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LESSON 4: Amirite?   •   M2-61

Learning Goals
• Identify and write the equations of lines 

perpendicular to given lines.
• Identify and write the equations of horizontal 

and vertical lines.

You have translated the graphs of linear equations to determine the slopes of parallel lines. How 
can you rotate the graphs of linear equations to determine the slopes of perpendicular lines?

Warm Up
Determine the reciprocal of each value.

1. 3

2. 210

3.    1 __ 5   

4. 2   5 __ 4   

5. 2c

6.    a __ b   

Amirite?
Determining Slopes of Perpendicular Lines

4
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M2-62   •   TOPIC 1: Linear Functions

GETTING STARTED

Coordinate Rotation

Consider AB with coordinates A (0, 0) and B (8, 5).

1.  Suppose the line segment is rotated through an 
angle with the origin as the center of rotation. 
Complete the table with the coordinates of the 
rotated figure.

Original Line 
Segment

90° 
Counterclockwise 180° 270° 

Counterclockwise
   ̄  AB      ̄  A9B9      ̄  A0B0      ̄  A-B-   

A (0, 0)

B (8, 5)

2. What do you notice about the coordinates of the endpoints of 
each rotated figure?

3. Determine the slope of each line segment.

a. AB     b. A9B9

c. A0B0     d. A-B-

4. Describe any patterns you notice in the slopes of the figures.
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LESSON 4: Amirite?   •   M2-63
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Recall that perpendicular lines or lines segments form a right angle at the 
point of intersection.

Consider the three graphs shown. Each shows a line and its rotation 90° 
about a point, which is also the point of intersection.

1. Are the lines in each graph perpendicular? Explain 
your reasoning.

2. Write the equation for each line and its transformation. What 
do you notice?

Slopes of Perpendicular Lines
AC TIVIT Y

4.1

Remember:

The reciprocal of 
a number    a __ b    is the 

number    b __ a   , where a 
and b are nonzero 
numbers. Because 
the product of a 
number and its 
reciprocal is one, 
reciprocal numbers 
are also known as 
multiplicative inverses.
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M2-64   •   TOPIC 1: Linear Functions

Consider the theorem.

The product of 
the slopes of 
perpendicular lines 
is 21.

The proof shown is a 
paragraph proof. You 
will learn different 
formats of proof as 
you investigate more 
properties of lines 
and figures.

Remember:

The symbol ⊥ means 
is perpendicular to.

Worked Example

Theorem: If two lines are perpendicular, their slopes are negative 
reciprocals.

Use the graph and the proof 
shown to analyze the validity 
of the theorem.

Given: p ' q

Let m1 5 slope of line p and 
let m2 5 slope of line q.

Point R lies on line p.

Prove: m1 5 2   1 ___ m2
   

Rotate point R 90° 
counterclockwise using point O 
as the center of rotation. Since 
p and q are perpendicular, the image (point D) will lie on line q under 
this 90° rotation.

Since this rotation maps the positive x-axis to the positive y-axis, 
and the positive y-axis to the negative x-axis, then the coordinates 
of R(a, b) are transformed into the coordinates of D(2b, a). 
Graphically, you can see the movement of lengths a and b under 
the rotation.

The graph shows the slope of line p, m1 5    b __ a   , and the slope of line 
q, m2 5    a __ 

2b   .

Using these slopes, you can demonstrate that m1 5 2   
1 ___ m2

   .

   b __ a     5 2   
1 ___ 

  a ____ 
2b  

    

5 21 ?    2b ____ a    
5    

b __ a   

The slope of line q is the negative reciprocal of the slope of line p.

R

q

D

O

b

b

a

a

p

(a, b)

(–b, a)

y

x

IM1_SE_M02_T01_L04.indd   64IM1_SE_M02_T01_L04.indd   64 2/13/19   11:16 AM2/13/19   11:16 AM



©
 C

ar
ne

gi
e 

Le
ar

ni
ng

, I
nc

.

LESSON 4: Amirite?   •   M2-65

There is often more than one way to prove a theorem. Suppose that point 
R is rotated 90° clockwise using point O as the center of rotation.

3. Rewrite the proof using the clockwise rotation of point R.

4. Line j and line k are perpendicular. Given each slope of line j, 
determine the slope of line k.

a. m 5    2 __ 3        b.  m 5 2   4 __ 5         c.  m 5 23

R

q

p

y

xO
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M2-66   •   TOPIC 1: Linear Functions

Horizontal and Vertical Lines
AC TIVIT Y

4.2

Consider the graph shown.

1.  Use a straightedge to extend GK to create line p, 
extend GH to create line q, extend FJ to create 
line r, and extend KL to create line s.

2.  Consider the three horizontal lines you drew for 
Question 1. For any horizontal line, if x increases 
by one unit, by how many units does y change?

3. Describe the slope of any horizontal line. Explain 
your reasoning.

4. Consider the vertical line you drew in Question 1. Suppose that 
y increases by one unit. By how many units does x change?

5. Describe the slope of any vertical line. Explain your reasoning.

K L

F J

HG

1
2
3
4
5
6
7
8
9

1 2 3 4 5 6 7 80 9

y

10
11
12
13
14
15
16

10111213141516
x
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6. Determine whether each of the given statements is always, 

sometimes, or never true. Explain your reasoning.

a. All vertical lines are parallel.

b. All horizontal lines are parallel.

7. Describe the relationship between any vertical line and any 
horizontal line.

8. Write an equation for a horizontal line and an equation for a 
vertical line that pass through the point (2, 21).

9. Write an equation for a line that is perpendicular to the line 
given by x 5 5 and passes through the point (1, 0).

10.  Write an equation for a line that is perpendicular to the line 
given by y 5 22 and passes through the point (5, 6).
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M2-68   •   TOPIC 1: Linear Functions

Writing Equations of 
Perpendicular Lines

AC TIVIT Y

4.3

In the previous lesson you wrote the equation of a line parallel to a given 
line that passes through a given point. You can write the equation of a 
perpendicular line using what you know about the slope of that line and 
any point on that line.

1. Write the equation of the line perpendicular to y 5 2x 1 1 that 
passes through the point (6, 2).

2. Write the equation of the line perpendicular to y 5 2   3 __ 4   x that 
passes through the point (3, 28).

3. Write the equation of the line that passes through the point 
(6, 2) and is perpendicular to a line that passes through the 
points (25, 3) and (21, 29).

Remember:

You can use the slope 
formula to write an 
equation for any 
line if you know its 
slope and one point 
on that line. 
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LESSON 4: Amirite?   •   M2-69

4. Write the equation of a line that passes through the point 
(22, 7) and is perpendicular to a line that passes through the 
points (26, 1) and (0, 4).

5. A pair of perpendicular lines intersect at the point (5, 9). Write 
the equation of the line that is perpendicular to the line that 
also passes through point (24, 4).
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M2-70   •   TOPIC 1: Linear Functions

TALK the TALK

Things Aren’t Always What They Seem

Consider the graphs of six linear equations shown.

1. Rosalva says lines a, b, and c are parallel to each other and 
perpendicular to lines d, e, and f. Felino agrees that lines a, b, and 
c are parallel to each other but says they are not perpendicular 
to lines d, e, and f. Who is correct? Justify your reasoning.

−8 −6 −4 −2
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Assignment

Remember
The slopes of perpendicular lines are negative reciprocals.
Any vertical line is perpendicular to any horizontal line.

Write
Explain in your own words why the 
slope of a vertical line is undefi ned.

Practice
Christopher is a developer and plans to build a new development. Use the grid to help Christopher 
create a map for his development. Each gridline represents one block.

1. There are two main roads that pass through the development, Moonbeam Drive and Sunshine 
Avenue. Are these two roads parallel to each other? Explain your reasoning.

2. Christopher wants to build a road named Stargazer Boulevard that will be parallel to Moonbeam 
Drive. On this road, he will build a diner located 7 blocks north of the community garden. Determine 
the equation of the line that represents Stargazer Boulevard. Show your work. Then draw and label 
Stargazer Boulevard on the coordinate plane.

3. Christopher wants to build a road named Rocket Drive that connects Sun Bank to Moonbeam Drive.  
He wants this road to be as short as possible. Determine the equation of the line that represents 
Rocket Drive. Show your work. Then draw and label Rocket Drive on the coordinate plane.

4. Two offi  ce buildings are to be located at the points (8, 4) and (12, 10). Would the shortest road 
between the two offi  ce buildings be a line that is perpendicular to Moonbeam Drive? 
Explain your reasoning.

5. A straight road named Planet Drive is planned that will connect the diner and the community garden. 
What is the equation of the line that represents Planet Drive? Show your work. Draw and label Planet 
Drive on the coordinate plane.

6. Christopher decides that another road to be named Saturn Avenue is needed that will go past the 
cleaners and be perpendicular to Planet Drive. Determine the equation of the line that represents 
Saturn Avenue. Show your work. Draw and label Saturn Avenue on the coordinate plane.

x2 4 6 8

Moonbeam Drive

Sunshine Avenue

100 12 14

Cleaners

Sun Bank

Community
Garden

16 18 20 22

16

12

14

8

10

2

4

6

y

18
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M2-72   •   TOPIC 1: Linear Functions

Stretch
Triangle ABC is located on three lines such that the 
vertices occur at the points of intersection of pairs 
of the lines, as shown on the graph.
If △ABC is rotated 90° counterclockwise around the 
origin to form △A’B’C’, determine the equations of 
the lines that would contain △A’B’C’. Explain your 
reasoning. Then draw the three lines that contain 
△A’BC’ and label △A’B’C’.

Review
1. Graph the estimated line of best fi t for the set of points: (22, 26), (23, 22), (2, 4), (6, 3). 

Determine the estimated linear regression equation for the line.

3. Write the equation of a line parallel to the line 2x 2 3y 5 6 that passes through the 
given points.
a. (0, 3) b. (24, 21)

4. Write a recursive and explicit formula for the arithmetic sequence shown.
4, 8, 12, 16, 20 …..

5. Write a recursive and explicit formula for the geometric sequence shown. 
 9, 23, 1, 2   

1 __ 3   ,    1 __ 9    ...

2 4 6 8 100

8

10

2

4

6

y

x

−8−10 −6 −4 −2
−2

−4

20 4 6

B

A
C

8 10

−8

−6

8

6

4

2

y

x

10

−10

2. Determine whether the points on the scatter plot have a positive 
correlation, a negative correlation, or no correlation. 
Then determine which r-value is most accurate.
a. r 5 0.005
b. r 5 20.865
c. r 5 20.045
d. r 5 0.905
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