
calculus 2 formulas

calculus 2 formulas are essential tools for students and professionals working with advanced

mathematical concepts involving integration, sequences, series, and differential equations. This branch

of calculus builds upon the fundamentals learned in Calculus 1, introducing more complex techniques

and formulas that facilitate solving intricate problems. Understanding these formulas is crucial for

mastering topics such as integration methods, convergence tests, parametric equations, and polar

coordinates. This article provides a comprehensive overview of the most important calculus 2 formulas,

ensuring a clear and well-organized presentation that covers integration techniques, series formulas,

parametric and polar coordinate relationships, and differential equations essentials. Each section is

designed to enhance comprehension and support practical application in academic and professional

settings.

Integration Techniques and Formulas

Infinite Series and Convergence Tests

Parametric and Polar Coordinates Formulas

Differential Equations Key Formulas

Integration Techniques and Formulas

Integration is a central topic in Calculus 2, extending beyond basic antiderivatives to more advanced

methods for evaluating complex integrals. Mastery of these integration techniques and their

corresponding formulas is vital for solving problems in physics, engineering, and applied mathematics.



Integration by Parts

Integration by parts is a technique derived from the product rule for differentiation. It is particularly

useful when integrating the product of two functions where direct integration is difficult.

The formula for integration by parts is:

∫ u dv = uv - ∫ v du

Here, u and dv are parts of the original integral chosen strategically to simplify the integration process.

Trigonometric Integrals

Calculus 2 includes formulas for integrating powers and products of trigonometric functions. These

involve identities and reductions to transform complex integrals into simpler forms.

∫ sin^n(x) dx and ∫ cos^n(x) dx often use power-reduction formulas.

∫ sin(ax) cos(bx) dx can be simplified using product-to-sum identities.

Common integrals include ∫ sec(x) dx = ln |sec(x) + tan(x)| + C and ∫ csc(x) dx = -ln |csc(x) +

cot(x)| + C.

Partial Fraction Decomposition

This method is essential for integrating rational functions where the degree of the numerator is less

than the denominator. The rational function is decomposed into simpler fractions easier to integrate.

Partial fractions take the form:

f(x)/g(x) = Σ (A/(x - r)) + Σ (Bx + C)/(quadratic factors)

These components are integrated individually using basic integral formulas.



Improper Integrals

Improper integrals involve infinite limits or integrands with infinite discontinuities. Calculus 2 formulas

provide ways to evaluate these integrals through limits:

∫_a^∞ f(x) dx = lim_{t→∞} ∫_a^t f(x) dx

Convergence or divergence of improper integrals is determined based on these limits.

Infinite Series and Convergence Tests

Infinite series are sums of infinitely many terms and are a major focus of Calculus 2. Various formulas

and tests determine their convergence or divergence, essential for approximations and mathematical

analysis.

Geometric Series

The geometric series is one of the simplest infinite series forms, characterized by a constant ratio

between terms.

Its sum formula for |r| < 1 is:

∑_{n=0}^∞ ar^n = a / (1 - r)

where a is the first term and r is the common ratio.

p-Series

A p-series is an infinite series of the form:

∑_{n=1}^∞ 1/n^p

This series converges if and only if p > 1 and diverges otherwise, which is a fundamental test for

series convergence.



Convergence Tests

Calculus 2 formulas include several tests to analyze series behavior:

Integral Test: Links series convergence to improper integrals.1.

Comparison Test: Compares a series to a known benchmark series.2.

Ratio Test: Uses the limit of the ratio of consecutive terms.3.

Root Test: Uses the nth root of the nth term.4.

Alternating Series Test: Applies to series with alternating positive and negative terms.5.

Power Series and Taylor Series

Power series express functions as infinite sums of powers of (x - a). The Taylor series is a special

type of power series used to approximate functions near a point.

The Taylor series formula for a function f centered at a is:

f(x) = ∑_{n=0}^∞ (f^{(n)}(a) / n!) (x - a)^n

Here, f^{(n)}(a) denotes the nth derivative of f evaluated at a.

Parametric and Polar Coordinates Formulas

Calculus 2 expands the study of curves by introducing parametric equations and polar coordinates,

which describe curves in a plane differently than Cartesian coordinates.



Parametric Equations

Parametric equations express the coordinates of points on a curve as functions of a parameter, usually

denoted t. Key formulas include derivatives and arc length of parametric curves.

The derivative dy/dx is given by:

dy/dx = (dy/dt) / (dx/dt)

The arc length of a parametric curve between t = a and t = b is:

L = ∫_a^b √((dx/dt)^2 + (dy/dt)^2) dt

Polar Coordinates

Polar coordinates represent points in the plane by radius r and angle θ, offering alternative ways to

describe curves.

The relationship between Cartesian and polar coordinates is:

x = r cos θ

y = r sin θ

r = √(x² + y²)

θ = tan⁻¹(y/x)

Derivatives and Areas in Polar Coordinates

The derivative dy/dx in terms of polar coordinates is:

dy/dx = (dr/dθ sin θ + r cos θ) / (dr/dθ cos θ - r sin θ)

Area enclosed by a polar curve from θ = a to θ = b is calculated by:



A = (1/2) ∫_a^b [r(θ)]^2 dθ

Differential Equations Key Formulas

Calculus 2 introduces basic differential equations and methods to solve them, which are essential for

modeling various phenomena in science and engineering.

Separable Differential Equations

Separable equations allow separation of variables into functions of x and y:

dy/dx = g(x)h(y)

Rearranged as:

∫ 1/h(y) dy = ∫ g(x) dx + C

This integral form is used to find implicit or explicit solutions.

Linear First-Order Differential Equations

The standard form is:

dy/dx + P(x)y = Q(x)

The integrating factor μ(x) is:

μ(x) = e^{∫ P(x) dx}

The solution formula is:

y(x) = (1/μ(x)) ∫ μ(x) Q(x) dx + C/μ(x)



Second-Order Linear Differential Equations

These equations take the form:

ay'' + by' + cy = 0

The characteristic equation is:

ar^2 + br + c = 0

Its roots determine the general solution types:

Two distinct real roots: y = C_1 e^{r_1 x} + C_2 e^{r_2 x}

One repeated root: y = (C_1 + C_2 x) e^{r x}

Complex roots: y = e^{α x} (C_1 cos β x + C_2 sin β x)

Frequently Asked Questions

What are the common integration formulas used in Calculus 2?

Common integration formulas include ∫x^n dx = (x^(n+1))/(n+1) + C for n ≠ -1, ∫e^x dx = e^x + C,

∫sin x dx = -cos x + C, ∫cos x dx = sin x + C, and ∫1/x dx = ln|x| + C.

How is the formula for the integral of inverse trigonometric functions

derived?

The integral formulas for inverse trig functions, such as ∫1/√(1-x²) dx = arcsin x + C and ∫1/(1+x²) dx

= arctan x + C, are derived using substitution and recognizing the derivatives of inverse trig functions.



What is the formula for the volume of a solid of revolution in Calculus

2?

The volume V of a solid formed by revolving a region around an axis can be calculated using the disk

method: V = π ∫[a to b] [f(x)]² dx, or the shell method: V = 2π ∫[a to b] x f(x) dx.

How do you apply the integration by parts formula in Calculus 2?

Integration by parts formula is ∫u dv = uv - ∫v du, where u and dv are parts of the integrand chosen

to simplify the integral when differentiated or integrated respectively.

What is the formula for the length of a curve in Calculus 2?

The arc length L of a curve y = f(x) from x = a to x = b is given by L = ∫[a to b] √(1 + (dy/dx)²) dx.

How do you find the surface area of a solid of revolution?

The surface area S generated by revolving a curve y = f(x) about the x-axis from x = a to x = b is S =

2π ∫[a to b] f(x) √(1 + (dy/dx)²) dx.

What is the formula for the Taylor series expansion in Calculus 2?

The Taylor series of a function f(x) centered at a is given by f(x) = Σ (fⁿ(a)/n!) (x - a)ⁿ, where fⁿ(a) is

the nth derivative evaluated at a.

How are improper integrals evaluated using limit formulas in Calculus

2?

Improper integrals are evaluated by taking limits: for example, ∫[a to ∞] f(x) dx = lim(t→∞) ∫[a to t] f(x)

dx. The integral converges if this limit exists and is finite.



Additional Resources

1. Essential Calculus II Formulas and Concepts

This book provides a comprehensive collection of formulas specifically tailored for Calculus II topics,

including integration techniques, series, and parametric equations. It serves as a quick reference guide

for students to reinforce their understanding and improve problem-solving efficiency. Each formula is

accompanied by concise explanations and examples to enhance learning.

2. Calculus II: Integration Techniques and Applications

Focusing on the core integration methods taught in Calculus II, this book offers detailed explanations

and numerous practice problems. Readers will find step-by-step guides for substitution, integration by

parts, partial fractions, and improper integrals. Additionally, the text explores applications such as

volume and arc length calculations.

3. Infinite Series and Sequences: A Calculus II Approach

This book delves into the study of sequences and infinite series, including convergence tests and

power series representations. It breaks down complex concepts into manageable sections, making it

ideal for students struggling with series-related topics. The formulas are clearly presented alongside

real-world examples.

4. Parametric and Polar Coordinates in Calculus II

Explore the world of parametric equations and polar coordinates with this focused guide. It covers

derivative and integral formulas specific to these coordinate systems, along with graphing techniques

and applications. The book is designed to help students master these less intuitive areas of Calculus

II.

5. Multivariable Calculus II Formulas and Applications

This text extends Calculus II concepts into multiple dimensions, covering partial derivatives, multiple

integrals, and vector calculus basics. It provides essential formulas and explains their practical

applications in physics and engineering. Ideal for students transitioning from single-variable to

multivariable calculus.



6. Calculus II Formula Handbook: Series, Integrals, and More

A compact and user-friendly handbook compiling all critical formulas encountered in Calculus II. It

includes integration techniques, series expansions, and special functions. The concise format makes it

perfect for quick review before exams or as a supplementary study tool.

7. Advanced Techniques in Integration: A Calculus II Guide

This book emphasizes advanced integration techniques beyond the basics, such as trigonometric

substitutions and numerical integration methods. It includes detailed proofs and problem sets that

challenge students to deepen their understanding. The clear presentation aids in mastering complex

integral problems.

8. Calculus II: Differential Equations and Their Formulas

Covering first-order differential equations and their solutions, this book links Calculus II material with

introductory differential equations. It presents formulas for separable, linear, and exact equations,

along with applications in modeling physical phenomena. The text is suitable for students looking to

expand their calculus toolkit.

9. Applied Calculus II: Formulas for Physics and Engineering

Designed for students in STEM fields, this book highlights Calculus II formulas most relevant to

physics and engineering problems. It includes applications in mechanics, electromagnetism, and fluid

dynamics, emphasizing real-world problem solving. The integration of theory and application makes it

an invaluable resource.
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