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INTRODUCTION: THE BUILDING BLOCKS OF ALGEBRA
2

Algebra 2 marks a pivotal shift in a student’s mathematical
journey. It is where concrete arithmetic gives way to abstract
reasoning, and where the concept of a function becomes a
central lens for understanding change. At the heart of this
transition lies an essential topic: Algebra 2 parent functions
and transformations. This framework provides a systematic
way to understand how every function behaves, how it can be
moved, stretched, or flipped on a coordinate plane, and how
these changes correspond to real-world phenomena. Mastering
parent functions and their transformations not only simplifies
graphing but also lays the groundwork for calculus, physics, and
data science. In this article, we’ll explore what parent functions
are, the fundamental transformation rules, and how to apply
them with confidence.

WHAT ARE PARENT FUNCTIONS IN ALGEBRA 2?

A parent function is the simplest, most basic form of a function
family. It serves as a template from which all other functions in
that family are derived through transformations. For example, the
quadratic family has the parent function f(x) = x2. Every parabola
you encounter - whether shifted, reflected, or stretched - is a
transformation of this simple curve. In Algebra 2, recognizing
these core structures is the first step toward mastering
transformations.

Common parent functions include:

e Linear: f(x) = x - a straight line through the origin with
slope 1.

e Quadratic: f(x) = x? - a symmetric U-shaped curve
(parabola) opening upward.

e Cubic: f(x) = x3 - an S-shaped curve that passes through
the origin.

e Square Root: f(x) = Vx - a curve that starts at (0,0) and
increases slowly.

e Absolute Value: f(x) = |x| - a V-shaped graph with a
vertex at the origin.

e Exponential: f(x) = b~ x (often b=2 or b=e) - grows or
decays rapidly.

e Logarithmic: f(x) = log_b(x) - the inverse of exponential,
passing through (1,0).

e Rational (Reciprocal): f(x) = 1/x - a hyperbola with two
branches.

Each parent function has distinct characteristics - domain, range,
intercepts, and symmetry - that make it recognizable. Once you
internalize these, transformations become a matter of applying a
set of predictable rules.

UNDERSTANDING FUNCTION TRANSFORMATIONS

Transformations are operations that alter the graph of a parent
function without changing its fundamental shape. In Algebra 2,
we study four main types: translations (shifts), reflections,
stretches, and compressions. These can be applied vertically
(affecting y-values) or horizontally (affecting x-values). The

beauty of transformations is that they follow standard algebraic
patterns, so you can write the transformed function directly from
the description.

Vertical and Horizontal
Translations (Shifts)

A translation slides the entire graph up, down, left, or right
without changing its orientation or size.

» Vertical shift: Adding a constant k to the function moves
the graph up (k > 0) or down (k < 0). For example, f(x) = x?
+ 3 shifts the parabola up 3 units.

e Horizontal shift: Replacing x with (x - h) moves the graph
right (h > 0) or left (h < 0). For instance, f(x) = (x - 2)3
shifts the cubic right by 2 units. Be careful: the sign inside
the parentheses is opposite to the direction of the shift.

In general, a function g(x) = f(x - h) + k represents a translation
of the parent function f(x) by h units horizontally and k units
vertically.

Reflections

Reflections produce mirror images of the graph across a line,
typically the x-axis or y-axis.

» Reflection across the x-axis: Multiply the entire function
by -1, i.e., g(x) = -f(x). This flips the graph upside down.
For example, g(x) = -Vx reflects the square root function
below the x-axis.

» Reflection across the y-axis: Replace x with -x, i.e., g(x)
= f(-x). This flips the graph left-to-right. For instance, g(x)
= |-x| is the same as |x| because absolute value is even,
but g(x) = (-x)3 reflects the cubic.

Some functions, like even functions (symmetric about the y-axis),
remain unchanged after a y-axis reflection. Odd functions
(symmetric about the origin) become their own reflection across
both axes.

Stretches and
Compressions (Dilations)

Dilations change the steepness or width of a graph.

* Vertical stretch/compression: Multiply the function by a
factor a. If |[a| > 1, the graph stretches vertically (becomes
narrower or steeper). If 0 < |a| < 1, it compresses vertically
(becomes wider or flatter). For example, f(x) = 2x2?is a
vertical stretch of the parabola; f(x) = (1/3)x? is a vertical
compression.

e Horizontal stretch/compression: Replace x with (x/b) (or
equivalently multiply the input by a constant). If |b| > 1,
the graph stretches horizontally (wider). If 0 < |b| < 1, it
compresses horizontally (narrower). For example, f(x) =
(2x)? is a horizontal compression (the parabola becomes
narrower). Note that horizontal dilations are the opposite of
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what intuition might suggest.

Combining these transformations can produce complex graphs.
The general form for a transformed function is g(x) = a - f(b(x -
h)) + k, where a controls vertical stretch/reflection, b controls
horizontal stretch/reflection (and is often written as 1/scale), h is
horizontal shift, and k is vertical shift.

HOW TO GRAPH TRANSFORMATIONS STEP BY STEP

When you encounter a function like g(x) = -2V(x - 1) + 3, you
can graph it by starting with the parent function f(x) = vx and
applying transformations in a systematic order. Follow these
steps:

1. Identify the parent function. Here it is the square root
function.

2. Apply horizontal and vertical reflections first. The
negative sign outside the square root indicates a reflection
across the x-axis. (If there is a negative inside the
parentheses, that would be a y-axis reflection.)

3. Apply stretches and compressions. The factor 2 means
a vertical stretch by 2 (each y-value is doubled).

4. Apply horizontal shift. The term (x - 1) shifts the graph 1
unit to the right.

5. Apply vertical shift last. The +3 shifts the graph up 3
units.

By plotting key points from the parent function (e.g., (0,0), (1,1),
(4,2) for vx) and applying these transformations to the
coordinates, you can sketch the new graph accurately. This step-
by-step method works for any function family.

COMMON PARENT FUNCTIONS AND THEIR
TRANSFORMATIONS IN DETAIL

Let’'s examine how transformations affect a few key parent
functions. For each, we’ll note typical transformation formulas
and their effects.

Linear Parent Function: f(x)
= X

Transformations produce lines with different slopes and y-
intercepts. g(x) = a(x - h) + k gives a line with slope a, passing
through (h, k).

Quadratic Parent Function:
f(x) = x2

Vertex form: g(x) = a(x - h)? + k. Vertex at (h, k). The parameter
a controls opening direction (a>0 up, a<0 down) and width
(Ja|>1 narrower, O0<|a|<1 wider).

Absolute Value Parent
Function: f(x) = ||

Vertex form: g(x) = a|x - h| + k. Vertex at (h, k). The parameter a
controls steepness and opening direction.

Square Root Parent
Function: f(x) = vx

Transformed: g(x) = aV(x - h) + k. Domain shifts with h. The
graph starts at (h, k) if a>0.

Exponential Parent
Function: f(x) = b™x

General form: g(x) = a-b”™(x - h) + k. Horizontal asymptote at
y=k. The base b determines growth/decay.

Understanding these patterns helps you quickly write equations
from graphs or predict graph shapes from equations.

REAL-WORLD APPLICATIONS OF FUNCTION
TRANSFORMATIONS

Transformations aren’t just abstract algebra - they model real
phenomena. For example, shifting a quadratic can represent the
trajectory of a projectile launched from a different height.
Stretching an exponential function can model compound interest
with different rates. Reflection across the x-axis might represent
a downward trend in data. In computer graphics, transformations
are used to move and scale images. In engineering, they describe
how signals change. Algebra 2 parent functions and
transformations provide the language to describe these changes
mathematically.

TIPS FOR MASTERING ALGEBRA 2 TRANSFORMATIONS

e Memorize the key parent functions. Sketch them from
memory. Know their domain, range, and key points
(intercepts, vertex, asymptotes).

¢ Learn the transformation rules as equations.
Understand that adding outside the function shifts
vertically; adding inside shifts horizontally in the opposite
direction.

e Practice with a variety of functions. Start with linear
and quadratic, then move to radical, rational, and
exponential.

e Use technology for confirmation. Graph functions using
a calculator or software to verify your hand-drawn
sketches.

* Work backward from a graph to
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