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Calculus is a fundamental branch of mathematics that deals with the study of change,
motion, and limits. It provides powerful tools and concepts for analyzing functions,
understanding rates of change, and calculating areas and volumes. Whether you are a
student preparing for exams, a teacher designing a curriculum, or a professional needing
quick reference, having a comprehensive calculus formula sheet is invaluable. This guide
aims to compile essential formulas and concepts in calculus, organized systematically for
ease of understanding and quick access.

---

Basic Concepts and Notation

Before diving into formulas, it’s important to understand the foundational concepts and
notation used throughout calculus.

Functions and Variables
- Function notation: \( y = f(x) \)
- Independent variable: \( x \)
- Dependent variable: \( y \) or \( f(x) \)

Limits
- Limit notation: \( \lim_{x \to a} f(x) \)
- One-sided limits:
- \( \lim_{x \to a^+} f(x) \) (approaching \( a \) from the right)
- \( \lim_{x \to a^-} f(x) \) (approaching \( a \) from the left)

---

Essential Derivative Rules

Derivatives measure the rate of change of a function at a point. The following are key rules
for finding derivatives.

Basic Derivatives



Power rule: \( \frac{d}{dx} x^n = n x^{n-1} \)

Constant rule: \( \frac{d}{dx} c = 0 \)

Constant multiple rule: \( \frac{d}{dx} [c \cdot f(x)] = c \cdot f'(x) \)

Sum rule: \( \frac{d}{dx} [f(x) + g(x)] = f'(x) + g'(x) \)

Difference rule: \( \frac{d}{dx} [f(x) - g(x)] = f'(x) - g'(x) \)

Common Derivatives

Exponential functions:

\( \frac{d}{dx} e^x = e^x \)

\( \frac{d}{dx} a^x = a^x \ln a \)

Logarithmic functions:

\( \frac{d}{dx} \ln x = \frac{1}{x} \) for \( x > 0 \)

\( \frac{d}{dx} \log_a x = \frac{1}{x \ln a} \)

Trigonometric functions:

\( \frac{d}{dx} \sin x = \cos x \)

\( \frac{d}{dx} \cos x = -\sin x \)

\( \frac{d}{dx} \tan x = \sec^2 x \)

Inverse trigonometric functions:

\( \frac{d}{dx} \arcsin x = \frac{1}{\sqrt{1 - x^2}} \)

\( \frac{d}{dx} \arccos x = -\frac{1}{\sqrt{1 - x^2}} \)

\( \frac{d}{dx} \arctan x = \frac{1}{1 + x^2} \)



Chain Rule
- For composite functions: \( \frac{d}{dx} f(g(x)) = f'(g(x)) \cdot g'(x) \)

Product and Quotient Rules

Product rule:
\[
\frac{d}{dx} [f(x) \cdot g(x)] = f'(x) g(x) + f(x) g'(x)
\]

Quotient rule:
\[
\frac{d}{dx} \left[ \frac{f(x)}{g(x)} \right] = \frac{f'(x) g(x) - f(x) g'(x)}{g(x)^2}
\]

---

Integration Formulas

Integration, the inverse process of differentiation, is used to find areas, volumes, and
accumulated quantities.

Basic Integrals

Power rule:
\[
\int x^n dx = \frac{x^{n+1}}{n+1} + C \quad (n \neq -1)
\]

Constant:
\[
\int c\, dx = c x + C
\]

Exponential:
\[
\int e^x dx = e^x + C
\]

Logarithmic:



\[
\int \frac{1}{x} dx = \ln |x| + C
\]

Common Integrals

Trigonometric functions:

\( \int \sin x\, dx = - \cos x + C \)

\( \int \cos x\, dx = \sin x + C \)

\( \int \sec^2 x\, dx = \tan x + C \)

\( \int \csc^2 x\, dx = - \cot x + C \)

Inverse trigonometric functions:

\( \int \frac{1}{\sqrt{1 - x^2}} dx = \arcsin x + C \)

\( \int -\frac{1}{\sqrt{1 - x^2}} dx = \arccos x + C \)

\( \int \frac{1}{1 + x^2} dx = \arctan x + C \)

Integration by Substitution
- Replace \( u = g(x) \), then \( du = g'(x) dx \)

Integration by Parts
- Formula:
\[
\int u\, dv = uv - \int v\, du
\]

---



Special Techniques and Formulas

Some integrals and derivatives require advanced techniques.

Partial Fraction Decomposition
- Used for integrating rational functions:
- Decompose \( \frac{P(x)}{Q(x)} \) into simpler fractions.

Trigonometric Substitutions
- For integrals involving \( \sqrt{a^2 - x^2} \), \( \sqrt{a^2 + x^2} \), or \( \sqrt{x^2 -
a^2} \), substitute:
- \( x = a \sin \theta \)
- \( x = a \tan \theta \)
- \( x = a \sec \theta \)

---

Applications of Calculus

Calculus formulas are essential in various applications including finding maxima/minima,
areas, and volumes.

Optimization
- Find critical points where \( f'(x) = 0 \) or \( f'(x) \) undefined.
- Use the second derivative test:
- If \( f''(x) > 0 \), local minimum.
- If \( f''(x) < 0 \), local maximum.

Area Under a Curve
- Definite integral:
\[
A = \int_a^b f(x) dx
\]

Volume of Revolution (Disk/Washer method)
- Volume:
\[
V = \pi \int_a^b [f(x)]^2 dx



\]
- For washers with inner radius \( r_{inner} \) and outer radius \( r_{outer} \):
\[
V = \pi \int_a^b [r_{outer}^2 - r_{inner}^2] dx
\]

---

Summary of Key Formulas at a Glance

Derivative of \( x^n \): \( n x^{n-1} \)1.


