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Introduction

When you first encounter Algebra |, the concepts of relations and functions can feel like stepping into a new

language. Unit 03a focuses on the foundations that will guide you through more complex topics in algebra and

beyond. In this article, we’ll walk through the core ideas, illustrate them with clear examples, and provide practical

study strategies so you can master this unit with confidence. Whether you're a high school student, a tutor, or a
lifelong learner, this guide is designed to give you a solid, intuitive grasp of relations and functions.

What Are Relations and Functions?

Defining a Relation

A relationis a set of ordered pairs (X, y). Think of it as a rule that matches an input value (x) with an output value
(y). For example, the relation “x is married to y” pairs people who are spouses. In algebra, we often work with
numeric relations, such as (2, 5) or (-3, 7).

From Relation to Function

When a relation assigns exactly one output value to each input value, it becomes a function. In other words, if you
plug in an x value, you always get a single y value. The notation f(x) is commonly used to denote a function, where
“f” stands for the function name and x is the independent variable.

Visualizing Functions on a Graph

On a coordinate plane, a function appears as a curve or a line. The key feature is that the graph must satisfy the
“vertical line test”: if you draw a vertical line anywhere on the graph, it should intersect the curve at most once. If it
intersects twice or more, the relation is not a function.

Unit 03a: Core Topics Covered

Unit 03a typically includes the following main concepts:

Understanding and identifying relations and functions
Domain and range of a function

Evaluating functions using substitution

Graphing linear and quadratic functions

Function composition and inverse functions
Applications of functions in real world scenarios
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1. Identifying Relations and Functions

Checklist for Functions

e Each x value appears only once in the set of ordered pairs.
e The graph passes the vertical line test.
e Every input has an associated output.

Example: Determining if a Set Is a Function



Consider the set of pairs: {(1, 3), (2, 5), (3, 7), (4, 5)}. Each x value (1, 2, 3, 4) appears exactly once, so this set is a
function. However, the set {(1, 3), (1, 4), (2, 5)} is not a function because the input 1 is paired with two different
outputs (3 and 4).

2. Domain and Range

Domain: All Possible Inputs

The domain of a function is the set of all input values for which the function is defined. For a linear function like f(x)
=2x + 1, the domain is all real numbers, often written as (-", ").

Range: All Possible Outputs
The range is the set of all output values that the function can produce. Using the same linear function, since the
slope is positive and there’s no restriction, the range is also (-*, ").

Finding Domain and Range from a Graph

When you see a graph, look at the leftmost and rightmost points the curve extends to determine the domain, and
the lowest and highest points for the range. For a parabola opening upward, the range starts at the vertex's y value
and extends upward infinitely.

3. Evaluating Functions

Substitution Method

To evaluate a function at a specific point, replace the variable x with the desired value and simplify.

1. Given f(x) = 3x"2 - 4x + 1, find f(2).
2. Substitute: f(2) =3(2)"2-4(2) +1=3(4)-8+1=12-8+1=5.

Using Function Notation

When you see f(5), it means “plug 5 into the function f” Always perform the arithmetic carefully, especially when
negative signs or fractions are involved.

4. Graphing Functions

Linear Functions

A linear function has the form y = mx + b, where m is the slope and b is the y intercept. To graph:

1. Plotthey intercept (0, b).
2. Use the slope to find another point: rise/run = m.
3. Draw a straight line through the points.

Quadratic Functions

Quadratic functions follow the form y = ax"2 + bx + c. Key features include:

* Vertex: the highest or lowest point.
¢ Axis of symmetry: vertical line passing through the vertex.
« Direction of opening: upward if a > 0, downward if a

Plotting a parabola involves finding the vertex, intercepts, and a few additional points to capture the curve’s shape.

5. Function Composition



What Is Composition?

Function composition combines two functions. If f(x) = 2x + 3 and g(x) = x"2, the composition (g " f)(x) means you
first apply f, then g to the result.

1. Compute f(x): f(x) = 2x + 3.

2. Plug f(x) into g: g(f(x)) = (2x + 3)"2.

3. Expand if needed: 4x"2 + 12x + 9.
Practical Use

Composition is useful when modeling real world processes where one step depends on the output of another, such
as converting temperatures or scaling measurements.

6. Inverse Functions

Understanding Inverses
An inverse function reverses the roles of inputs and outputs. If f(x) = 3x - 5, its inverse, denoted f {1(x), satisfies

f(f {#()) = x.

1. Startwithy =3x - 5.

2. Swap xand y: x = 3y - 5.

3. Solve fory:y = (x + 5)/3.

4. Thus, f {£(x) = (x + 5)/3.
Graphical Interpretation

Graphing a function and its inverse shows symmetry about the line y = x. This visual check confirms whether an
inverse exists and whether it's correctly derived.

7. Real World Applications

Economics: Cost and Revenue Functions

Businesses use functions to model cost (C(x)) and revenue (R(x)) based on production quantity x. The difference
R(x) - C(x) yields profit, a key business metric.

Physics: Motion Equations

Velocity and position over time are represented by functions. For example, the position function s(t) = 4t"2
describes how distance changes as time t increases.

Engineering: Stress-Strain Curves

Materials’ response to forces is often plotted as a function of strain. Engineers analyze these curves to determine
material limits and design safe structures.

8. Common Pitfalls and How to Avoid Them

¢ Confusing domain and range: Always double check which set represents inputs and which represents outputs.
e Forgetting the vertical line test: A quick visual check can save time when determining if a relation is a function.
e Misapplying function notation: f(3) is not the same as f x 3.

« Ignoring restrictions: Some functions have limited domains, such as f(x) = 1/(x-2), which is undefined at x = 2.

9. Practice Problems



Problem Set 1: Identify the Function
1. Determine if the set {(1, 3), (2, 4), (3, 5)} is a function.
2. I1s{(2, 6), (2, 8), (4, 10)} a function?
Problem Set 2: Domain and Range
1. Find the domain and range of f(x) = sqrt(x-1).
2. For g(x) = 1/(x+3), state the domain and range.
Problem Set 3: Function Evaluation
1. Compute h(4) if h(x) = 5x - 12.
2. Evaluate k(-2) for k(x) = x*2 + 7x + 3.
Problem Set 4: Graphing
1. Sketch the graph of y = 2x + 1.
2. Plot the parabolay = -x"2 + 4x - 3.
Problem Set 5: Composition
1. Iff(x) =3x and g(x) = x + 2, find (g " f)(x).
2. Determine (f" g)(x) for the same functions.
Problem Set 6: Inverses

1. Find the inverse of f(x) = 4x - 7.
2. Verify that the inverse of g(x) = (x + 1)/2 is correct.
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