Chapter 7 — Equation of a Line, Slope, and
the Rectangular Coordinate System

Introduction: Often, we want to explore relationships between variables. For example we
might want to explore the relationship between the unemployment rate each year and U.S.
national debt each year. Sometimes variables like this have linear relationships. In this chapter
we will not only strive to understand these relationships, but also find the average rates of
change (slope) and the equation of a line that can help us make predictions based on that
relationship.

Section 7A — Rectangular Coordinate System and Scatterplots

Look at the following data which gives the profits of a small cupcake shop over the last twelve
months. This is a good example of a relationship between two variables. In this case it is time
and profit.

Month | Profit in Thousands of Dollars
1 1.5
2 1.8
3 1.9
4 2.2
5 2.4
6 2.7
7 2.8
8 3.0
9 3.1
10 3.4
11 3.5
12 3.8

It is important to be able to graph the data so that we can see if there are any trends. The main
graph we use in Statistics is a scatterplot. To make a scatterplot we need to review plotting
ordered pairs.

In the time/profit data above, we like to choose one variable to be the x-variable and one to be
the y-variable. If we chose time as x and profit as y, we would be able to represent this data as
ordered pairs.

(This chapter is from Preparing for Algebra and Statistics, Third Edition,
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Ordered pairs have the form (x, y). So for example the profit was 2.8 thousand dollars in the
7™ month so that would correspond to an ordered pair of (7, 2.8). A scatterplot is just a graph
of all the ordered pairs.

How do we plot an ordered pair? We need to use the Rectangular Coordinate System. If you
remember from previous classes, the horizontal axis is called the x-axis and the vertical axis is
called the y-axis. The two axes divide the region into four quadrants. Where the x-axis and
y-axis meet is the ordered pair (0, 0) and is called the origin. Notice the x-axis and y-axis are
just like the number line. Numbers to the right of the origin on the x-axis are positive and
numbers to the left of the origin are negative. Numbers above the origin on the y-axis are
positive and numbers below the origin are negative.

-~

Quadrant 2 Quadrant 1

¥ X axis

-~

Quadrant 3 Quadrant 4

~
y axis

But how do we graph an ordered pair? Find the value on the x-axis and the y-axis and go where
the two meet. If you notice it makes an imaginary rectangle. This is why we call this the
Rectangular Coordinate System.
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Look at the ordered pair (4, -3). Find 4 on the x-axis and -3 on the y-axis. Where the two meet
is the ordered pair (4, -3). We often call ordered pairs “points” since we draw a dot to
represent that ordered pair.

4
(4-8)

y
Now let’s plot some more ordered pairs and make a scatterplot. Let’s plot the points (-4, 2) ,
(0,-5), (6,0)and (3,5). Notice that (-4,2) is in quadrant 2 and (3,5) is in quadrant 1. (0, -5) is
a special point as it lies on the y-axis. It is therefore called a “y-intercept.” (6,0) lies on the x-
axis so it is called an

“x-intercept.” Points that lie on an axis are not in any particular quadrant. Notice that ay-
intercept has an x-coordinate of zero, while an x-intercept has a y-coordinate of zero.

-~

{_4r2)

(6,0)

(0.-6)
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Do the following example with your instructor.

Example 1: Graph the ordered pairs (-3,-6) , (0,4) , (5,3), (-6,0) , (4, -5) on the graph
provided. Which point is an x-intercept? Which point is a y-intercept? For the other three
points, give the quadrant they lie in.

!
Plotting ordered pairs is vital to finding relationships between variables. Look at the profit data
at the beginning of this section. If we plot all of those points we have the following scatterplot.

Scatterplot

3.75 »
3.50 t 1 i : : 1
3.25
3.00 1 1 1 i .
2.75 g
2.50
2.25 .
2.00
1.75 *

1.50

Profit (in thousands)

1 2 3 4 5 6 7 8 9 10 1 12

Month

Since all the x and y coordinates are positive in the profit data, the points are all in the first
guadrant. The scatterplot is just showing the first quadrant. In scatterplots we look for general
trends. For example in this scatterplot, the points look pretty close to a line which suggests a
linear trend. It seems as time increases, the profits for the cupcake shop are also increasing.
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Practice Problems Section 7A

1. Graph the ordered pairs (2, -6) , (-3,0) , (-1,4) , (0,4) , (-1,-3) onthe graph provided.
Which point is an x-intercept? Which point is a y-intercept? For the other three points, give
the quadrant they lie in.

!
2. Graph the ordered pairs (4, 2) , (0,-1) , (-6,-2) , (3,0), (-1, -6) on the graph provided.
Which point is an x-intercept? Which point is a y-intercept? For the other three points, give
the quadrant they lie in.
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3. Graph the ordered pairs (-3, 2) , (-2,0) , (-7,-4) , (0,0) , (4, -1) on the graph provided.
Which point is an x-intercept? Which point is a y-intercept? For the other three points, give
the quadrant they lie in.

v

1 1
4. Graph the ordered pairs (2.5, 3.5) , (0,4.5) , (-5.25,-3.3) , (-5.5,0) , (151—4zj on the

graph provided. Which point is an x-intercept? Which point is a y-intercept? For the other
three points, give the quadrant they lie in.
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5. Graph the ordered pairs (-3 ,-1) , (-5,0) , (4,-3) , (0,1), (-4, 6) on the graph provided.
Which point is an x-intercept? Which point is a y-intercept? For any points not on the x-axis or
y-axis, give the quadrant they lie in.

'
6. Graph the ordered pairs (6, 1) , (0,-5) , (-2,-4) , (4,0) , (-6, 5) on the graph provided.

Which point is an x-intercept? Which point is a y-intercept? For any points not on the x-axis or
y-axis, give the quadrant they lie in.
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7. Graph the ordered pairs (-6, 2) , (-3,0) , (-4,-5) , (0,0) , (5, -1) on the graph provided.
Which point is an x-intercept? Which point is a y-intercept? For any points not on the x-axis or
y-axis, give the quadrant they lie in.

v

1 .3
8. Graph the ordered pairs (-1.25, 4.5) , (0,-1.33) , (5.5,-2.3) , (3.5,0), (—22,—3zj on
the graph provided. Which point is an x-intercept? Which point is a y-intercept? For any

points not on the x-axis or y-axis, give the quadrant they lie in.

*~

<¢
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9. Graph the ordered pairs (6, -6) , (-7,0) , (-1,7) , (0,6) , (-5, -3) on the graph provided.
Which point is an x-intercept? Which point is a y-intercept? For any points not on the x-axis or
y-axis, give the quadrant they lie in.

'
10. Graph the ordered pairs (-3.5, 2.5) , (0,-0.5) , (-3.5,-6.5) , (-6.5,0) , (-5.5,-1) on the

graph provided. Which point is an x-intercept? Which point is a y-intercept? For any points
not on the x-axis or y-axis, give the quadrant they lie in.
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11. Graph the ordered pairs (-4, -1.25) , (-2.5,0) , (-7.25,-4) , (0, 0) , (4.25,-3.25) on the
graph provided. Which point is an x-intercept? Which point is a y-intercept? For any points
not on the x-axis or y-axis, give the quadrant they lie in.

'
12. Graph the ordered pairs (6.75, 3.25) , (0,-4.75) , (-4.25,-6.3) , (-5.25, 0.75) ,

1
(—g,oj on the graph provided. Which point is an x-intercept? Which point is a y-intercept?

For any points not on the x-axis or y-axis, give the quadrant they lie in.
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13. The following scatterplot looks at 13 breakfast cereals and the relationship between grams
of sugar (x) and grams of fiber (y).

Fiber (grams)

16

Scatterplot

2 =2 = =1 &

7 a2 =] 10 11
Sugar (grams)

a) For each ordered pair, give the x and y-coordinates. Which is the x-intercept?

Whichis the y-intercept?
b) Do the points seem to be close to a line? If so does the line go up or down from left
to right?

c) Complete the following sentence: Asthe amount of sugar increases, the amount of

fiber

d) Complete the following sentence. Asthe amount of sugar decreases, the amount of

fiber

14. The following scatterplot looks at 13 breakfast cereals and the relationship between
carbohydrates (x) and total calories (y).

a)

b)

c)

d)

Total Calories

115

Scatterplot
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For each ordered pair, give the x and y-coordinates. Which quadrant are all these

points in?

Do the points seem to be close to a line? If so does the line go up or down from left
to right?
Complete the following sentence: As the number of carbs increases, the total

number of calories .
Complete the following sentence. Asthe number of carbs decreases, the total

number of calories

199



Section 7B — Slope of a Line and Average Rates of Change

IBM stock had a price of $186.91 at the end of September 2014. Over the next three months
the stock price rose and fell and by the end of December the price was $160.44. Over that
three month period, what was the average rate of change of the stock price per month?
Questions like this are key to understanding stock prices and business models. How much
something is changing on average is often called the “Slope”. In this chapter we will seek to
understand the concept of slope and its applications.

What it slope? Slope is defined as vertical change divided by horizontal change. In terms of
ordered pairs it is change in y divided by change in x. In math we sometimes write the change

inyas “Ay” and the change in x as “AX”. The symbol A is the Greek letter delta. Remember
slope is best understood as a fraction that describes change between variables.

Look at the following graph. Let’s see if we can find the slope of the line.

\\\SQ

4,-1)

y
To find the slope of a line, always start by trying to find two points on the line. This line goes
through the points (-5,3) and (4,-1). Any two points on the line you use will still give you the
same slope. If we start at (-5,3) and go down and to the right to (4,-1) , can you find how much
it goes down (vertical change) and how much it goes to the right (horizontal change). Notice to
get from one point to the other, we had to go down 4 (-4 vertical change) and right 9 (+9
horizontal change). Remember going up or to the right are positive directions, while going
down or to the left are negative directions. The slope is the fraction of the vertical change
divided by the horizontal change. Notice that a negative number divided by a positive number
gives you a negative answer.
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Horizontal Change 199

Vertical Change -4 4

Does the order we pick the points matter? What if we start at (4,-1) and go up and to the left
to (-5,3)? Will we get a different slope? Let’s see. To go from (4,-1) to (-5,3) we would need to
go up 4 (+4 vertical change) and left 9 (-9 horizontal change). So we would get the following.

Vertical Change  +4 4

Horizontal Change -9 9

Notice the slope is the same. So to review, when we find slope it does not matter the points we
pick as long as they are on the line and it does not matter the order we pick them. All will give
us the same slope.

Let’s look at a second example. Suppose a line goes through the point (-2, -4) and has a slope of
3. Could you draw the line? The first thing to remember when dealing with slope is that it
should be a fraction. Can you write 3 as a fraction? Of course. 3:% , but what does that

mean? Remember slope is the vertical change divided by the horizontal change so we see the
following interpretation.

Vertical Change  +3  up 3

Horizontal Change +1 right1

When using the slope to graph a line, you always need a point to start at. In this case we will
start at

(-2,-4) and then go up 3 and right 1. You can go up 3 and right 1 as many times as you want and
can get more points.

(0,2

201



Notice a couple things from the last two examples.

A line with positive slope will be increasing from left to right. A line with negative slope will be
decreasing from left to right.

For lines with a negative slope it is better to think of it as a negative numerator and a positive

1 -1 downl
denominator. For example aslopeof = =—= . Do not put the negative sign in both

4 +4  right 4

the numerator and denominator. _1 > 1A negative divided by a negative is positive.
4 4

Try the following examples with your instructor.

Example 1: Find the slope of the following line by finding the vertical and horizontal change.
Be sure to write your answer in lowest terms.

X

<€
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Example 2: Find the slope of the following line by finding the vertical and horizontal change.

“S~

P
N
x

(—:3),/

&
<

Example 3: Draw a line that goes through the point (-6, 2) and has a slope of _% .

S~
L 4
X

<4
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Example 4: Draw a line that goes through the point (-3, -4) and has a slope of +§ .

¥
What do we do if we want to find the slope between two points, but do not want to take the
time to graph the points?

To get the vertical change you can subtract the y-coordinates of the two points. To get the
horizontal change, your can subtract the x-coordinates of the two points. Be careful! You need
to subtract in the same order. Here is the formula. The slope (m) of the line between

(Xl ’ yl) and (x, IY2) is

Y h

X, =%
For example, find the slope of the line between (-7, 6) and (-3, -4). Identify one of the points as
(X1 ) yl) and the other point as (Xz ) yz). Remember, with slope it does not matter which
point you start with. Suppose we let (X1 ) yl) be (-7, 6) and let (Xz ) yz) be (-3, -4). Plugging

in the correct values into the formula gives the following.

meJz2 =Y 4-76
X, =% 3-77

. Be careful to subtract in the correct order. Also be careful of negative

signs. You may need to subtract a negative. Simplifying gives the following.

Y,-Y, 4-"6_ 10 5

m=
X, =% 3-7 "4 2
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Try the following example with your instructor.

Example 5: Find the slope of the line between (—4 : —1) and (10 , —3). Be sure to simplify

your answer and write it in lowest terms.

What about the slope of horizontal lines? Horizontal lines change a lot horizontally but have

Vertical Change 0

Horizontal Change alot
horizontal lines are the only lines that have a slope equal to zero.

zero vertical change. Hence the slope of a horizontal line is 0. 50

What about the slope of vertical lines? Vertical lines have tons of vertical change but have zero
Vertical Change _ tons
Horizontal Change 0

Remember we cannot divide by zero. So vertical lines are the only lines that do not have a
slope. We say the slope is undefined or does not exist.

=undefined

horizontal change. Hence the slope of a vertical line is

A key point to remember is that horizontal lines have a slope = 0, while vertical lines do not
have any slope at all (undefined). This is actually one of the ways we identify horizontal and
vertical lines.
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Try the following examples with your instructor.

Example 6: Find the slope of the following line.

(4,0

‘);

Example 7: Find the slope of the following line.

(01'2)

y

Parallel lines go in the same direction, so they have the same slope. If aline has a slope of 1/3,

then the line parallel to it will also have a slope of 1/3.
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Perpendicular lines are lines which meet at a right angle (exactly 90 degrees). Perpendicular
lines have slopes that are the opposite or negative reciprocal of each other. Remember a
reciprocal is flipping the fraction. The slope of a perpendicular line will not only flip the fraction
but will also have the opposite sign. For example if a line has a slope of 2/7 then the
perpendicular line will have a slope of -7/2. If a line has a slope of -1/6 then the line
perpendicular will have a slope of +6/1 = +6.

Try the following examples with your instructor.

Example 8: A line has a slope of -3/7. What is the slope of a line parallel to it? What is the
slope of a line perpendicular to it?

Example 9: A line has a slope of +9. What is the slope of a line parallel to it? What is the slope
of a line perpendicular to it?

Applications

At the beginning of this section we looked at IBM stock prices for a 3 month period in 2014.
The slope is also the average rate of change. IBM stock had a price of $186.91 at the end of
September 2014. Over the next three months the stock price rose and fell and by the end of
December the price was $160.44. Over that three month period, what was the average rate of
change of the stock price per month?

To answer this question we simply need to find the slope. A couple key things to look at. First
of all notice they want to know the change in stock price per month. That is important since it
tells us the slope should be price/month. If you remember your slope formula, this implies that
the price must be the y-value and month the x-value. Writing the information as two ordered
pairs gives us the following.

(month 9, 5186.91)

( month 12, $160.44)

Letting the first point ( month 9, $186.91) be (Xl, yl) and the second point

( month 12, $160.44) be (Xz, yz), we can plug into our slope formula and get the following.
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y,—Yy, 16044-186.91 -26.47 88233
X, =X, 12-9 3 1

But what does this mean? The key is units. Remember in this problem the y-values were in
dollars and the x-values were in months. So the numerator of our answer is in dollars and the
denominator is in months.

1_$8—.8ch Does this mean 1 month of IBM stock was $8.82? No it does not. Remember slope is
mon

a rate of change. It is telling us how much the IBM stock is changing over time. It is also
negative, so that tells us the stock price is decreasing. So the slope tells us that IBM stock price
was decreasing at a rate of $8.82 per month.

Try the following example with your instructor.

Example 10: A bear that is 50 inches long weighs 365 pounds. A bear 55 inches long weighs
446 pounds. Assuming there is a linear relationship between length and weight, find the
average rate of change in pounds per inch.

Practice Problems Section 7B

1. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

AOQ)

(-2 -Zy

<4
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2. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

&
<

3. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

~

1)

2)

(-5

-3)

<€
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4. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

I\
\
\

\(2,4)

\
\

o~
—
w
(=]
p—
5
x

5. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

(-3,0)

<4
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6. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

(0.2)
¢

<é

7. Draw a line that goes through the point (1, 2) and has a slope of +% .

-~
w
x

<4
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8. Draw a line that goes through the point (-5, 1) and has a slope of _g .

.3;

9. Draw a line that goes through the point (-6, -4) and has a slope of +% .

o~
w
x
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10. Draw a line that goes through the point (-4,0) and has a slope of _% .

S~

.y,

11. Draw a line that goes through the point (3, 1) and has an undefined slope.

4

N

o~

213



12. Draw a line that goes through the point (0, -3) and has aslope =0.

~

v

13. Draw a line that goes through the point (-5, -2) and has a slope of +§ .

<€
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14. Draw a line that goes through the point (-4, 6) and has a slope of _é .

S~
W
x

.y,

15. Draw a line that goes through the point (1, -6) and has a slope of +% .

~
W
*

<4
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-3

16. Draw a line that goes through the point (2,0) and has a slope of —3="2.

+1

S~

<4

17. Draw a line that goes through the point (-4, -2) and has an undefined slope.

4

o

o~
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18. Draw a line that goes through the point (0, 5) and has a slope =0.

o~

o~
W
X

Yi

y
19. Use the slope formula M= 2

X to find the slope of the line between
2

(6 ) 2) and (10 . —4). Be sure to simplify your answer and write it in lowest terms.

Y=Y

20. Use the slope formula M= to find the slope of the line between

X

(—4 : —1) and (—7 , 7). Be sure to simplify your answer and write it in lowest terms.

Y= ¥

21. Use the slope formula M= to find the slope of the line between

X

(—9 ) 12) and (—5 ) —4) Be sure to simplify your answer and write it in lowest terms.

Y=Y

22. Use the slope formula M= to find the slope of the line between

X

(6 , —2) and (6 ) —4). Be sure to simplify your answer and write it in lowest terms.

Y= ¥

23. Use the slope formula M= to find the slope of the line between

X

(13 , 2) and (—10 ) 2). Be sure to simplify your answer and write it in lowest terms.
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Y- Y

24. Use the slope formula M= to find the slope of the line between

%)

(6.5 , = 2.5) and (5 : —8.5). Be sure to simplify your answer and write it in lowest terms.

Y=Y

25. Use the slope formula M= to find the slope of the line between

X,

(7.3 , 1.8) and (— 4.3, 0.8). Be sure to simplify your answer and write it in lowest terms.

26. Aline has a slope of +5/8. What is the slope of a line parallel to it? What is the slope of a
line perpendicular to it?

27. Aline has a slope of -13. What is the slope of a line parallel to it? What is the slope of a
line perpendicular to it?

28. Aline has a slope of -2/9. What is the slope of a line parallel to it? What is the slope of a
line perpendicular to it?

29. Aline has a slope of +6. What is the slope of a line parallel to it? What is the slope of a line
perpendicular to it?

30. Aline has a slope of +2/7. What is the slope of a line parallel to it? What is the slope of a
line perpendicular to it?

31. Aline has a slope of -9. What is the slope of a line parallel to it? What is the slope of a line
perpendicular to it?

32. When a toy store has its employees work 40 hours a week, the profits for that week are
$4600. If the store has its employees work 45 hours then the profits for that week are $4180
due to having to pay the employee’s overtime. Write two ordered pairs with x being hours
worked and y being profit. What is the average rate of change in profit per hour worked?

33. The longer an employee works at a software company, the higher his or her salary is. Let’s
explore the relationship between years worked (x) and salary in thousands of dollars (y). A
person that has worked two years for the company makes an annual salary of 62 thousand
dollars. A person that has worked ten years for the company makes an annual salary of 67
thousand dollars. Write two ordered pairs and find the average rate of change in salary in
thousands per year worked.

34. The older a puppy gets, the more the puppy weighs. Let’s explore the relationship between
the number of months old a puppy is and its weight in pounds. At 4 months old, a puppy
weighed 6 pounds. At 12 months old the puppy weighed 38 pounds. Write two ordered pairs
with x being the age of the puppy in months and y being the weight in pounds. Now find the
average rate of change in pounds per month.
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35. In week 9, a stock sells for $85. By week 23 the stock sells for $15. Write two ordered pairs

with x being the week and y being the stock price. Find the average rate of change in dollars
per week.

Questions 36 —39: Match the equation in slope intercept form to the graphed line

Line Equation
36. y =2x-1
37. y = 6.3 — 1.33x
38. y = —1.78x + 7.3
39. y =3+ 2x

=t

(= =
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Section 7C - Finding the Equation of a Line

When we discover a linear relationship between two variables, we often try to discover a
formula that relates the two variables and allows us to use one variable to predict the other. At
the beginning of this chapter, we said we might like to explore the relationship between the
unemployment rate each year and U.S. national debt each year. For example in 2009 the
national debt was 11.9 trillion dollars and the unemployment rate was about 9.9 percent. By
2013 the national debt had increased to 16.7 trillion dollars and the unemployment rate had
fallen to 6.7 percent. If there is a linear relationship between national debt and
unemployment, could we find an equation that might predict the unemployment rate if we
know the national debt? Questions such as these are a big part of regression theory in
statistics, but how do we find a linear equation such as this?

Slope-Intercept Form

The equation of a line can take many different forms. The one form most widely used and
understood is called “Slope-Intercept Form”. It is the equation of a line based on the slope and
the y-intercept (where the line crosses the y-axis).

The equation of a line with slope m and y-intercept ( 0, b ) is given by the equation y=mx+b .

Note that the m and the b are numbers we plug in. The equation of a line should have x and y
in the equation as we need these to use the formula to calculate things.

For example, find the equation of a line with slope _3anda y-intercept of (0, 4) L ltis
5

important to remember that the b is the y-intercept and a point on the y-axis always has 0 as its

x-coordinate. So all we would need to do to find the equation is to replace m with _g and

replace b with 4 and we would get the following:

y=mx+Db

3
=——X+4
y 5

This is the answer, the equation of the line.

Slope-intercept form is really a great form for the equation of a line. For example, it is very
easy to graph lines when we have their equation in slope-intercept form. To graph the

equation y = —§x+4 , we would note that the y-intercept is 4 and the slope is -3/5. So we

would start by placing a dot at 4 on the y-axis (vertical axis).
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3_-3_down3
5 +5 right5

Now since the slope is -3/5 we translate that as: —

So we will start at the y-intercept 4 and go down 3 and right 5 and put another dot. Now draw
the line.

™S (0.4

Try a couple examples with your instructor.

Example 1: Graph a line with a y-intercept of (0, -3) and a slope of +g . What is the equation

of the line you drew in slope-intercept form?
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Example 2: Graph a line with a y-intercept of (0, +5) and a slope of =7 . What is the equation
of the line you drew in slope-intercept form?

Note: It is important to remember that the b in the slope-intercept form is the y-intercept and
not the y-coordinate of some general point. For example if a line goes through (4,-1) , that does
not mean that -1 is the b. The b must be the y-coordinate when the x is zero. So if the line goes
through the point (0, 2) then the b is 2 because (0,2) lies on the y axis.

If an equation is not in slope-intercept form there are a couple ways to graph the line. Look at
the following example.

Graph the line 4x-2y=—-4.

The first method would be to put the equation in slope intercept form by solving for y. Notice
we would get the following.
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4x -2y =—-4

—4X —4x
0-2y=-4x-4
-2y =-4x—-4

Ay —ax-4
2 =2

X

274 274
N S s
y=2X+2
Since the slope-intercept form of the line 4x —2y =—4 is y =2x+2 we can simply use the
y-intercept (0,2) and the slope +2/1. So start at 2 on the y axis and go up 2 and right 1 to get

another point.

|5
~o

v

Let’s do the previous problem again, but with a different method. If an equation of a line is in
standard form Ax + By = C, often an easy way to graph the line is by finding the x and
y-intercepts. If you remember x-intercepts have y-coordinate 0, so we would plug in O for y and
solve for x. y-intercepts on the other hand have x-coordinate zero, so we would plug in 0 for x
and solve fory. Once we find the x and y-intercepts we can draw the line.
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Look at 4x—2y =-4. To find the x-intercept plug in 0 for y and solve.

4x-2y=-4
4x-2(0)=-4
4x-0=-4
4x =4
x A
A A
X=-1

So the x-interceptis (-1, 0)

To find the y-intercept plug in 0 for x and solve.

4x-2y=-4
4(0)-2y=—4
0-2y=-4
-2y=-4
Ay A
A A
y="2

So the y-interceptis (0, 2)

Graphing both the x and y-intercepts gives us the following line. Notice it is the same as if we

had used the slope-intercept form.
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Slope-intercept form can also be used to give the equation of a line when you have the line
graphed. Look at the following graph. See if you can find the slope m and the y-intercept (0,b)
and the equation of the line ¥ =MX+b

(3,0 L—

—1(0.1)

-

y

Notice the line crosses the vertical axis (y axis) at -1. Technically the ordered pair for the
y-interceptis (0, -1 ) but from this we can see that b =-1. To find the slope, we measure the
vertical and horizontal change. Notice if we start at (0, -1) we can go up 1 (+1 vertical change)
and right 3 (+3 horizontal change) before getting another point on the line. Therefore the slope

must be +1/3. Hence the equation of this line is y = +%x+ -1 . Since adding -1 is the same as

subtracting 1 we can also write the equationas y= +%x—l-
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Try the next one with your instructor.

Example 3: Find the equation of the line in slope-intercept form described by the following line.
Remember, you will need to find the slope m and the y-intercept (0,b) first.

] | (;—N

Earlier we said that if the x-coordinate is not zero, then the y-coordinate is not the b. What do
we do then if we know the slope but only know a point on the line that is not the y-intercept?

There are several ways to find the equation. Probably the easiest way is to use the following
formulas.

To find the equation of a line with slope m and passing through a point (Xl, yl) that is not the y

intercept use the following:

The equationis Y = MX+ D where m s the slope and b=y, —-mx .

For example, find the equation of the line with slope +7 and passing through the point
(-1,-11). Again, itis important to note that the point given to us does not lie on the y-axis
and therefore -11 is not the b. We know the slope, so m=+7. To find b, plug in the slope m,

-1for X and -11for Y, into the formula

b=Y,-MX. we will get the following:
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b:%_m&

b=-11-(7)(-1)
b=-11-(-7)
b=-11+7
b=-4

So to find the equation of this line we replace m with +7 and b with -4 and get Y = "Tx+74 .
Again adding -4 is the same as subtracting 4, so we can also write the equationas y=7x-4 .

Let’s look at another example, find the equation of the line with slope _% and passing through

the point ( 3, 2). Again, it is important to note that the point given to us does not lie on the

y-axis and therefore 2 is not the b. We know the slope, so m = _%. To find b, plug in the

slope m, 3 for X and 2 for ¥; into the formula b= Y, —MX,. We will get the following:

b:m_m&
1
b=2-[-1)3
( 6)()
bzz-(—lj
>
b:2+1
2
b2l
2

So to find the equation of this line we replace m with _% and b with 2% and get

1 1
——Ix+2=
=% 2

Note: Some Algebra classes may reference a “Point-Slope Formula”. This is a formula when

you know the slope m and a point (Xm yl). The formulais Y—Y, = m(X—Xl) . In the last

problem with a slope of _% and passing through the point ( 3, 2 ) we would get

Y=Y =m(x-x)
1

—2=-=(x-3

y 5(x=3)
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1 1
If you simplify this and solve for y, you will get the same answer as we did. (y = _EX + ZEJ

You can find the equation of a line with either method, though we will focus on finding the
slope and the y-intercept and plugging intoy = mx + b.

Do the next problem with your instructor. Use the formulas y = mx+b and b=y, - mx,

Example 4: Find the equation of a line with a slope of % and passing through the point

(10,-9)

What happens when we want to find the equation of a line, but we do not know the slope? We
will need to find the slope first and then the y-intercept. Look at the following examples.

Suppose we want to find the equation of a line between (4, -3) and (6, -8)? Again, our overall
strategy is to find the slope m and the y-intercept (0,b) and plug them intoy = mx + b.

Y- Y

Using the slope formula M= we can calculate the slope and get the following.

X,

Y,-y, 8-73 8+'3 5

m= -2.5

T x,-x 6-4 6-4 2

Notice that we subtracted the y-coordinates to get the vertical change and the x-coordinates to
get the horizontal change. The answer can be written as a fraction or decimal. In algebra
classes we tend to leave the slope as a fraction, while in Statistics, we usually write the slope as
a decimal.

Now that we know the slope is -2.5, we can use it and either of the two points to find the

y-intercept using the formula b= Yy, —MX,.

b=y —mx = 3-(-2.5)(4)= "3+10=7
So since the m =-2.5and the b = 7, we get that the equation of the lineisy =-2.5x+ 7.
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Let’s try another example. Find the equation of a line that is perpendicular to the line

y =%x—19 and passing through the point (1, -4).

Notice that for this problem we have a point but it is not the y-intercept. We also have a line
perpendicular to the line we are trying to find. We were not given the slope. If you remember
from the last section, the slopes of perpendicular lines are opposite reciprocals of each other.

Look at the given line y :%x_lg. Is this line in slope-intercept form? If it is, then the number

in front of the x is the slope of this line. Since this is in y =mx + b form, that means the slope of

this line is % , which also means that the slope of the line we are looking for must be the

opposite reciprocal _% . So now we know that for our line, the slopeis m = _% . We can

plug into the y-intercept formula to find the b. Notice we will need a common denominator to
find b.

7 7 -8 7 1
b: —-Mm :—4— _— 1:—4+—:_+_:__
— [zjo 2

So we need to plugin -7/2 for m and -1/2 for b and we will get an equation of y = _gx_% .

We could also write the answer in decimal form which would be y =-3.5x - 0.5 .

Let’s look at a last example. Find the equation of a line parallel to 2x—6y =9 and passing
through the point (-3,5). As with the previous example we will need to find the slope from the
line given. The problem is the equation is not in slope-intercept form y = mx + b. This equation
is in standard form. The standard form for the equation of a line has the x and y-terms on the
same side and they have also eliminated all fractions and decimals in the equation. The
number in front of x is not the slope though, because the equation is not solved fory. So our
first step is to solve the equation fory.

2X—-6y=9
—2X —2X
0-6y=-2x+9
-6y =-2x+9

By —2x+9
6 -6

y=_—2x+i
-6 -6
y:+lx_§
3 2
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Notice a few things. To solve for y, we subtract 2x from both sides so that the y-term is by
itself. We then divide by -6 on both sides to get y by itself. When the left hand side is divided
by -6 we need to divide all the terms by -6 and simplify.

So the slope of this line is +1/3. Since the line we are looking for is parallel, our line also has a
slope of m=1/3.

Now we can plug in our point and the slope into the y-intercept formula and find oury
intercept.

b=y, —mx = +5—@(3): ‘5-1="'5+"1=6

So the equation is y:%x+6 :

Do the following examples with your instructor.

Example 5: Find the equation of a line through the points (—6,1) and (—5, —3).

Example 6: Find the equation of a line perpendicular to 4x —3y =6 and passing through the
point (2,—7).
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Equations of vertical and horizontal lines

If you remember a vertical line has an undefined slope (does not exist) and a horizontal line has
slope =0, but what about the equations for vertical and horizontal lines? In vertical lines, all
the points on the line have the same x-coordinate. For example a vertical line through (6,1)
would also go through (6,2), (6,3) , (6,4) and so on. Since all of them have the same
x-coordinate 6, the equation of a vertical line would be x = 6. In general, vertical lines have
equations of the form “x = constant number.”

In horizontal lines, all the points on the line have the same y-coordinate. For example a
horizontal line through (6,1) would also go through (4,1), (5,1), (7,1) and so on. Since all of
them have the same y-coordinate 1, the equation of a horizontal line would bey=1. In
general, horizontal lines have equations of the form “y = constant number.”

For example, suppose we want to find the equation of a line with zero slope through the point
(3, —2) . The only line with zero slope is horizontal. Since horizontal lines have equations

y = constant number, it is just a matter of figuring out what that number would be. Since it
goes through the point (3, —2) we know that all points on the line will also have -2 as their
y-coordinate. So the equation is simply y=-2.

Suppose we want to find the equation of a line perpendicular to y = 8 and passing through the
point (7,3). The line y =8 is a horizontal line through 8, so a line perpendicular to it would have
to be vertical. So we are really looking for a vertical line through (7,3). Since vertical lines have
formula x = constant number, it is just a matter of figuring what that number is. Since it goes

through the point (7,3) then all the points on the vertical line will also have 7 as their
x-coordinate. So the equation is simply x = 7.

Do the following example problems with your instructor.

Example 7: Find the equation of a line that has undefined slope and goes through the point

(7.4

Example 8: Find the equation of a line perpendicular to the y axis and goes through the point

38)

231



Two-variable linear equations have tons of applications in algebra, statistics and even calculus.
In statistics we call the study of linear relationships “regression” theory. Look at the following
example.

In previous sections, we saw that IBM stock had a price of $186.91 at the end of September
2014. Over the next three months the stock price rose and fell and by the end of December the
price was $160.44. We found that this information corresponded to two ordered pairs

(month 9, $186.91) and ( month 12, $160.44). We also found that the slope between those
two points is also called the average rate of change and came out to be about -$8.82 per
month. If this linear trend continues, what do we predict will be the price of IBM stock in future
months? To make this kind of prediction we will need to find the equation of a line.

So let’s try to find the equation of a line between ( month 9, $186.91 ) and
( month 12, $160.44). Once we have the equation of the line, we will be able to use this
formula to predict the price of IBM stock in coming months.

We know from previous sections that the slope of the line can be found by using the formula

y,—Y, 160.44-186.91
X, =X, 12-9

=-8.823

This tells us that the price of IBM stock is decreasing at a rate of $8.82 per month.

We also know we can find the y-intercept b with the formula

b=y, —mx, =186.91— (~8.823)(9) =186.91+ 79.407 ~ $266.32

Remember the y-intercept occurs when x is zero. So in month zero, the price of IBM stock was
predicted to be $266.32 .

So the equation of the line that describes the price of IBM stock would be y =-8.82x +266.32 .

Use the equation to predict the price of the stock in month 14 (Feb 2015). To answer this all we
have to do is plug in 14 for x and find y. Plugging in 14 for x gives

y =—8.82x+266.32 = —8.82(14) + 266.32 = $142.84

So if this linear trend continues, we predict the price of IBM stock to be $142.84 in month 14
(Feb 2015).
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Practice Problems Section 7C

f_2

1: Graph a line with a y-intercept of (0, 4) and a slope o . What is the equation of the

line you drew in slope-intercept form?

2: Graph a line with a y-intercept of ( 0, -6) and a slope of +7 . What is the equation of the line
you drew in slope-intercept form?
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3. Graph a line with a y-intercept of (0, 2) and a slope of _% . What is the equation of the

line you drew in slope-intercept form?

4. Graph aline with a y-intercept of (0, -1) and a slope of =3 . What is the equation of the line
you drew in slope-intercept form.
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5. Find the equation of the line in slope-intercept form described by the following line?
Remember, you will need to find the slope m and the y-intercept (0,b) first.

6. Find the equation of the line in slope-intercept form described by the following line.
Remember, you will need to find the slope m and the y-intercept (0,b) first.

NG
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7. Find the equation of the line in slope-intercept form described by the following line.
Remember, you will need to find the slope m and the y-intercept (0,b) first.

(3.0)

(0-3)

,y,

8. Find the equation of a line with a slope of _% and passing through the point (—4, —3)
9. Find the equation of a line with a slope of +5 and passing through the point (7, —13)

10. Find the equation of a line with a slope of _g and passing through the point (1, —2)

11. Find the equation of a line with a slope of —6 and passing through the point (—12,8)

12. Find the equation of a line with a slope of +% and passing through the point (—3,1)

13. Find the equation of a line with a slope of +12 and passing through the point (30 : 85)
14. Find the equation of a line through the points (1, 5) ( -5, 7)
8,9) ( 6,—3).

15. Find the equation of a line through the points

(
(
16. Find the equation of a line through the points (~8,7) and (—4,-3).
17. Find the equation of a line through the points (3,0) and (5,-8).
(

18. Find the equation of a line through the points 4,13) and ( 7,3).



19. Find the equation of a line through the points (7.3 ,0.4) and (2.3 , 5.4).

20. Find the equation of a line through the points (1.5 , 4.5) and (2.5 , 8).

21. Find the equation of a line perpendicular to y :%x_g and passing through the
point (—4,7).

22. Find the equation of a line parallel to y :%x+13 and passing through the

point (1, —5).

23. Find the equation of a line perpendicularto y = —%x+2 and passing through the
point (—12,7).

24. Find the equation of a line parallel to y=7x-4 and passing through the
point (—13, —8) .

25. Find the equation of a line perpendicular to 8x—y =6 and passing through the
point (—3, —9).

26. Find the equation of a line perpendicular to 2x—3y =5 and passing through the
point (—8,0).

27. Find the equation of a vertical line that goes through the point (—9,5) .

28. Find the equation of a horizontal line that goes through the point (—9, 5) .

29. Find the equation of a line with zero slope that goes through the point (13, 7)

30. Find the equation of a line with undefined slope that goes through the point (13, 7)
31. Find the equation of a line parallel to the x axis that goes through (—4,—12)

32. Find the equation of a line perpendicular to the x axis that goes through (—4, —12)
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33. Find the x and y-intercepts of the line 2x — 3y = 6. Graph the line below. What is the slope
of the line? What is the equation of the line?

~
W
*

+

y

34. Find the x and y-intercepts of the line -4x + 5y =-20 . Graph the line below. What is the
slope of the line? What is the equation of the line?

o~

~
W
x

<4
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35. Find the x and y-intercepts of the line 2x — 5y =-10. Graph the line below. What is the
slope of the line? What is the equation of the line?

“~

~
W
*

+

y

36. Find the x and y-intercepts of the line -1x + 3y =6 . Graph the line below. What is the
slope of the line? What is the equation of the line?

*~

<4
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37.

38.

39.

40.

41.

a) A company that makes lawn furniture found their average cost in year 3 to be
$47000 and the average cost in year 8 to be $51000. Find the equation of a line that
could be used to estimate the companies costs (y) if we knew the year (x).

b) Use your equation in part (a) to predict the average costs in year 11.

a) A bear thatis 50 inches long weighs 365 pounds. A bear 55 inches long weighs 446
pounds. Assuming there is a linear relationship between length and weight, find the
equation of a line that we could use to predict the weight (y) of a bear if we knew its
length (x).

b) Use your equation in part (a) to predict the weight of a bear that is 52 inches long.

a) In week 7, a stock price is $46. By week 11, the stock price has risen to $54.
Assuming there is a linear relationship between week and price, find the equation
of the line that we could use to predict the stock price (y) if we knew the week (x).

b) Use your equation in part (a) to predict the stock price in week 48.

a) When a toy store has its employees work 40 hours a week, the profits for that week
are $4600. If the store has its employees work 45 hours then the profits for that
week are $4180 due to having to pay the employee’s overtime. Write two ordered
pairs with x being hours worked and y being profit. Find the equation of the line we
could use to predict profit (y) if we knew the number of hours worked (x).

b) Use your equation in part (a) to predict the profits if the employees work 43 hours
a week. (All employees work three hours of overtime.)

a) The longer an employee works at a software company, the higher his or her salary is.
Let’s explore the relationship between years worked (x) and salary in thousands of
dollars (y). A person that has worked two years for the company makes an annual
salary of 62 thousand dollars. A person that has worked ten years for the company
makes an annual salary of 67 thousand dollars. Write two ordered pairs and find the
equation of a line we could use to predict the annual salary (y) if we knew the
number of years the person has worked (x).

b) Use your equation in part (a) to predict the annual salary of someone that has
worked 20 years for the company.
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42. a) At the beginning of this chapter, we said we might like to explore the relationship
between the unemployment rate each year and U.S. national debt each year. For
example in 2009 the national debt was 11.9 trillion dollars and the unemployment
rate was about 9.9 percent. By 2013 the national debt had increased to 16.7 trillion
dollars and the unemployment rate had fallen to 6.7 percent. If there is a linear
relationship between national debt and unemployment, could we find an equation
that might predict the unemployment rate if we know the national debt? If we let
x be the national debt in trillions and let y be the unemployment percent we would
get the ordered pairs (11.9, 9.9) and (16.7, 6.7). What does the slope tell us? What
does the y-intercept tell us? What is the equation of the line?

b) If the national debt is 18 trillion dollars, what will we predict the unemployment
rate to be?
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Section 7D — Systems of Linear Equations

Companies often look at more than one equation of a line when analyzing how their business is
doing. For example a company might look at a cost equation and a profit equation. The
number of items the company needs to make so that the costs and profits are the same is often
called the break-even point. But how can we figure out the break-even point when we have
two different equations? This is one of the many applications of Linear Systems.

Three Types of Linear Systems

When two lines are drawn on a graph three things can happen. Either the lines will meet at a
point, the lines will be parallel and not meet, or the two lines happen to be the same line and
would have all their points in common. These three things correspond to the three types of
linear systems. The key is that the solutions are only points that lie on both lines.

In a system where the two lines intersect at a point, the one ordered pair (x,y) where the lines
meet is the solution we are looking for. Many books call this an independent system of
equations or an independent system for short. In the example below, the solution is (3,1).

<€
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In a system where the two lines are parallel, we see that the lines never meet and no points lie
on both lines. So there is “no solution” when the lines are parallel. Many books call this an
inconsistent system.
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In a system where the two lines happen to be the same line, the two lines have all their points
in common. When this happens, the solution is “All points on the line are solutions.” Many
books call this a dependent set of equations or a dependent system for short. Notice a
dependent system has infinitely many solutions.

+
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Solving a System by Graphing

To find the solution to a system, we can graph both lines and see if and where they meet. For
example, solve the following system by graphing.

y=3x-7
1
=—X-2
y 2
Since both equations are in slope-intercept form, we can use the slope and y-intercept to graph
each line. The first line has a slope of 3/1 and a y-intercept of (0,-7). So we can start at -7 on

the y-axis and go up 3 and right 1. The second line has a slope of % and a y-intercept of (0,-2).
So we can start at -2 on the y-axis and go up 1 and right 2.

So do the lines intersect and if so where do they intersect? Notice the lines intersect at (2, -1)
so that is the solution to the system. To check the answer plugin 2 for x and -1 for y into both
equations. If it makes both equations true, it is the solution.
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1=3(2)-7 -1=%(2)—2
1=6-7 1=1-2
1="6+7 1="1+42
“1="1 True! “1="1 True!

Let’s try another example. Solve the following system by graphing.

5x+2y =10

5
=——X+5
y 2

Since the first line is not in slope-intercept form, we can graph it by finding the x and
y-intercepts. Plugging in O for x gives 2y=10 which gives y =5. So the y-intercept is (0,5).
Plugging in y = 0 we get 5x = 10 which gives x = 2. So the x-intercept is (2,0) . We can plot (0,5)
and (2,0) and draw the line.

The second line is in slope-intercept form, so we can see the y-intercept is (0,5) and the slope is
-5/2. So we will start at 5 on the y-axis and go down 5 and right 2. If you notice this coincides
perfectly with the first line we drew.

v
So the two equations we graphed were actually the same line. Since the lines have all their
points in common, the solution is “All points on the line are solutions.”
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Note: We could have solved this system by looking at the slope-intercept form of the first
equation. If we solved the first equation for y we would have gotten the following.

5x+2y =10
—5x — 95X
0+2y=-5x+10
2y =-5x+10
{Zy_;5x+10
7 2
5
y:—_5x+ﬂ
2 7

5
=——X+5
y 2

Since both equations have the exact same slope and the exact same y-intercept, they are in fact
the exact same line and will have all their points in common.

Look at this example. Solve the following system of equations by inspection. (Just look at the
slopes and y-intercepts.)

y=—x-4
1
y==X+6
3
Notice both equations are in slope-intercept form. Notice they both have the same slope but
different y-intercepts. If you recall from the section on slope, these lines are parallel. Notice

they have the same slope but they definitely are not the same line. Since the lines are parallel,
they will never intersect and the solution to the system is “No Solution.”
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Solve the following systems with your instructor either by graphing or by inspection.

1
y=——x-1
Example 1: 2
y=2x-11
¢ > X
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2
y=—X-5
Example 2: 3

—-4x+6y=0

Solving linear systems by substitution

If you do not want to solve the system by graphing, there is a way to figure out the answer with
algebra. The method is called the “substitution method”. Here are the steps to the
substitution method.

Steps to solving a system with Substitution

1. Solve one of the equations for one of the variables. (It can be x ory in either equation. If
one of your equations is already in slope-intercept form, then you can just use the y in that
equation.)

2. Plugin (substitute) the value of the variable in step 1 into the other equation you have not
used yet. (You should be left with an equation with only one letter in it.)

3. Solve the one-variable equation. (If the system only has one ordered pair as the answer,
then this will give you either the x or y-coordinate of the answer.)

4. Plugin the value of the variable solved for in step 3 into any of the equations and solve for
the remaining variable that you don’t know.

5. Check your ordered pair answer by plugging into both equations and seeing if they both
make true statements.
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Note: If your system consists of parallel lines, then in step 3, you will get a contradiction
equation. (All the variables will disappear and you are left with a false statement.) The solution
to the system will be “No Solution.”

Note: If your system consists of two equations for the same line, then in step 3, you will get an
identity equation. (All the variables will disappear and you are left with a true statement.) In
this case, the solution to the system will be “All points on the line are solutions.”

Look at the following example. Solve the following system with the substitution method.
2X+3y =3
X—-5y=8

Step 1: Solve for one of the letters. Since you can choose any variable, choose something easy
to solve for. (x in equation 2 looks easy)

X—5y=8
+5y +5y
x=5y+8

Step 2: Now plugin 5y+8 for x in the other equation. Notice the equation only has one letter
now.

2x+3y=3
2(5y+8)+3y=3
Step 3: Solve the one-variable equation. Notice we need to use the distributive property.

2(5y+8)+3y=3
10y +16+3y =3

13y +16=3
~16 -16
13y +0=-13

My A3
BB

y="1
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Step 4: We know that our answer is (???, 71) . We will plug in -1 for y into any of the

equations with two variables and solve. Any equation you use will give you the same answer
for x.
X—5y =8
x=5("1)=8
X+5=8
-5 -5
X=3

Step 5: So our answer is (3, _1) . Let’s check the answer by plugging in 3 for x and -1 for y into

both equations and see if both of them are true.

2x+3y=3 X—5y=8
2(3)+3() =3 3-5(1)=8
6—-3=3 Truell 3+5=8 Truell

Try the following examples of solving with the substitution method with your instructor.

Example 3 y=§x—13 pampled:
xample 3: xample 4: B
3x+4y = 29 ~8x+2y=0
X+7y=-3
Example 5: _3x—-21y =9
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Practice Problems Section 7D

Solve the following linear systems by inspection. (Hint: Examine the slope and y-intercepts.)
You do not have to do any work for these. Just give the solution to the system.

y:—%x+19 y=4x-5 y =5x+7
1. 2. 3. 1
=4x- =—=
y=—%x—12 y 3 y=-3x+7
y:Ex+1 y=-2X—-06 y:_ﬂx_z
4 S 5. 1 6. !
y:gx—8 y:_ZX_G y:—ix—z
5 7

Solve the following linear systems by graphing both lines. You must graph both lines and give
the solution to the system.

y =—3x+9 y==x+3 X+3y=-3
7 8. 9
YZ—ZX—Z y=_£X_4 y=—=x+4
2
y=1x+4 4x-6y=0 y=-2X+3
10. y = —1x+0 11. y=§x+0 12. 6x+3y =3
Solve the following linear systems by using the substitution method.
3x+4y=-1 y=-3x+26 2x—y=-1
13 —2X+5y =—7 1 y:—%x+4 b 3x+4y=-29
y_ L2
6 2" . y=14x+1.6 s 0.3x+0.5y=6.5
3 y=-2.3x+5.3 0.04x+0.1y=1.2
y:gx—5
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Chapter 7 Review

In chapter 7, we looked at linear relationships between two variables. We saw that we make
ordered pairs by labeling one variable as the “x” coordinate and one variable as the “y”
coordinate. We learned that we can plot all of these ordered pairs on the “Rectangular
Coordinate System”. The x and y-axis break the rectangular coordinate system into 4

guadrants. When we plot many ordered pairs in a situation, a “scatterplot” is created.

Sometimes variables like time and cost have a linear relationship. We can tell this because the
scatterplot of the ordered pairs looks like it makes a line. Using any two ordered pairs, we can
find the slope “m” (average rate of change) of this line and the y-intecept (0, b) of this line and
use these to find the “Equation of the line” y = mx + b. Here are the formulas for slope and

y-intercept between the ordered pairs (Xm yl) and (Xz, yz).

(Slope) M= ok
X, =X
(Y —intercept) D= y,—mXx

Remember the slope “m” is also called the average rate of change. In fact it is the change in the
y-variable divided by the change in the x-variable. The average rate of change is a very
important number in analyzing general trends in business and other applications.

Remember the y-intercept “b” actually is the ordered pair (0, b). It is in fact the place where
the line crosses the y-axis. It always has an x-coordinate of 0. In fact the y-intercept is often
the initial value in a linear relationship. In cost data for example, the y-intercept is the initial
costs to set up the business.

Plugging in the “m” and the “b” into y = m x + b will give the equation of the line. This equation
can be used as a formula to help predict y-values for a given x-value.

We also looked at a system of two linear equations. The solution to a linear system is the
ordered pair where the two lines cross. If the lines do not cross at all, there is no solution to the
linear system. If the two lines turn out to be the same line, then all points on the line are
solutions. A linear system can be solved by graphing or by algebraic methods like the
substitution method.
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To solve a system by graphing, simply graph both lines and see if you can determine the
ordered pair where the two lines cross.

To solve a system by substitution, solve for one of the variables (x or y) in either equation. Then
plug in the expression for that variable into the other equation you have not used yet. This
substitution will eliminate one of the variables and allow you to solve the remaining equation
for x ory. After you have found x or y, plug the number back into any equation and find the
other variable.

Review Problems Chapter 7

1. Graph the ordered pairs (-5, -2) , (2,0) , (-4,2) , (0,-3), (1, -3) on the graph provided. Which
point is an x-intercept? Which point is a y-intercept? For the other three points, give the quadrant they
liein.
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2. Graph the ordered pairs (-1, 6) , (0,-5) , (-2,-8) , (-2,0) , (4, 5) on the graph provided. Which
point is an x-intercept? Which point is a y-intercept? For the other three points, give the quadrant they
liein.

v

1.1
3. Graph the ordered pairs (1.5, 5.5) , (0, 2.5), (-1.25,-3.25) , (-4.5,0) , (—15,3zj on the graph

provided. Which point is an x-intercept? Which point is a y-intercept? For the other three points, give
the quadrant they lie in.

o~
L 2
>
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4. Find the slope of the following line by finding the vertical and horizontal change. Be sure to

write your answer in lowest terms.

(2.9)

<4

5. Find the slope of the following line by finding the vertical and horizontal change. Be sure to

write your answer in lowest terms.

»~

<4
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6. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

4
+
x

&
<

7. Find the slope of the following line by finding the vertical and horizontal change. Be sure to
write your answer in lowest terms.

Es
R 4
>

-
«

&
<
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8. Draw a line that goes through the point (-3, -2) and has a slope of +% .

9. Draw a line that goes through the point (2, 1) and has a slope of _% .
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10. Draw a line that goes through the point (-5, 3) and has an undefined slope.

11. Draw a line that goes through the point (-2, 4) and has aslope=0.
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12. Graph the line -1x +4y = -4 by finding the x and y-intercepts.

13. Graph the line 3x - 5y =15 by finding the x and y-intercepts.
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Y- Y

14. Use the slope formula M= to find the slope of the line between

%)

(—3 , 7) and (—5 ) —1) . Be sure to simplify your answer and write it in lowest terms.

Y= ¥

15. Use the slope formula M= to find the slope of the line between

X

(13 ,6) and (8 \ —1) . Be sure to simplify your answer and write it in lowest terms.

Y.~ %

16. Use the slope formula M= to find the slope of the line between

X,

(15 : —12) and (3 : —9) Be sure to simplify your answer and write it in lowest terms.

Y- Y

17. Use the slope formula M= to find the slope of the line between

X,

(—5 . 2) and (—5 ) —4). Be sure to simplify your answer and write it in lowest terms.

Y= %

18. Use the slope formula M= to find the slope of the line between

2

(1 , —2) and (9 : —2). Be sure to simplify your answer and write it in lowest terms.

19. Aline has a slope of +3/5. What is the slope of a line parallel to it? What is the slope of a

line perpendicular to it?

20. Aline has a slope of =4 . What is the slope of a line parallel to it? What is the slope of a

line perpendicular to it?
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21. When a hot dog stand makes 50 hot dogs, the profit for that day is $92. When the hot dog
stand makes 45 hot dogs, the profit for that day is $82.80 . Write two ordered pairs with x
being the number of hot dogs made and y being profit. What is the average rate of change in
profit per hot dog? (Write your answer as a decimal.)

22. The longer an employee works at a coffee company, the higher his or her salary is. Let’s
explore the relationship between years worked (x) and salary in thousands of dollars (y). A
person that has worked three years for the company makes an annual salary of 32 thousand
dollars. A person that has worked seven years for the company makes an annual salary of 34
thousand dollars. Write two ordered pairs and find the average rate of change in salary in
thousands per year worked.

23. Graph aline with a y-intercept of (0, 2) and a slope of _% . What is the equation of the

line you drew in slope-intercept form?
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24. Graph a line with a y-intercept of ( 0, -4) and a slope of +6 . What is the equation of the
line you drew in slope-intercept form?

25. Graph aline with a y-intercept of (0, 5) and a slope of _% . What is the equation of the

line you drew in slope-intercept form?
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26. Find the equation of the line in slope-intercept form described by the following line.

Remember, you will need to find the slope m and the y intercept (0,b) first.

o~

~
W
X

.y,

27. Find the equation of the line in slope-intercept form described by the following line.

Remember, you will need to find the slope m and the y-intercept (0,b) first.

“»~

rE S
,o:
(=]
)
|
>

<4
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28.

Find the equation of the line in slope-intercept form described by the following line.

Remember, you will need to find the slope m and the y-intercept (0,b) first.

29.

30.

31.

32.

33.

34.

S»~

y

Find the equation of a line with a slope of _% and passing through the point (8, —9).

Find the equation of a line with a slope of +3 and passing through the point (5, —1).

Find the equation of a line with a slope of _é and passing through the point (3, —4).

Find the equation of a line through the points (1, —4) and (4,—7).
Find the equation of a line through the points (—6,10) and (—2,8).

Find the equation of a line through the points (—7,13) and (—4,3).
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35.

Find the equation of a line perpendicularto y :gx_g and passing through the

point (—9,7).

36. Find the equation of a line parallel to y :%x+13 and passing through the
point (1, —10) .
37. Find the equation of a vertical line that goes through the point (7, —3) .

38.

39.

40.

41.

42.

Find the equation of a horizontal line that goes through the point (7, —3) .

Find the equation of a line with zero slope that goes through the point (—2,8).

Find the equation of a line with undefined slope that goes through the point (—2,8).

Find the equation of a line parallel to the y axis that goes through (—1, —6).

Find the equation of a line perpendicular to the y axis that goes through (—1, —6).
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43.

44,

a) A company that makes metal car components looked at their average profit in
month 2 to be $32,000 and the average profit in month 7 to be $33,000. Write two
ordered pairs of the form (month , profit). Use the two ordered pairs to find the
equation of a line that could be used to estimate the companies average profits (y) if
we knew the month (x).

b) What does the slope of the line tell us?
¢) What does the y-intercept of the line tell us?

d) Use your equation in part (a) to predict the profit in month 13.

a) A horse that weighs 1100 pounds can carry about 230 pounds. A horse that weighs
1400 pounds can carry about 290 pounds. Write two ordered pairs of the form
(weight of horse , pounds horse can carry). Use the two ordered pairs to find the
equation of a line that we could use to predict the number of pounds a horse can
carry (y) if we knew the weight of the horse (x).

b) What does the slope of the line tell us?

c) Use your equation in part (a) to predict the how much a horse weighing 1300 pounds
can carry?

The following linear systems have been written in slope-intercept form. Solve the following
linear systems by inspection. (Hint: Examine the slope and y-intercepts.) You do not have to do
any work for these. Just give the solution to the system.

45.

.
y=—z*x 1 y=—-2X+9 y=7x-4
46. 47. 2
y:—lx—14 y=-2x-1 y:—gx—4
13
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Solve the following linear system by graphing both lines. You must graph both lines and give the
solution to the system.

1
s, YTT3XTO
y=2x+2
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Solve the following linear systems by graphing both lines. You must graph both lines and give
the solution to the system.

2x+5y =10
49. 2
=——X+2
y 5
¥ X
'
—2X+8y =38
50. 1
=—X—7
y 4
¥ X
'

268



Solve each the following linear systems by using the substitution method.

X+3y=7
oL -2X+5y=-3
y =-10x+36
52. 1
==x+15
y 2x+
-1x-3y=4
>3 3X+9y=-1
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