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Concept QuickStart – Integration as an Inverse Process of 
DiƯerentiation 

 Unit 7: Integrals  

Subject: For CBSE Class 12 Mathematics 

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

SECTION 1: UNDERSTANDING THE CONCEPT 

This section lays the groundwork for your study of Integral Calculus. Before diving into 
formulas and problem-solving techniques, it is essential to understand what integration is 
and why it matters. By connecting this new topic to the familiar concepts of diƯerentiation, 
we can build a strong conceptual foundation that makes learning the "how" much more 
intuitive. 

1.1 What Is Integration? 

At its core, integration is the inverse process of diƯerentiation. It is also referred to as anti-
diƯerentiation. 

While diƯerentiation is the process of finding the rate of change (the derivative) of a function, 
integration does the exact opposite. Given the derivative of a function, integration helps us 
find the original function, which is known as the anti-derivative or primitive. For example, 
since we know the derivative of sin(x) is cos(x), we can say that sin(x) is an anti-derivative of 
cos(x). 

However, an anti-derivative is not a single, unique function. Consider that the derivative of 
sin(x), sin(x) + 5, and sin(x) - 100 are all cos(x), because the derivative of any constant is zero. 
This means there are infinitely many anti-derivatives for a given function, all diƯering by a 
constant value. This entire collection of functions is called a family of functions, represented 
by the indefinite integral F(x) + C, where C is the arbitrary constant of integration. 

1.2 Why It Matters 

Integral Calculus was developed to solve two fundamental problems that are central to 
mathematics and its applications: 

1. The problem of finding a function when its derivative is known. This is the inverse 
problem of diƯerentiation. For instance, if you know the velocity of an object at every 
instant (which is the derivative of its position), integration allows you to determine the 
object's position at any given time. 

2. The problem of calculating the area of a region bounded by the graph of a 
function. This application leads to the concept of the definite integral, which has 
profound uses. 
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Beyond these theoretical motivations, integration is a powerful and practical tool used across 
various disciplines. Its principles are essential in fields like economics, finance, and 
probability, and it forms the bedrock of countless applications in science and engineering. 

1.3 Prior Learning Connection 

To succeed in this chapter, a strong grasp of the following prerequisite topics is essential. 

 DiƯerentiation: Since integration is the reverse of diƯerentiation, your ability to find 
integrals depends directly on your ability to recognize functions as derivatives. A fluent 
command of all standard diƯerentiation formulas is necessary to master the 
corresponding integration formulas. 

 Algebraic Manipulation: Many functions cannot be integrated in their initial form. You 
will frequently need to use algebraic techniques—such as expanding polynomials, 
simplifying rational expressions by division, or rewriting roots as fractional 
exponents—to transform a complex integrand into a sum of simpler terms that match 
the standard integration formulas. 

1.4 Core Definitions 

The following terms are formally defined in your textbook and are crucial for understanding 
the language of this chapter. 

 Integral of f with respect to x 

o NCERT Reference: Page 227 

o Definition: The symbol representing the entire family of anti-derivatives (or 
primitives) of the function f(x). 

o Used In: The standard notation, ∫f(x) dx, for representing the class of anti-
derivatives of f(x). 

 Integrand 

o NCERT Reference: Page 227, Table 7.1 

o Definition: The function f(x) inside the integral sign ∫f(x) dx. 

o Used In: Identifying the function that needs to be integrated. 

 Variable of integration 

o NCERT Reference: Page 227, Table 7.1 

o Definition: The variable x in ∫f(x) dx. It indicates the variable with respect to 
which the integration is performed. 

o Used In: All integration problems to specify the independent variable. 
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 Integrate 

o NCERT Reference: Page 227, Table 7.1 

o Definition: The process or command to find the integral of a function. 

o Used In: Problem statements and instructions. 

 An integral of f (or Anti-derivative/Primitive) 

o NCERT Reference: Pages 225-227 

o Definition: A function F such that F'(x) = f(x). 

o Used In: Describing a specific function whose derivative is the integrand. 

 Integration 

o NCERT Reference: Page 227, Table 7.1 

o Definition: The process of finding the integral. 

o Used In: Describing the overall mathematical operation. 

 Constant of Integration 

o NCERT Reference: Page 227, Table 7.1 

o Definition: Any real number C, which is added to an anti-derivative to represent 
the entire family of possible solutions. 

o Used In: The final step of finding any indefinite integral. 

Understanding these core concepts provides the necessary vocabulary and framework. We 
will now see how these ideas are presented formally in your NCERT textbook. 

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

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

SECTION 2: WHAT NCERT SAYS 

This section distills the most important rules, properties, and examples directly from your 
NCERT textbook. It provides a focused summary of the foundational material you need to 
know for your coursework, presenting the theory as it is formally established. 

2.1 Key Statements and Properties 

The following properties of indefinite integrals are fundamental to solving problems (NCERT 
pages 229-231). 
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1. Integration and DiƯerentiation are Inverse Processes. The derivative of an integral of 
a function is the function itself: d/dx [∫f(x) dx] = f(x). Conversely, the integral of the 
derivative of a function is the function plus a constant: ∫f'(x) dx = f(x) + C. 

2. Functions with the Same Derivative Share the Same Family of Integrals. If two 
functions, f(x) and g(x), have the same derivative, their indefinite integrals belong to the 
same family of curves and diƯer only by a constant. This is why we write ∫f'(x)dx = 
∫g'(x)dx implies f(x) = g(x) + C. 

3. Integration is a Linear Operation. This principle combines two powerful rules: 

o The integral of a sum is the sum of the integrals: ∫[f(x) + g(x)] dx = ∫f(x) dx + ∫g(x) 
dx. 

o Constants can be factored out of the integral: ∫k f(x) dx = k ∫f(x) dx. Together, 
these two rules are known as the linearity property of integrals and are what 
allow us to integrate any polynomial on a term-by-term basis. 

2.2 Examples and Exercises 

The NCERT textbook uses worked examples to illustrate core techniques. The following 
examples are particularly important for building your initial skills. 

 Example 1 (Page 231): Finding an Anti-derivative by Inspection 

o What it shows: This example demonstrates the most direct application of the 
inverse relationship between diƯerentiation and integration. It involves looking 
at a function (e.g., cos 2x) and intuitively searching for another function whose 
derivative is the given function. 

o Why it's important: It reinforces the core concept of anti-diƯerentiation and 
helps you build a mental link between derivative-integral pairs. 

 Example 2 & 3 (Pages 232-233): Integration After Simplification 

o What they show: These examples illustrate how to handle integrands that are 
not in a standard form. They use algebraic manipulation (like dividing a 
polynomial by a monomial) or trigonometric identities to rewrite the integrand 
as a sum of simpler terms, which can then be integrated one by one using 
standard formulas. 

o Why it's important: This is the most common technique for introductory 
problems. It teaches you that the first step in integration is often simplification, 
not immediate formula application. 

 Example 4 (Page 233): Finding a Particular Anti-derivative 
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o What it shows: This example demonstrates how to find a unique solution by 
determining the specific value of the constant of integration, C. It provides an 
initial condition (e.g., F(0) = 3) which is used to solve for C. 

o Why it's important: It introduces the concept of a "particular solution" versus a 
"general solution" (F(x) + C) and is a foundational skill for solving diƯerential 
equations later. 

Exercise Summary (Exercise 7.1, Page 234) 

 Questions 1-5: These problems are designed to be solved using the method of 
inspection, directly mirroring the technique shown in Example 1. 

 Questions 6-20: This set focuses on applying the standard integration formulas. Most 
problems require you to first simplify the integrand algebraically or trigonometrically 
before applying the sum and constant multiple rules, as seen in Examples 2 and 3. 

 Questions 21-22: These are multiple-choice questions that test your ability to apply 
the formulas correctly. Question 22 specifically tests your ability to find a particular 
solution, similar to Example 4. 

With the textbook's formal presentation covered, we can now shift to a more practical guide 
on how to approach and solve problems systematically. 

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

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

SECTION 3: PROBLEM-SOLVING AND MEMORY 

This section moves from theory to practice. Here, we provide actionable strategies, step-by-
step methods, and a guide to avoiding common mistakes. The goal is to equip you with the 
tools needed to solve problems accurately and eƯiciently. 

3.1 Problem Types 

For this initial topic, you will primarily encounter one type of problem. 

Problem Type: Direct Integration Using Standard Formulas 

 Structural Goal: To algebraically manipulate and decompose the given integrand into 
a sum of basic functions, where each function matches one of the standard integral 
formulas (from NCERT, page 228). 

 Recognition Cues: 

o Surface: The integrand is a polynomial, a simple trigonometric or exponential 
function, a rational function that can be simplified by division, or an expression 
with roots. 



 

© ScoreLab by Profsam.com   
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in 
Physics, Chemistry, and Mathematics. 

Profsam.com 

o Structural: The function can be broken apart using the linearity properties: 
∫[f(x) + g(x)] dx = ∫f(x) dx + ∫g(x) dx. 

 What You're Really Doing: Reversing the basic rules of diƯerentiation on a term-by-
term basis after cleaning up the function. 

 NCERT References: Examples 1-3, Exercise 7.1 (Questions 6-20). 

 Confusable Types: This direct method works for simple functions. It is distinct from 
more advanced techniques like integration by substitution, which is required for 
composite functions where a function and its derivative appear in the integrand (e.g., 
∫2x sin(x² + 1) dx). 

3.2 Step-by-Step Methods 

Follow this systematic approach for solving direct integration problems. 

Type: Direct Integration Using Standard Formulas: Solution Method 

 Pre-Check: Before you begin, ask: "Can the function be simplified algebraically into a 
sum of standard forms?" 

 Core Steps: 

1. Step 1: Simplify. If necessary, expand, divide, or rewrite the integrand to 
eliminate products, quotients, or complex forms. The goal is to express it as a 
sum or diƯerence of simple terms (e.g., (x³ + 3x)/x becomes x² + 3). 

2. Step 2: Decompose. Apply the linearity property to break the integral of the 
sum into a sum of individual integrals. For example, ∫(x² + 3) dx becomes ∫x² dx 
+ ∫3 dx. 

3. Step 3: Integrate. Find the anti-derivative of each individual term by applying 
the appropriate standard formula from the list on page 228 of the NCERT text. 

4. Step 4: Combine & Finalize. Combine the results from each integral and add a 
single constant of integration, + C, at the very end. 

 Variants: 

o Rewrite roots and reciprocals using fractional or negative exponents (e.g., √x 
becomes x^(1/2)). 

o Use basic trigonometric identities to simplify expressions (e.g., (1-sin x)/cos²x 
becomes sec²x - tan x sec x). 

 When NOT to Use: This direct method is insuƯicient for composite functions like 
sin(ax+b) or e^(kx) on its own. These require an additional step based on reversing the 
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chain rule, which is the core idea of the 'Integration by Substitution' method you will 
learn next. 

3.3 How to Write Answers 

Presenting your solution clearly is as important as finding the correct answer. Model your 
work after the style in the NCERT examples. 

Answer Template 

 When to Use: This structure is suitable for all indefinite integration problems. 

 Line-by-Line Guide: 

o L1: State the problem. Begin by writing the original integral exactly as given. 

 Example: We have ∫(x³ + 5x² - 4)/x² dx 

o L2: Show simplification. On the next line, show the result of any algebraic 
simplification or decomposition. 

 Example: = ∫(x + 5 - 4x⁻²) dx 

o L3: Show integrated result. Write the anti-derivative of each term, without the 
constant of integration yet. 

 Example: = x²/2 + 5x - 4(x⁻¹)/(-1) 

o L4: Final answer. Write the fully simplified expression, followed by + C. 

 Example: = x²/2 + 5x + 4/x + C 

 Essential Phrases: Start your solution with "We have,". Conclude by stating (if 
required) "...where C is the constant of integration." 

 General Rules: 

1. Always include + C in your final answer for an indefinite integral. 

2. Show your simplification step clearly; do not perform it mentally. 

3. If you break the integral into multiple parts, combine all individual constants into a 
single + C at the end. 

4. Use proper notation, including the ∫ sign and dx at each step until you perform the 
integration. 

3.4 Common Mistakes 

Be mindful of these common errors when solving integration problems. 

 Pitfall #1: Forgetting the Constant of Integration 
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o Category: Conceptual 

o Occurs In: The final step of the problem. 

o ı. Wrong: ∫cos(x) dx = sin(x) 

o ✓ Fix: Remember that the anti-derivative is a family of functions. Always add + 
C at the end. ∫cos(x) dx = sin(x) + C. 

 Pitfall #2: Algebraic Errors During Simplification 

o Category: Algebraic 

o Occurs In: The first step (simplification). 

o ı. Wrong: (x² - 1)/x simplifies to x - 1. 

o ✓ Fix: Be careful with division. Each term in the numerator must be divided by 
the denominator. (x² - 1)/x = x²/x - 1/x = x - 1/x. 

 Condition #1: Power Rule Limitation 

o Rule: The power rule for integration, ∫xⁿ dx = (xⁿ⁺¹)/(n+1) + C, is not valid when n 
= -1. 

o When: This condition applies specifically when you are integrating 1/x. 

o Linked: When you encounter ∫(1/x) dx or ∫x⁻¹ dx, you must use the separate 
standard formula: ∫(1/x) dx = log|x| + C. 

3.5 Exam Strategy 

Focus your preparation on mastering the fundamentals presented in the first exercise. 

 Example Range: Thoroughly study Examples 1-4 (Pages 231-233) to understand the 
core techniques of inspection, simplification, and finding a particular solution. 

 Exercise Sets: Practice all questions from Exercise 7.1. This set provides 
comprehensive practice on the foundational skills required for the entire chapter. 

 Question Patterns: Be prepared for three main types of questions: 

1. Direct Formula Application: Simple integrals that directly match a standard 
formula. 

2. Simplification Required: Problems where the integrand must be algebraically 
manipulated before integration. 

3. Finding a Particular Solution: Problems that provide an initial condition to find 
the value of C. 
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 Approach: First, memorize the standard integral formulas (NCERT, page 228) until they 
are second nature. Then, work through Exercise 7.1, focusing on the algebraic 
simplification step. 

3.6 Topic Connections 

Understanding how this topic fits into the larger curriculum will deepen your comprehension. 

 Prerequisites: 

o DiƯerentiation: As the inverse process, a complete mastery of Chapter 5 
(Continuity and DiƯerentiability) is non-negotiable. 

o Trigonometric Identities: Knowledge of basic identities is needed for 
simplifying some integrands (as seen in Example 3(iii)). 

 Forward Links: 

o Definite Integrals: The concept of the anti-derivative is the key to evaluating 
definite integrals via the Fundamental Theorem of Calculus. 

o DiƯerential Equations: The process of finding a function from its derivative 
(∫f'(x)dx) is the simplest form of solving a diƯerential equation. 

o Advanced Integration Techniques: This topic is the foundation for more 
complex methods like Integration by Substitution, Partial Fractions, and By 
Parts, which are used when simple simplification is not possible. 

3.7 Revision Summary 

Use this summary for quick and eƯective revision of the core concepts. 

Key Points 

1. Integration is the inverse process of diƯerentiation. 

2. The result of an indefinite integral is a family of functions, called the anti-derivative or 
primitive. 

3. Always add the constant of integration, + C, to your final answer. 

4. Functions that have the same derivative belong to the same family of curves. 

5. Integration is a linear operator, meaning you can integrate term-by-term and factor 
out constants. 

6. Memorize the standard integral formulas (NCERT, page 228) which are derived 
directly from diƯerentiation formulas. 

7. The power rule ∫xⁿ dx fails for n = -1. The correct integral for 1/x is log|x| + C. 
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8. The most common first step is to simplify the integrand using algebra or trigonometry. 

Memory Aids 

Use this checklist to guide you through solving direct integration problems: 

 Integration Checklist: 

1. Simplify? Can I use algebra (expand, divide) or trigonometry to rewrite the 
integrand as a simple sum? 

2. Decompose? Can I break the integral into multiple, simpler integrals using the 
sum/diƯerence rule? 

3. Integrate? Can I apply a standard formula from my list to each term? 

4. Constant? Did I remember to add + C at the very end? 

Mastering these foundational concepts of integration as the inverse of diƯerentiation is the 
most critical step toward success in the entire unit on integrals. 

 


