
100 integration questions with
solutions

100 integration questions with solutions serve as an essential resource for
students, educators, and professionals seeking to master integral calculus.
This comprehensive article offers a wide range of integration problems,
carefully selected to cover various techniques, including substitution,
integration by parts, partial fractions, and improper integrals. Each
question is paired with a detailed solution to facilitate understanding and
reinforce learning. Whether preparing for competitive exams, college courses,
or self-study, these integration questions with solutions provide a
structured approach to mastering the subject. The content is designed to
enhance problem-solving skills and build a solid foundation in integral
calculus. Below is a detailed overview of the topics covered in this
collection.

Basic Integration Techniques

Integration by Substitution

Integration by Parts

Integration Using Partial Fractions

Integration of Trigonometric Functions

Improper Integrals and Definite Integrals

Advanced Integration Problems

Basic Integration Techniques

Understanding basic integration techniques is fundamental for solving a wide
variety of integral problems. This section covers the simplest forms of
integration, including power rules, constant multiples, and sums of
functions. Mastery of these basics is crucial before progressing to more
complex methods.

Power Rule for Integration

The power rule is the most straightforward integration technique. For any
real number n ≠ -1, the integral of x raised to the power n is given by:

∫ xⁿ dx = (xⁿ⁺¹) / (n + 1) + C

This rule is frequently used in solving polynomial integrals and forms the
basis for many other techniques.



Integration of Constants and Sum of Functions

Integrating a constant or a sum of functions follows linearity rules:

∫ a dx = a x + C, where a is a constant.

∫ [f(x) + g(x)] dx = ∫ f(x) dx + ∫ g(x) dx, which allows the separation
of integrals.

These properties simplify complex integrals by breaking them into manageable
parts.

Integration by Substitution

Integration by substitution is a powerful technique used to simplify
integrals by changing variables. This method is particularly useful when the
integral contains a composite function.

Understanding Substitution Method

The key idea is to select a substitution u = g(x) such that the integral in
terms of x transforms into an integral in terms of u, which is easier to
evaluate. The differential du = g'(x) dx replaces part of the integrand.

Example Problem and Solution

Evaluate ∫ 2x cos(x²) dx.

Solution: Let u = x². Then, du = 2x dx, which matches the factor 2x dx in the
integral.

Rewrite the integral as ∫ cos(u) du, which equals sin(u) + C. Substituting
back, the final answer is sin(x²) + C.

Integration by Parts

Integration by parts is useful when the integrand is a product of two
functions that are not easily integrable directly. It is based on the product
rule for differentiation and helps transform the integral into a simpler
form.

Formula and Explanation

The formula for integration by parts is:

∫ u dv = uv - ∫ v du

Here, u and dv are parts of the original integrand chosen to simplify the
integral after applying the formula.



Sample Problem with Solution

Evaluate ∫ x e^x dx.

Solution: Choose u = x (so that du = dx) and dv = e^x dx (so that v = e^x).

Applying the formula gives:

∫ x e^x dx = x e^x - ∫ e^x dx = x e^x - e^x + C.

Integration Using Partial Fractions

Partial fractions decomposition simplifies the integration of rational
functions by expressing the integrand as a sum of simpler fractions. This
technique is particularly effective when integrating rational expressions
with polynomial denominators.

Steps in Partial Fraction Decomposition

The general steps include:

Factor the denominator into linear or irreducible quadratic factors.1.

Express the integrand as a sum of partial fractions with unknown2.
coefficients.

Determine the coefficients by equating numerators or substituting values3.
of x.

Integrate each partial fraction separately.4.

Example Problem and Solution

Evaluate ∫ (3x + 5) / (x² - x - 2) dx.

Solution: Factor the denominator: x² - x - 2 = (x - 2)(x + 1).

Express as partial fractions:

(3x + 5) / (x - 2)(x + 1) = A / (x - 2) + B / (x + 1).

Multiply both sides by the denominator and solve for A and B:

3x + 5 = A(x + 1) + B(x - 2).

Setting x = 2: 3(2)+5 = A(3) + B(0) ⇒ 11 = 3A ⇒ A = 11/3.

Setting x = -1: 3(-1)+5 = A(0) + B(-3) ⇒ 2 = -3B ⇒ B = -2/3.

Integrate each term:

∫ (11/3) / (x - 2) dx + ∫ (-2/3) / (x + 1) dx = (11/3) ln|x - 2| - (2/3) ln|x
+ 1| + C.

Integration of Trigonometric Functions

Trigonometric integrals often require specialized techniques including



substitution, identities, and reduction formulas. Mastery of trigonometric
integration is essential for tackling a wide array of calculus problems.

Common Trigonometric Integrals

Some frequently encountered integrals include:

∫ sin(x) dx = -cos(x) + C

∫ cos(x) dx = sin(x) + C

∫ sec²(x) dx = tan(x) + C

∫ csc²(x) dx = -cot(x) + C

Example: Integration Using Trigonometric Identities

Evaluate ∫ sin²(x) dx.

Solution: Use the identity sin²(x) = (1 - cos(2x)) / 2.

Rewrite the integral as:

∫ (1/2) dx - ∫ (cos(2x)/2) dx = (x / 2) - (1/4) sin(2x) + C.

Improper Integrals and Definite Integrals

Improper integrals involve infinite limits or integrands with infinite
discontinuities. Definite integrals evaluate the net area under a curve
within specific bounds. This section addresses evaluation techniques and
convergence criteria for improper integrals.

Evaluating Improper Integrals

Improper integrals are evaluated by taking limits of definite integrals as
the bounds approach infinity or points of discontinuity.

Example:

Evaluate ∫₁^∞ 1/x² dx.

Rewrite as limit:

limt→∞ ∫₁^t x⁻² dx = limt→∞ [-1/x]₁^t = limt→∞ (-1/t + 1) = 1.

Definite Integral with Application

Calculate the area under the curve of f(x) = x² from x = 0 to x = 2.

∫₀² x² dx = [x³ / 3]₀² = (8/3) - 0 = 8/3.



Advanced Integration Problems

This section includes challenging problems involving multiple integration
techniques, such as trigonometric substitution, reduction formulas, and
integrals involving special functions. These problems are ideal for advanced
learners seeking to deepen their understanding.

Trigonometric Substitution

Trigonometric substitution simplifies integrals involving square roots of
quadratic expressions by substituting variables with trigonometric functions.

Example Problem

Evaluate ∫ dx / √(a² - x²).

Solution: Use the substitution x = a sin θ, so that dx = a cos θ dθ and the
square root simplifies to a cos θ.

The integral becomes:

∫ (a cos θ dθ) / (a cos θ) = ∫ dθ = θ + C.

Re-substitute θ = arcsin(x/a) to get:

arcsin(x/a) + C.

Reduction Formulas

Reduction formulas express complicated integrals in terms of simpler ones of
the same type. They are especially useful for powers of trigonometric
functions or polynomials.

Example: Reduction Formula for ∫ sinⁿ(x) dx

The reduction formula is:

∫ sinⁿ(x) dx = - (1/n) sinⁿ⁻¹(x) cos(x) + ((n - 1)/n) ∫ sinⁿ⁻²(x) dx.

This formula reduces the power n step-by-step until the integral becomes
manageable.

Frequently Asked Questions

What are some common techniques used to solve
integration problems?

Common techniques include substitution, integration by parts, partial
fraction decomposition, trigonometric substitution, and using standard
integral formulas.



How can I practice 100 integration questions with
solutions effectively?

Start with basic integrals to build your foundation, then gradually move to
complex problems. Review solutions carefully, understand each step, and try
solving similar problems independently.

Where can I find a comprehensive list of 100
integration questions with solutions?

Many educational websites, calculus textbooks, and online platforms like Khan
Academy, Paul's Online Math Notes, and integral-calculus dedicated PDF books
offer curated sets of integration problems with detailed solutions.

What is the importance of solving 100 integration
questions with solutions for calculus students?

Practicing a large variety of problems helps students understand different
integration techniques, improves problem-solving skills, and prepares them
for exams by exposing them to diverse question types.

Can integration questions with solutions help in
competitive exam preparation?

Yes, practicing integration questions with solutions is crucial for
competitive exams like JEE, SAT, GRE, and others as it builds speed,
accuracy, and conceptual understanding.

How do I verify my solutions when practicing
integration problems?

You can differentiate your solution to check if it yields the original
integrand, use online integral calculators for confirmation, or compare your
answers with provided solutions.

What are some challenging integration problems
included in a set of 100 questions?

Challenging problems may involve multiple techniques like integration by
parts combined with trigonometric substitution, improper integrals, integrals
involving logarithmic or inverse trigonometric functions, and definite
integrals with tricky limits.

How do step-by-step solutions improve understanding
of integration problems?

Step-by-step solutions break down the problem-solving process, clarify the
application of techniques, help identify common mistakes, and build
confidence in handling similar problems independently.



Additional Resources
1. 100 Integration Problems with Detailed Solutions
This book offers a comprehensive collection of 100 integration problems, each
accompanied by step-by-step solutions. It covers a wide variety of
integration techniques, including substitution, integration by parts, partial
fractions, and improper integrals. Ideal for students preparing for exams or
anyone looking to strengthen their calculus skills.

2. Mastering Integration: 100 Practice Questions and Solutions
Designed for both beginners and advanced learners, this book provides 100
carefully curated integration problems with detailed explanations. The
problems range from basic integrals to more complex applications involving
trigonometric, exponential, and logarithmic functions. The solutions
emphasize problem-solving strategies and conceptual understanding.

3. 100 Challenging Integration Questions with Complete Solutions
This collection focuses on challenging integration problems that test deeper
understanding and advanced techniques. Each question is solved thoroughly,
highlighting multiple methods when applicable. It is perfect for students
aiming to excel in competitive exams or mathematical olympiads.

4. Integration Made Easy: 100 Solved Questions
A user-friendly guide that simplifies the process of learning integration
through 100 solved problems. The book breaks down complex integrals into
manageable steps and includes tips for avoiding common mistakes. Suitable for
high school and early college students seeking clarity and confidence in
integration.

5. 100 Integration Exercises with Step-by-Step Solutions
This book emphasizes practice, providing 100 exercises designed to cover all
major integration techniques. Each solution is presented in a clear, stepwise
manner, making it easy to follow and learn. Additionally, the book includes
summary notes and formula sheets for quick revision.

6. Comprehensive Integration Workbook: 100 Questions and Solutions
An extensive workbook featuring 100 integration problems with fully worked-
out solutions. The problems are arranged by difficulty, allowing learners to
progressively build their skills. It includes real-world application problems
to demonstrate the practical use of integration in science and engineering.

7. Advanced Integration Techniques: 100 Problems and Solutions
Focusing on advanced integration methods such as contour integration,
improper integrals, and special functions, this book presents 100 problems
with detailed solutions. It is geared toward university students in
mathematics, physics, and engineering disciplines. The explanations help
deepen conceptual understanding and problem-solving abilities.

8. Integration Practice Book: 100 Questions with Complete Solutions
A practical resource for honing integration skills through consistent
practice, offering 100 questions with clear, comprehensive solutions. The
book covers a broad spectrum of integrals, from polynomial to transcendental
functions, and includes exercises on definite and indefinite integrals. It’s
an excellent tool for exam preparation and skill reinforcement.

9. 100 Integration Challenges: Problems and Stepwise Solutions
This book presents 100 integration challenges designed to test and improve
problem-solving speed and accuracy. Each problem is accompanied by a
detailed, stepwise solution that explains the reasoning behind each step.



Ideal for students looking to master integration techniques and prepare for
timed assessments.
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