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INTRODUCTION: MASTERING THE
CORE FORMULAS OF ALGEBRA 2

Algebra 2  is  often seen as  the bridge
between foundational algebraic concepts
and the more abstract world of upper-
level  mathematics.  It  is  a  course  that
challenges  students  to  think  flexibly
about  numbers,  variables,  and  the
relationships that govern them. Whether
you are preparing for an exam, helping a
child with homework, or simply brushing

up on your math skills,  having a solid
grasp of the most important formulas for
Algebra  2  can  transform  a  daunting
subject  into  a  manageable  and  even
enjoyable puzzle. These formulas are not
just  abstract  rules;  they  are  powerful
tools that allow you to model real-world
situations,  from calculating  investment
growth to understanding the trajectory
of  a  basketball.  In  this  article,  we will
explore the essential formulas that every
Algebra 2 student should know, broken
down by topic for easy reference. By the
end,  you  will  have  a  clear,  organized
mental map of the equations that form
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the backbone of this critical course.

LINEAR FUNCTIONS AND
EQUATIONS

Before diving into more complex topics,
i t  i s  v i t a l  t o  r ev i s i t  t he  l i nea r
relationships  that  continue  to  appear
throughout  Algebra  2.  Linear  functions
are the simplest  type of  function,  and
their  formulas serve as the foundation
for everything that follows.

The Slope-
Intercept Form
The most recognizable form of a linear
equation is the slope-intercept form: y =
mx + b. Here, m represents the slope,

which tells you how steep the line is, and
b is the y-intercept, the point where the
line crosses the y-axis.  This formula is
your go-to for quickly graphing a line or
understanding its rate of change.

Point-Slope Form
When you know a line's slope and one
point on the line, the point-slope form is
incredibly useful:  y – y₁ = m(x – x₁).
This  formula  allows  you  to  write  the
equation of a line without needing the y-
intercept  directly,  making  it  ideal  for
problems  where  you  are  given  two
points or a slope and a point.
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Standard Form
Another  common representation  is  the
standard form: Ax + By = C, where A,
B,  and  C  are  integers,  and  A  is  non-
negative.  While  not  as  immediately
intuitive for graphing, the standard form
is  excellent  for  solving  systems  of
equations  using  elimination  methods.

The Distance and
Midpoint
Formulas
Two geometric formulas that frequently
appear in Algebra 2 coordinate geometry
problems are the distance formula and

the midpoint formula.

Distance Formula: d = √[(x₂ –
x₁)² + (y₂ – y₁)²]. This is derived
from the Pythagorean theorem
and gives the straight-line distance
between any two points in the
coordinate plane.
Midpoint Formula: M = ((x₁ +
x₂)/2 , (y₁ + y₂)/2). This calculates
the point exactly halfway between
two given points.

QUADRATIC FUNCTIONS AND
EQUATIONS

Quadratics are the heart of  Algebra 2.
Mastering the formulas below will allow
you to solve any quadratic equation and
understand  the  behavior  of  parabolic
graphs.
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The Quadratic
Formula
Perhaps the most famous formula in all
of algebra, the quadratic formula solves
any quadratic equation of the form ax²
+ bx + c = 0:
x = [–b ± √(b² – 4ac)] / (2a)
The expression under the square root, b²
– 4ac, is called the discriminant. It tells
you how many real solutions exist: if the
discriminant  is  positive,  there  are  two
distinct  real  roots;  if  zero,  one  real
repeated  root;  and  if  negative,  two
complex (non-real) roots.

Vertex Form of a
Quadratic
To find the vertex of a parabola quickly,
use vertex form: y = a(x – h)² + k. The
vertex is at the point (h, k). This form is
essential for graphing transformations of
the basic parabola y = x².

Standard Form
Vertex Formula
If you have a quadratic in standard form,
you  can  find  the  x-coordinate  of  the
vertex using x = –b / (2a). Substituting
this value back into the equation gives
you the y-coordinate of the vertex.
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Factoring
Patterns
Several  special  factoring  formulas
appear  repeatedly  in  Algebra  2:

Difference of Squares: a² – b² =
(a – b)(a + b)
Perfect Square Trinomial: a² +
2ab + b² = (a + b)² and a² – 2ab +
b² = (a – b)²
Sum and Difference of Cubes:
a³ + b³ = (a + b)(a² – ab + b²) and
a³ – b³ = (a – b)(a² + ab + b²)

POLYNOMIAL FUNCTIONS AND
OPERATIONS

Beyond quadratics, Algebra 2 introduces

higher-degree polynomials. Key formulas
help  with  dividing,  factoring,  and
analyzing  these  functions.

Remainder
Theorem and
Factor Theorem
When a polynomial f(x) is divided by (x –
c),  the  remainder  is  f(c).  This  is  the
Remainder  Theorem.  The  Factor
Theorem states that (x – c) is a factor of
f(x)  i f  and  only  i f  f (c)  =  0.  These
theorems  are  fundamental  for  finding
roots  and  simplifying  polynomials.
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Rational Root
Theorem
To  find  possible  rational  roots  of  a
polynomial  with  integer  coefficients,  the
rational  root  theorem  is  extremely
helpful: possible rational roots are of the
form ± (factors of the constant term) /
(factors  of  the  leading  coefficient).  This
narrows  down  the  candidates  for
synthetic  division.

Synthetic

Division
While not a formula per se, the process
of synthetic division is a quick method to
divide a polynomial by a binomial of the
form (x –  c).  Knowing how to apply it
efficiently  is  just  as  important  as  any
formula.

General Form of
a Polynomial
A polynomial function is often written as
f(x) = aₙxⁿ + aₙ₋₁xⁿ⁻¹ + ... + a₁x + a₀
where aₙ ≠ 0. The degree n determines
the maximum number of real roots and
the general shape of the graph.
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EXPONENTIAL AND LOGARITHMIC
FUNCTIONS

Exponential  growth  and  decay,  along
w i t h  t h e i r  i n v e r s e
functions—logarithms—are  central  to
Algebra 2. These formulas are used in
finance, biology, and physics.

Exponential
Growth and
Decay
The basic  exponential  function  is  y =
abˣ, where a is the initial value, b is the
growth factor (b > 1 for growth, 0 < b <
1 for decay), and x is the exponent. For

continuous growth, use A = Peʳᵗ, where
P is the principal, r is the rate, and t is
time.

Logarithm
Definition
A  logarithm  answers  the  question:  to
what exponent must a base be raised to
get  a  certain  number?  The  definition:
logₐ(x)  =  y  means  aʸ  =  x .  Th is
equivalence  is  crucial  for  solving
exponential  equations.

Properties of
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Logarithms
Three key properties allow you to rewrite
logarithmic expressions:

Product Rule: logₐ(MN) = logₐ(M)1.
+ logₐ(N)
Quotient Rule: logₐ(M/N) =2.
logₐ(M) – logₐ(N)
Power Rule: logₐ(Mᵖ) = p · logₐ(M)3.

Change of Base
Formula
When you need to evaluate a logarithm
in  a  different  base  (e.g.,  on  a  calculator
that only has log base 10 or natural log),
use: logₐ(x) = logₓ(x) / logₓ(a), where

the  new  base  can  be  any  convenient
base.

SEQUENCES AND SERIES

Algebra  2  often  includes  the  study  of
arithmetic and geometric sequences and
their sums. These formulas are essential
for  pattern  recognition  and  real-world
applications  like  loan  payments  or
population  growth.

Arithmetic
Sequences
An arithmetic sequence has a constant
difference  d  between  terms.  The  nth
term is given by: aₙ = a₁ + (n – 1)d.
The sum of the first n terms is: Sₙ = n/2
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× (a₁ + aₙ) or equivalently Sₙ = n/2 ×
[2a₁ + (n – 1)d].

Geometric
Sequences
A geometric  sequence  has  a  constant
ratio r between terms. The nth term is:
aₙ  =  a₁  ·  rⁿ⁻¹.  The  sum  of  the  first  n
terms is: Sₙ = a₁(1 – rⁿ) / (1 – r) for r ≠
1. For an infinite geometric series where
|r| < 1, the sum is: S = a₁ / (1 – r).

SYSTEMS OF EQUATIONS AND
MATRICES

S o l v i n g  m u l t i p l e  e q u a t i o n s
simultaneously is a key skill, and Algebra
2  often  introduces  matrices  as  a

powerful  tool.

Solving Linear
Systems
Three  main  methods:  substitution,
elimination, and graphing. The formulas
for elimination often rely on rearranging
equations to the standard form Ax + By
=  C.  For  three  variables,  the  method
extends logically.

Cramer's Rule
For  a  system  of  l inear  equations
represented  in  matrix  form,  Cramer's
Rule  uses  determinants  to  find  each
variable. For a 2×2 system: x = det(Aₓ) /
det(A) and y = det(Aᵧ) / det(A), where A
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is  the  coefficient  matrix  and  Aₓ,  Aᵧ  are
matrices  with  the  constant  column
substituted.

Determinant of a
2×2 Matrix
The determinant of matrix [a b; c d] is
ad – bc. For a 3×3 matrix, use the more
involved  formula  using  minors  and
cofactors.

PROBABILITY AND STATISTICS

Algebra  2  frequently  includes  an
introduct ion  to  probabi l i ty  and
combinatorics.  These formulas quantify
uncertainty and counting.

Permutations
The number of ways to arrange r items
from a  set  of  n  distinct  items,  where
order matters, is: ₙPᵣ = n! / (n – r)!.

Combinations
The number of ways to choose r items
from n, where order does not matter, is:
ₙCᵣ = n! / [r!(n – r)!].

Probability of an
Event
The probability of an event A is: P(A) =
(number  of  favorable  outcomes)  /
(total  number  of  outcomes).  For
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independent events, P(A and B) = P(A) ×
P(B). For mutually exclusive events, P(A
or B) = P(A) + P(B).

Expected Value
For a random variable X with possible
values  xᵢ  and  probabilities  pᵢ,  the
expected  value  is:  E(X)  =  Σ  (xᵢ  ·  pᵢ).

CONIC SECTIONS

Conic  sections—parabolas,  circles,
ellipses, and hyperbolas—are explored in
Algebra 2. Each has a standard equation
formula  that  defines  its  shape  and
orientation.

Circle
The equation of a circle with center (h, k)
and radius r is


