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Parallel and
Perpendicular Lines
3.1 Identify Pairs of Lines and Angles
3.2 Use Parallel Lines and Transversals
3.3 Prove Lines are Parallel
3.4 Find and Use Slopes of Lines
3.5 Write and Graph Equations of Lines
3.6 Prove Theorems About Perpendicular Lines

Before
In previous chapters, you learned the following skills, which you’ll use in
Chapter 3: describing angle pairs, using properties and postulates, using angle
pair relationships, and sketching a diagram.

Prerequisite Skills
VOCABULARY CHECK
Copy and complete the statement.
1. Adjacent angles share a common ? .
2. Two angles are ? angles if the sum of their measures is 1808.

SKILLS AND ALGEBRA CHECK

The midpoint of }
AB is M. Find AB. (Review p. 15 for 3.2.)
3. AM 5 5x 2 2, MB 5 2x 1 7

4. AM 5 4z 1 1, MB 5 6z 2 11

Find the measure of each numbered angle. (Review p. 124 for 3.2, 3.3.)
5.

6.

2
3
1

7.
1
3 2

1
1358 2
3

388

Sketch a diagram for each statement. (Review pp. 2, 96 for 3.3.)
‹]›
‹]›
8. QR is perpendicular to WX .
9. Lines m and n intersect at point P.
1SFSFRVJTJUFTLJMMTQSBDUJDFBUDMBTT[POFDPN
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Now
In Chapter 3, you will apply the big ideas listed below and reviewed in the
Chapter Summary on page 201. You will also use the key vocabulary listed below.

Big Ideas
1 Using properties of parallel and perpendicular lines
2 Proving relationships using angle measures
3 Making connections to lines in algebra
KEY VOCABULARY
• parallel lines, p. 147
• skew lines, p. 147
• parallel planes, p. 147
• transversal, p. 149
• corresponding angles,
p. 149

• alternate interior angles,
p. 149

• paragraph proof, p. 163

• alternate exterior angles,
p. 149

• slope-intercept form, p. 180

• consecutive interior
angles, p. 149

• distance from a point to
a line, p. 192

• slope, p. 171
• standard form, p. 182

Why?
You can use slopes of lines to determine steepness of lines. For example, you
can compare the slopes of roller coasters to determine which is steeper.

Geometry



The animation illustrated below for Example 5 on page 174 helps you answer
this question: How steep is a roller coaster?













A roller coaster track rises a given
distance over a given horizontal distance.

For each track, use the vertical rise and
the horizontal run to find the slope.

Geometry at classzone.com
Geometry at classzone.com
Other animations for Chapter 3: pages 148, 155, 163, and 181
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Investigating
g
g
Geometry

ACTIVITY Use before Lesson 3.1

3.1 Draw and Interpret Lines
M AT E R I A L S • pencil • straightedge • lined paper

QUESTION

How are lines related in space?

You can use a straightedge to draw a representation of a three-dimensional
figure to explore lines in space.

EXPLORE

Draw lines in space

STEP 1 Draw rectangles
Use a straightedge to draw
two identical rectangles.

STEP 2 Connect corners

STEP 3 Erase parts

Connect the corresponding
corners of the rectangles.

Erase parts of “hidden” lines
to form dashed lines.

Use your observations to complete these exercises

DR AW CONCLUSIONS

Using your sketch from the steps above, label the corners as shown at the
JM and }
LQ. Add lines to the diagram if necessary.
right. Then extend }
‹]›
‹]›
1. Will JM and LQ ever intersect in space? (Lines that intersect
on the page do not necessarily intersect in space.)
K

L

2. Will the pair of lines intersect in space?

‹]›

‹]›

a. JK and NR

‹]›

‹]›

c. LM and MR

‹]›

‹]›

‹]›

‹]›

b. QR and MR

J

d. KL and NQ

M
P

Q

3. Does the pair of lines lie in one plane?

‹]›

‹]›

‹]›

‹]›

a. JK and QR

b. QR and MR

‹]›
‹]›
c. JN and LR

‹]›
‹]›
d. JL and NQ

N

4. Do pairs of lines that intersect in space also lie in the same plane?

Explain your reasoning.
5. Draw a rectangle that is not the same as the one you used in the Explore.

Repeat the three steps of the Explore. Will any of your answers to
Exercises 1–3 change?
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R

3.1
Before
Now
Why?

Key Vocabulary
• parallel lines
• skew lines
• parallel planes
• transversal
• corresponding
angles
• alternate interior
angles
• alternate exterior
angles
• consecutive
interior angles

Identify Pairs of Lines
and Angles
You identified angle pairs formed by two intersecting lines.
You will identify angle pairs formed by three intersecting lines.
So you can classify lines in a real-world situation, as in Exs. 40–42.

Two lines that do not intersect are either parallel lines or skew lines. Two lines
are parallel lines if they do not intersect and are coplanar. Two lines are skew
lines if they do not intersect and are not coplanar. Also, two planes that do
not intersect are parallel planes.
k
Lines m and n are parallel lines (m i n).

m
T
U

n

Lines m and k are skew lines.
Planes T and U are parallel planes (T i U).
Lines k and n are intersecting lines, and
there is a plane (not shown) containing them.

Small directed triangles, as shown on lines m and n above, are used to show
that lines are parallel. The symbol i means “is parallel to,” as in m i n.
Segments and rays are parallel if they lie in parallel lines. A line is parallel
to a plane if the line is in a plane parallel to the given plane. In the diagram
above, line n is parallel to plane U.

EXAMPLE 1

Identify relationships in space

Think of each segment in the figure as part of a line.
Which line(s) or plane(s) in the figure appear to fit the
description?
‹]›
a. Line(s) parallel to CD and containing point A
‹]›
b. Line(s) skew to CD and containing point A
‹]›
c. Line(s) perpendicular to CD and containing point A

C

B

D
A
F
E

G
H

d. Plane(s) parallel to plane EFG and containing point A

Solution
‹]›
‹]› ‹]›
‹]›
‹]›
a. AB , HG , and EF all appear parallel to CD , but only AB contains point A.
‹]›
‹]›
‹]›
b. Both AG and AH appear skew to CD and contain point A.
‹]›
‹]›
‹]›
‹]› ‹]› ‹]›
c. BC , AD , DE , and FC all appear perpendicular to CD , but only AD contains
point A.
d. Plane ABC appears parallel to plane EFG and contains point A.
3.1 Identify Pairs of Lines and Angles
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PARALLEL AND PERPENDICULAR LINES Two lines in the

k

j

same plane are either parallel or intersect in a point.

n

P

Through a point not on a line, there are infinitely many
lines. Exactly one of these lines is parallel to the given
line, and exactly one of them is perpendicular to the
given line.
(FPNFUSZ

l

at classzone.com

For Your Notebook

POSTULATES
POSTULATE 13 Parallel Postulate

P

If there is a line and a point not on the line,
then there is exactly one line through the
point parallel to the given line.

l

There is exactly one line through P parallel to l.

POSTULATE 14 Perpendicular Postulate
P

If there is a line and a point not on the line,
then there is exactly one line through the
point perpendicular to the given line.

l

There is exactly one line through P perpendicular to l.

EXAMPLE 2

Identify parallel and perpendicular lines

PHOTOGRAPHY The given line markings show how

the roads are related to one another.
B

a. Name a pair of parallel lines.

C

b. Name a pair of perpendicular lines.

D

‹]› ‹]›
c. Is FE i AC ? Explain.

M
A

Solution
‹]› ‹]›
‹]› ‹]›
b. MD ⊥ BF
a. MD i FE
‹]›
‹]›
‹]›
c. FE is not parallel to AC , because MD is parallel
‹]›
to FE and by the Parallel Postulate there is
‹]›
exactly one line parallel to FE through M.

✓

GUIDED PRACTICE

E
F

Niagara Falls, New York

for Examples 1 and 2

1. Look at the diagram in Example 1. Name the lines through point H that

‹]›
appear skew to CD .
‹]›

2. In Example 2, can you use the Perpendicular Postulate to show that AC

‹]›
is not perpendicular to BF ? Explain why or why not.
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ANGLES AND TRANSVERSALS A transversal is a line that intersects two or
more coplanar lines at different points.

For Your Notebook

KEY CONCEPT
Angles Formed by Transversals
t
2

t
4

6

5

Two angles are alternate interior
angles if they lie between the two
lines and on opposite sides of the
transversal.

Two angles are corresponding
angles if they have corresponding
positions. For example, ∠ 2 and
∠ 6 are above the lines and to the
right of the transversal t.
t

t

1
3
5
8
READ VOCABULARY

Two angles are alternate exterior
angles if they lie outside the two
lines and on opposite sides of the
transversal.

Another name for
consecutive interior
angles is same-side
interior angles.

EXAMPLE 3

Two angles are consecutive
interior angles if they lie between
the two lines and on the same
side of the transversal.

Identify angle relationships

Identify all pairs of angles of the given type.
a. Corresponding
c. Alternate exterior

b. Alternate interior
d. Consecutive interior

5 6
7 8

1 2
3 4

Solution

✓

a. ∠ 1 and ∠ 5

b. ∠ 2 and ∠ 7

c. ∠ 1 and ∠ 8

d. ∠ 2 and ∠ 5

∠ 2 and ∠ 6
∠ 3 and ∠ 7
∠ 4 and ∠ 8

∠ 4 and ∠ 5

∠ 3 and ∠ 6

∠ 4 and ∠ 7

GUIDED PRACTICE

for Example 3

Classify the pair of numbered angles.
4.

3.
1

5.

2

5

4
5
7

3.1 Identify Pairs of Lines and Angles
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3.1

HOMEWORK
KEY

EXERCISES

5 WORKED-OUT SOLUTIONS
on p. WS1 for Exs. 11, 25, and 35

★ 5 STANDARDIZED TEST PRACTICE
Exs. 2, 28, 36, 37, and 39

SKILL PRACTICE
1. VOCABULARY Copy and complete: A line that intersects two other lines is

a ? .
2.

★ WRITING A table is set for dinner. Can the legs of the table and the top
of the table lie in parallel planes? Explain why or why not.

EXAMPLE 1

IDENTIFYING RELATIONSHIPS Think of each segment in the

on p. 147
for Exs. 3–6

diagram as part of a line. Which line(s) or plane(s) contain A
point B and appear to fit the description?
‹]›
3. Line(s) parallel to CD
‹]›
4. Line(s) perpendicular to CD
‹]›
5. Line(s) skew to CD
E

C

B
D
F

G
H

6. Plane(s) parallel to plane CDH
EXAMPLE 2
on p. 148
for Exs. 7–10

PARALLEL AND PERPENDICULAR LINES Use the markings in the diagram.

7. Name a pair of parallel lines.

N
M

8. Name a pair of perpendicular lines.

‹ › ‹ ›

] ]
9. Is PN i KM ? Explain.

K

L

S
P

‹]› ‹]›
10. Is PR ⊥ NP ? Explain.

P
R

EXAMPLE 3

ANGLE RELATIONSHIPS Identify all pairs of angles of the given type.

on p. 149
for Exs. 11–15

11. Corresponding

12. Alternate interior

13. Alternate exterior

14. Consecutive interior

1 2
3 4
5 6
7 8

15. ERROR ANALYSIS Describe and correct the error in saying that

∠ 1 and ∠ 8 are corresponding angles in the diagram for
Exercises 11–14.
APPLYING POSTULATES How many lines can be drawn that fit each

description? Copy the diagram and sketch all the lines.
‹]›
16. Lines through B and parallel to AC
‹]›
17. Lines through A and perpendicular to BC

A

C

B

USING A DIAGRAM Classify the angle pair as corresponding, alternate

interior, alternate exterior, or consecutive interior angles.
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18. ∠ 5 and ∠ 1

19. ∠ 11 and ∠ 13

20. ∠ 6 and ∠ 13

21. ∠ 10 and ∠ 15

22. ∠ 2 and ∠ 11

23. ∠ 8 and ∠ 4

Chapter 3 Parallel and Perpendicular Lines

1 2
3 4
5 6
7 8

9 10
11 12
13 14
15 16

ANALYZING STATEMENTS Copy and complete the statement with sometimes,
always, or never. Sketch examples to justify your answer.

24. If two lines are parallel, then they are ? coplanar.
25. If two lines are not coplanar, then they ? intersect.
26. If three lines intersect at one point, then they are ? coplanar.
27. If two lines are skew to a third line, then they are ? skew to each other.
28.

★

MULTIPLE CHOICE ∠ RPQ and ∠ PRS are what type of angle pair?

A Corresponding

B Alternate interior

C Alternate exterior

D Consecutive interior

S

R

P

P

ANGLE RELATIONSHIPS Copy and complete the statement. List all possible

correct answers.

E

G

29. ∠ BCG and ? are corresponding angles.
30. ∠ BCG and ? are consecutive interior angles.

D

F

J

31. ∠ FCJ and ? are alternate interior angles.

H

C
A

32. ∠ FCA and ? are alternate exterior angles.

B

33. CHALLENGE Copy the diagram at the right and extend the lines.
a. Measure ∠ 1 and ∠ 2.

2

3

b. Measure ∠ 3 and ∠ 4.
c. Make a conjecture about alternate exterior angles formed

when parallel lines are cut by transversals.

1

4

PROBLEM SOLVING
EXAMPLE 2

CONSTRUCTION Use the picture of the cherry-picker for Exercises 34 and 35.

on p. 148
for Exs. 34–35

34. Is the platform perpendicular, parallel, or skew

to the ground?
GPSQSPCMFNTPMWJOHIFMQBUDMBTT[POFDPN

35. Is the arm perpendicular, parallel, or skew to

a telephone pole?
GPSQSPCMFNTPMWJOHIFMQBUDMBTT[POFDPN

36.

★ OPEN-ENDED MATH Describe two lines in your classroom that are
parallel, and two lines that are skew.

37.

★

MULTIPLE CHOICE What is the best description

of the horizontal bars in the photo?
A Parallel

B Perpendicular

C Skew

D Intersecting

3.1 Identify Pairs of Lines and Angles
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38. CONSTRUCTION Use these steps to construct a line through a given point

P that is parallel to a given line m.

T
P

P
S
m

m
P

P

R

STEP 1 Draw points Q and R on m.

‹]›
Draw PQ. Draw an arc with the
compass point at Q so it crosses
‹]›
‹]›
QP and QR .

39.

R

] Be sure the
STEP 2 Copy ∠ PQR on QP.
‹ ›

two angles are corresponding. Label
‹]› ‹]› ‹]›
the new angle ∠ TPS. Draw PS . PS i QR .

SHORT RESPONSE Two lines are cut by a transversal. Suppose the
measure of a pair of alternate interior angles is 908. Explain why the
measure of all four interior angles must be 908.

★

TREE HOUSE In Exercises 40–42, use the photo to decide

whether the statement is true or false.
40. The plane containing the floor of the tree house is parallel
D
C

to the ground.
41. All of the lines containing the railings of the staircase,

‹]›
such as AB , are skew to the ground.

B
A

‹]›
42. All of the lines containing the balusters, such as CD , are
perpendicular to the plane containing the floor of the
tree house.
CHALLENGE Draw the figure described.

43. Lines l and m are skew, lines l and n are skew, and lines m and n

are parallel.
44. Line l is parallel to plane A, plane A is parallel to plane B, and line l is

not parallel to plane B.

MIXED REVIEW
Use the Law of Detachment to make a valid conclusion. (p. 87)
45. If the measure of an angle is less than 908, then the angle is acute.

The measure of ∠ A is 468.
46. If a food has less than 140 milligrams of sodium per serving, then it is low

sodium. A serving of soup has 90 milligrams of sodium per serving.
PREVIEW
Prepare for
Lesson 3.2
in Exs. 47–49.
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Find the measure of each numbered angle. (p. 124)
47.

48.

1208
1

3
2

EXTRA PR ACTICE for Lesson 3.1, p. 900

1108 3
1 2

49.
508

3
1

ONLINE QUIZ at classzone.com
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