list of all mathematical formulas

list of all mathematical formulas encompasses a comprehensive collection of essential equations and
expressions used throughout various branches of mathematics. These formulas serve as fundamental tools
for solving problems in algebra, geometry, trigonometry, calculus, statistics, and more. Mastery of these
mathematical expressions enables efficient computation, deeper understanding of concepts, and application
in scientific and engineering disciplines. This article provides an extensive overview of key formulas that
every student, educator, and professional should be familiar with. From basic arithmetic identities to
advanced calculus equations, this list covers the breadth of mathematical knowledge. The article is
organized into main sections for clarity and ease of reference, ensuring a structured approach to the vast
array of mathematical formulas. Below is the detailed list of contents outlining the categories covered in

this comprehensive guide.

Algebraic Formulas

Geometry Formulas

¢ Trigonometric Formulas

Calculus Formulas

Probability and Statistics Formulas

Logarithmic and Exponential Formulas

Algebraic Formulas

Algebraic formulas form the foundation of mathematical operations involving variables and constants. These
formulas simplify expressions, solve equations, and analyze relationships between quantities. They are

widely used in problem-solving across various mathematical topics and practical applications.

Basic Algebraic Identities

These identities are crucial for factorization, simplification, and expansion of algebraic expressions.

e Square of a sum: (a + b)> = a? + 2ab + b?



e Square of a difference: (a - b)* = a> - 2ab + b?
« Difference of squares: a> - b’ = (a + b)(a - b)
o Cubic identities: (a + b)’ = a’ + 3a’b + 3ab”? + b*

e Sum and difference of cubes: a° + b*> = (a + b)(a® - ab + b?)

Quadratic Formula

The quadratic formula is essential for solving second-degree polynomial equations of the form ax* + bx + c

= 0. It provides the roots directly using coefficients:

x =(-b + V(b?- 4ac)) / (2a)

Factorization Formulas

Factorization helps to express polynomials as products of simpler polynomials. Common formulas include:
e Perfect square trinomials: a* £ 2ab + b® = (a + b)?
e Sum and difference of cubes (as above)

e General factorization: ax® + bx + ¢ = (mx + n)(px + q), where mp =a,nq =c,and mq + np=">b

Geometry Formulas

Geometry involves the study of shapes, sizes, and properties of space. Formulas in geometry calculate areas,

volumes, perimeters, and other properties of two-dimensional and three-dimensional figures.

Area and Perimeter Formulas

These formulas help determine the size and boundary length of various geometric shapes.

» Rectangle: Area = length x width; Perimeter = 2(length + width)

e Square: Area = side’; Perimeter = 4 x side



e Triangle: Area = % x base x height; Perimeter = sum of all sides
e Circle: Area = nr%; Circumference = 2nr

o Parallelogram: Area = base x height; Perimeter = 2(base + side)

Volume and Surface Area Formulas

These formulas calculate the space occupied and the surface covering of 3D shapes.

e Cube: Volume = side?; Surface Area = 6 x side?

e Cuboid (Rectangular Prism): Volume = length x width x height; Surface Area = 2(lw + lh + wh)
e Cylinder: Volume = nr’h; Surface Area = 2nr(h + r)

e Sphere: Volume = (4/3)nr? Surface Area = 4nr?

e Cone: Volume = (1/3)nr’h; Surface Area = nr(l + r), where 1 is slant height

Coordinate Geometry Formulas

Coordinate geometry blends algebra and geometry to analyze points, lines, and figures in the coordinate

plane.

Distance between two points: d = V[(x2 - x4)* + (y2 - y1)*]

Midpoint formula: M = ((x1 + x2)/2, (y1 + y2)/2)

Slope of a line: m = (y; - y1)/(x2 - X1)

Equation of a line: y = mx + b, where m is slope and b is y-intercept



Trigonometric Formulas

Trigonometry deals with relationships between angles and sides of triangles, particularly right-angled

triangles. These formulas are foundational in fields such as physics, engineering, and navigation.

Basic Trigonometric Ratios

These ratios define the relationships between sides and angles in right triangles.

e Sine: sin 6 = opposite / hypotenuse
o Cosine: cos O = adjacent / hypotenuse

e Tangent: tan 6 = opposite / adjacent

Pythagorean Identity

This fundamental identity relates sine and cosine functions:

sin%0 + cos®0 = 1

Angle Sum and Difference Formulas

These formulas express trigonometric functions of sums or differences of angles.

e sin(a £ b) =sin acos b + cos a sin b
e cos(atb)=cosacosbFsinasinb

e tan(a + b) = (tan a  tan b) / (1 ¥ tan a tan b)

Double Angle Formulas

Double angle identities provide expressions for trigonometric functions of twice an angle.

e sin 26 = 2 sin O cos 6



e cos 20 =cos?® —sin0 =2 cos?® — 1 =1-2sin%0

e tan 20 = 2 tan 6 / (1 — tan?0)

Calculus Formulas

Calculus involves the study of change and motion through derivatives and integrals. The formulas in this

section assist in differentiation, integration, limits, and series expansions.

Derivative Formulas

Derivatives represent rates of change and slopes of curves. Key differentiation formulas include:

d/dx (c) = 0, where c is a constant

d/dx (x*) = n x™*

d/dx (sin x) = cos x

d/dx (cos x) = —sin x

d/dx (e*) = e*

Product rule: d/dx (uv) = u'v + uv'
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Quotient rule: d/dx (u/v) = (u'v —uv') / v

Chain rule: d/dx f(g(x)) = f'(g(x)) - g'(x)

Integral Formulas

Integrals calculate area under curves and accumulations. Fundamental integral formulas include:
e fcdx=cx+C

o {x"dx =x"")/(n+1) +C,n # —1



e {eXdx=e*+C
e {sinxdx=-cosx +C
e {cosxdx=sinx+C

e Integration by parts: { udv =uv - { v du

Limit Formulas

Limits describe the behavior of functions as the input approaches a specific value.
e limx—>ac=c
e lim x>0 (sinx) / x =1

e lim x> (1 + 1/x)*=e

Probability and Statistics Formulas

Probability and statistics involve quantifying uncertainty and analyzing data patterns. These formulas aid in

calculating probabilities, measures of central tendency, and dispersion.

Probability Formulas

Probability formulas help determine the likelihood of events.

Probability of an event E: P(E) = Number of favorable outcomes / Total outcomes

Complement rule: P(E') = 1 — P(E)

Addition rule (for mutually exclusive events): P(A U B) = P(A) + P(B)

Multiplication rule (for independent events): P(A N B) = P(A) x P(B)



Statistical Measures

These formulas represent data characteristics and variability.

e Mean (average): p = (Xx;) / n

Median: Middle value in ordered data set

Mode: Most frequently occurring value
e Variance: 0* = (X(x; — p)») / n

Standard deviation: o = +/variance

Logarithmic and Exponential Formulas

Logarithms and exponents express exponential growth or decay and solve equations involving powers.

Their formulas simplify complex calculations and are extensively used in science and engineering.

Logarithmic Identities

Logarithmic formulas convert multiplicative processes into additive ones.

log,(xy) = log, x + log, y

log,(x/y) = log, x — log, y

log,(x") = n log, x

Change of base formula: log_ b x =log cx/log cb

log.a=1

log.1=0



Exponential Formulas

Exponential formulas describe repeated multiplication of a base number.

a%=1(a#0)

Frequently Asked Questions

What are the most essential mathematical formulas to memorize?

The most essential mathematical formulas to memorize include the quadratic formula, area and volume
formulas for common shapes, Pythagorean theorem, basic trigonometric identities, and algebraic identities
like (at+b)"2 = a"2 + 2ab + b"2.

Where can I find a comprehensive list of all mathematical formulas?

You can find comprehensive lists of mathematical formulas in textbooks, educational websites like Khan
Academy, Math is Fun, and in reference books such as 'Mathematical Handbook of Formulas and Tables.’

Many PDFs and online resources also compile formulas by topic.

How are mathematical formulas categorized?

Mathematical formulas are typically categorized by branches of mathematics such as algebra, geometry,
trigonometry, calculus, statistics, and probability. Within these, formulas are further grouped by their

application, like area formulas, derivative formulas, or probability distributions.

Why is it important to learn and understand mathematical formulas?

Learning and understanding mathematical formulas is important because they provide concise ways to
express relationships and solve problems efficiently. They are foundational tools in science, engineering,

economics, and everyday problem-solving.



Are there formulas that apply across multiple areas of mathematics?

Yes, some formulas and concepts, such as the quadratic formula, exponential functions, and logarithms,
appear across multiple areas like algebra, calculus, and statistics, demonstrating their fundamental

importance.

How can I effectively memorize a large list of mathematical formulas?

To effectively memorize mathematical formulas, use techniques like spaced repetition, flashcards,
understanding the derivation behind formulas, grouping related formulas, and applying them in practice

problems to reinforce memory.

Do mathematical formulas change over time?

Mathematical formulas themselves do not change since they are derived from consistent mathematical
principles. However, new formulas and methods can be developed as mathematics advances, especially in

applied fields or advanced theoretical research.

Additional Resources

1. Mathematical Formulas and Applications

This comprehensive book covers a wide range of mathematical formulas across algebra, geometry, calculus,
and more. It is designed as a quick reference guide for students and professionals who need to recall
important formulas efficiently. Each formula is accompanied by practical examples to illustrate its

application in solving problems.

2. The Ultimate Handbook of Mathematical Formulas
A detailed compilation that includes formulas from various branches of mathematics such as trigonometry,
statistics, and linear algebra. This handbook is ideal for exam preparation and quick revision, providing clear

explanations alongside each formula. It also includes tips for memorization and common pitfalls to avoid.

3. Mathematical Formula Book: From Basics to Advanced

This book bridges the gap between elementary and advanced mathematics by systematically organizing
formulas in an easy-to-understand format. It is suitable for high school and college students, offering step-
by-step derivations and practical uses. The book also features problem sets to test comprehension and

application skills.

4. Essential Mathematical Formulas for Engineers and Scientists

Tailored specifically for engineering and science students, this book presents formulas that are crucial for
technical problem-solving. It covers topics like differential equations, complex numbers, and vector
calculus, emphasizing real-world applications. The clear layout helps readers quickly find and apply the

necessary formulas in their work.



5. Quick Reference Guide to Mathematical Formulas
A handy, compact guide designed for rapid access to key formulas across all major areas of mathematics.
This book is perfect for students during exams or professionals needing an on-the-go reference. It includes

well-organized sections and mnemonic devices to enhance recall.

6. Mathematical Formulas: A Concise Encyclopedia

This encyclopedia offers an extensive collection of mathematical formulas categorized by topic, from
number theory to calculus. It serves both as a learning tool and a reference, with detailed explanations and
historical notes on the development of important formulas. The book is suitable for enthusiasts and

academics alike.

7. Comprehensive List of Mathematical Formulas and Identities
Focusing on identities and equalities, this book compiles a vast range of algebraic, trigonometric, and
calculus formulas. It includes proofs and derivations to deepen understanding, making it a valuable resource

for advanced students. The clear organization helps users navigate complex formula relationships easily.

8. Mathematical Formulas for Competitive Exams
Specifically created for students preparing for competitive exams, this book highlights the most frequently
used formulas and shortcuts. It covers arithmetic, algebra, geometry, and data interpretation with practice

questions for each topic. The concise explanations ensure quick learning and effective revision.

9. Visual Guide to Mathematical Formulas

This unique book combines formulas with visual diagrams and graphs to aid comprehension and retention.
It is especially helpful for visual learners who benefit from seeing formulas in context. The book covers a
broad spectrum of mathematics and includes real-life applications to demonstrate the relevance of each

formula.
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