solution: This is a solution that contains arbitrary constants (like a and b in 
the example above). Because these constants can take any value, the general solution 
doesn't represent a single curve but an entire family of curves. It's the most 
comprehensive answer to the differential equation. 

• Particular Solution: This is a solution that is free from arbitrary constants. It is derived 
from the general solution by assigning specific values to the constants. For instance, if 
we set a = 2 and b = π/4 in our general solution, we get y = 2 sin(x + π/4), which is a 
particular solution. It represents a single, specific curve from the family of curves. 

A Note on Verification: In many problems in this chapter, your primary task will not be to find 
the solution from scratch, but to verify that a given function is indeed a solution. This is a 
mechanical process: you differentiate the given function as many times as required, 
substitute the function and its derivatives into the differential equation, and confirm that the 
Left-Hand Side (L.H.S.) equals the Right-Hand Side (R.H.S.). This verification skill is 
foundational because before you learn the techniques to solve complex differential 
equations, you must first understand what a solution fundamentally is and how to prove it. 

Understanding the distinction between these solution types is crucial, as it forms the basis 
for modeling specific, real-world scenarios. 

1.2 Why It Matters 
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Understanding the solutions of differential equations is strategically important because it is 
the key to describing and predicting the behavior of systems in the real world. Differential 
equations are the mathematical language used to model dynamic phenomena where change 
is involved. 

As noted in the NCERT textbook's introduction to the chapter, these equations have wide-
ranging applications across numerous disciplines, including Physics, Chemistry, Biology, 
Anthropology, Geology, and Economics. Their solutions allow us to describe how physical 
quantities change, how populations grow, how chemical reactions proceed, and how 
economic models evolve over time. In essence, by finding the solution to a differential 
equation, you are uncovering the underlying function that governs the system's behavior. 

Mastering this concept requires connecting the theory of solutions to the foundational 
calculus skills you have already developed. 

1.3 Prior Learning Connection 

To effectively work with differential equations, it is crucial to connect new concepts to your 
existing knowledge base. Verifying and solving differential equations are not entirely new 
skills; rather, they are advanced applications of the fundamental tools of calculus you've 
already learned. 

Here are the essential prerequisite topics and their roles: 

• Differentiation: This is the core skill needed for the verification process. To check if a 
function is a solution, you must be able to accurately calculate its first, second, or 
higher-order derivatives and substitute them back into the original differential 
equation. 

• Integral Calculus: This is the primary tool used for finding the solutions of differential 
equations. The process of solving a differential equation often involves reversing 
differentiation to find the original function, which is the very definition of integration. 

With these foundational skills in place, you are well-equipped to understand the formal 
definitions and methods presented in the NCERT textbook. 

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

SECTION 2: WHAT NCERT SAYS 

2.1 Key Statements from the Textbook 

This section summarizes the core principles for general and particular solutions as laid out in 
the NCERT textbook. These are the foundational definitions and rules that you must 
internalize to build a strong understanding of the topic. 
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1. Solution of a Differential Equation: A solution is a function φ that, when substituted 
for the dependent variable y in the differential equation, makes the Left-Hand Side 
(L.H.S.) equal to the Right-Hand Side (R.H.S.). The graph of this function, y = φ(x), is 
referred to as a solution curve (or sometimes an integral curve). 

2. General Solution: The general solution (also known as the primitive) is a solution that 
contains one or more arbitrary constants (or parameters). A classic example is y = a 
sin(x + b), which is the general solution for d²y/dx² + y = 0. 

3. Particular Solution: A particular solution is a solution that is completely free of 
arbitrary constants. It is typically obtained by using given conditions (often called 
'initial' or 'boundary' conditions) to find specific numerical values for the constants in 
the general solution. For example, y = 2 sin(x + π/4) is a particular solution derived from 
the general solution above. 

4. Arbitrary Constants and Order: A fundamental principle connects the number of 
arbitrary constants to the nature of the differential equation. The number of arbitrary 
constants in the general solution of a differential equation is equal to its order. For 
example, the general solution of a fourth-order differential equation will have exactly 
four arbitrary constants. (This critical principle is reinforced in questions 11 and 12 of 
Exercise 9.2). 

5. Constants in Particular Solutions: By definition, a particular solution is obtained 
when the arbitrary constants are given specific values. Therefore, a particular 
solution has zero arbitrary constants. 

These definitions are brought to life when applied to concrete examples from the textbook. 

2.2 Examples and Exercises 

Working through solved examples is the most effective way to see the key statements in 
action and understand the mechanics of verification. 

Example 2 (Page 305): Verifying a Particular Solution 

• What it shows: This example demonstrates how to verify that the function y = e⁻³ˣ is a 
solution to the second-order differential equation d²y/dx² + dy/dx - 6y = 0. 

• Why it's important: It provides a clear, step-by-step illustration of the verification 
process. You calculate the first derivative (dy/dx = -3e⁻³ˣ) and the second derivative 
(d²y/dx² = 9e⁻³ˣ), substitute these expressions into the equation, and show 
algebraically that the L.H.S. simplifies to 0, matching the R.H.S. 

Example 3 (Page 305): Verifying a General Solution 
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• What it shows: This example verifies that the function y = a cos x + b sin x, which 
contains two arbitrary constants (a and b), is a solution to the differential equation 
d²y/dx² + y = 0. 

• Why it's important: It reinforces the same verification process but highlights that a 
general solution is powerful because it satisfies the differential equation for any values 
of its arbitrary constants. The structure of the function and its derivatives causes the 
constants a and b to cancel out perfectly, proving the identity holds true for the entire 
family of curves. 

To build mastery, it is recommended that you practice the verification problems from the 
textbook. 

• Exercise Set: Exercise 9.2 

• Question Range: Questions 1-10 

 


