Unit 1: Fundamental Concepts

Section 1.1: Linear Equations

Objectives:

- Find the slopes of lines, including parallel and perpendicular slopes.
- Graph linear equations.

- Write the equations of lines, including horizontal and vertical lines

Slope is one of the most important mathematical concepts. Slope is one of the first
concepts learned in Algebra 1, yet is one of the fundamental building block for Calculus. Its
understanding and importance should not be dismissed.

Slope is defined as the change in vertical distance over the change in horizontal distance,
given by the following formula:

Y»—Yy; changeiny Ay
m = = =
X, —X; changeinx  Ax

Slope of a line

Given two points (x;, y;) and (x,, y,), X; # X,, the slope of the line passing through the two

L _ Y»—Y; changeiny Ay
points is given by the ratio: m = = . =
X, —X; changeinx  Ax

The slope of a line is based on a very simple concept that you may remember from Algebra
rise

1 as Let us explore this idea using what is called the Slope Triangle.

run



First, pick a point on the given graph. This can be any point, however, choose one that is at
a lattice intersection.

Now, count how many units you move vertically until you are level with another point on the
line that is located at another lattice intersection. The amount of units you counted is equal

to the rise or Ay. The value is positive if you moved upwards, negative if you moved
downwards.

Last, count how many units you move horizontally to get to the point that is on the line. The

amount of units moved is equal to the run or Ax. The value is positive if you moved to the
right, negative if you moved to the left.

Example 1

Find the slope of the line with points (0, -1) and (4, 1)

For the Worked our Example: https://youtu.be/4R xiSQ29xA

Extension 1

1. The example is the same line we examined in the Slope Triangle explanation. Did we get
the same slope? Both approaches have their pros and cons, discuss what you think is the
strongpoint for each approach. Be sure to support your thinking with reason.

2. In the definition for slope, it states x; # x,. What happens if indeed x; = x,? What type
of line has this type of slope? What is the general equation for this type of line?

3. What occurs when y; = y,? What type of line has this slope? What is the general
equation for this type of line?


https://youtu.be/4R_xiSQ29xA

Example 2

Find the slope of each line shown in the figure below. The lines are given by the following
points.

L,:(-6,2)and (3, 2) L5: (-3, 5)and (3, 1) Ls:(1,0)and (2, -2)
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Worked Out Example: https://youtu.be/YfyCAhXEFg4
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Characteristics of Slope

The slope of a non-vertical line is a value that measures how steep a line rises or falls from
left to right on a coordinate axis. For slope = m,

- If m is positive, that is m > 0, the line will rise from left to right.
« If m =0, the line is a horizontal line.

- If m is negative, m < 0, the line will fall from left to right.

Forms of Linear Equations
There are three common forms for a | linear equation. They are:

Slope-Intercept Form

y=mx+b
Slope =m

Y-intercept = b

Standard Form



Ax+By=C
A, B, and C are integers, where A > 0.

S| —A
opbem=——
P B

Y-intercept =
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X-intercept =

Point-Slope Form
y =y =mx—x)
Point on the line (x, ;)

Slope =m

Example 3

Sketch the graph of 2y — Sx = 2 by first converting to slope-intercept form.

Worked out solution: https://youtu.be/uxjzZVSrF4MO

Example 4

Find the slope-intercept equation of the line that passes through the point (-1, 6) with slope
= 2. Sketch the graph.

Worked out solution: https://youtu.be/KY_59tCwHZw



Example 5

Ed buys the newest virtual reality gaming system for $7000. Five years later its value is only
$800. Assume that the gaming system depreciates linearly.

A. Find a linear equation that represents the value of the gaming system as a function of
years.

B. Find the value of the gaming system three years after it was purchased.
C. Graph the equation you found in part A. What limits, if any does your graph have? Why?
D. Find how many years it will take for the gaming system to be monetarily worthless.

Worked out solution: https://youtu.be/F80JkDogP18

Example 6

Write the standard form linear equation for the line containing the following points,
(4, 3) and (2, -1)

Hence find the x and y intercepts.

Worked out solution: https://youtu.be/TvEYI-vKIFc

Vertical and Horizontal Lines

Horizontal Lines

Horizontal lines have a slope of zero. That is m = 0. Substitute this into the slope intercept
form,

y:mx+b:(0)x+b=b or jUSty:b
Example 7

Sketch and describe the graph of the linear equationy = 3

Worked out solution: https://youtu.be/8fzZhWCBbvU



Vertical Lines

Vertical lines have undefined slope. Vertical lines are NOT FUNCTIONS. Vertical lines have
equations of the form x = a, where a is some number.

Example 8

Find the equation of the vertical line shown.

Worked out solution: https://youtu.be/esSEMT7PnRU
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Parallel and Perpendicular Lines

Two non-vertical lines are parallel when they have exactly the same slope but different y-
intercepts. Two non-vertical lines are perpendicular when the product of the slopes is -1

Example 9

Given the line F whose equation is 6x — 4y + 12 = 0, find the equation of the lines though
the point (2, -1) that is

|. Parallelto F

ll. Perpendicularto F

Worked out solution: https://youtu.be/iIHO22q0ojLrA

Extension 2

Are two perpendicular lines that have different x-intercepts parallel? How do you know?
How can and/or should we change the definition of parallel? Discuss and support your
argument with reason.



Extension 3

Are horizontal lines and vertical lines perpendicular to each other? How can you determine
if they are or not? If so, what does this mean about their “slopes”? Should we or can we
make changes to the definition of perpendicular? Discuss and support your argument with
reason.
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