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Vocabulary
complementary 

angles, p. 709
supplementary angles,

p. 709
vertical angles, p. 710

B E F O R E Now W H Y ?

You classified angles
and triangles.

You’ll classify special pairs of
angles.

So you can find the height of a
sculpture, as in Ex. 32.

Angle Relationships

Two angles are if the sum of their measures 
is 90�. Two angles are if the sum of their
measures is 180�.

Complementary angles Supplementary angles

ma1 � 42�, ma2 � 48� ma3 � 125�, ma4 � 55�
ma1 � ma2 � 90� ma3 � ma4 � 180�

Adjacent angles that form a right angle are
complementary. Adjacent angles that form a
straight angle are supplementary. In the
diagram at the right, aBEC and aCED are
complementary angles, and aAEC and aCED
are supplementary angles.
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supplementary angles
complementary angles

In quadrilateral ABCD, identify all       
pairs of complementary angles 
and supplementary angles.

Solution

a. Because maA � maD � 60� � 30� � 90�, aA and aD are
complementary angles.

b. Because maA � maB � 60� � 120� � 180�, aA and aB are
supplementary angles. 

Because maC � maD � 150� � 30� � 180�, aC and aD are
supplementary angles.

150�

30�60�

120�

DA

CB

Example 1 Identifying Complementary, Supplementary Angles

Checkpoint

Tell whether the angles are complementary, supplementary, or neither.

1. ma1 � 63� 2. ma3 � 146� 3. ma5 � 95�
ma2 � 27� ma4 � 44� ma6 � 85�

For help with classifying
angles, see p. 793.

Review Help
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710 Chapter 13 Angle Relationships and Transformations

Vertical Angles When two lines intersect at one point, the angles that are
opposite each other are . Vertical angles have the same
measure, as you will see in Exercise 31.

Vertical angles
a1 and a3
a2 and a4

vertical angles

Stage Monitors Stage monitors are
speakers that performers use so that they
can clearly hear the sounds they make on
a stage. For the stage monitor shown, a1
and a2 are complementary angles, and 
ma1 � 35�. Find ma2.

Solution

ma1 � ma2 � 90� Definition of complementary angles

35� � ma2 � 90� Substitute 35� for ma1.

ma2 � 55� Subtract 35� from each side.

Example 2 Finding an Angle Measure

Television Trays For the television 
tray shown, ma1 � 110�. Find 
ma2, ma3, and ma4.

Solution

a. ma1 � ma2 � 180� a1 and a2 are supplementary.

110� � ma2 � 180� Substitute 110� for ma1.

ma2 � 70� Subtract 110� from each side.

b. ma3 � ma1 Vertical angles have same measure.

ma3 � 110� Substitute 110� for ma1.

c. ma4 � ma2 Vertical angles have same measure.

ma4 � 70� Substitute 70� for ma2.

Example 3 Using Supplementary and Vertical Angles

1
2

3
4

4
3

2
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Checkpoint

4. a1 and a2 are supplementary angles, and ma1 � 118�. Find ma2.

5. a3 and a4 are complementary angles, and ma3 � 24�. Find ma4.

6. In Example 3, suppose that ma1 � 135�. Find ma2, ma3, and ma4.

2
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Lesson 13.1 Angle Relationships 711

Use the diagram shown. Identify
all pairs of the specified angles.

9. Complementary angles

10. Supplementary angles

Tell whether the angles are complementary, supplementary, or neither.

11. ma1 � 22� 12. ma3 � 98� 13. ma5 � 37�
ma2 � 58� ma4 � 82� ma6 � 53�

14. ma1 � 71� 15. ma3 � 64� 16. ma5 � 98�
ma2 � 19� ma4 � 116� ma6 � 72�

Find ma1.

17. 18. 19.

165�

1124�1

28�

Practice and Problem Solving

1. Copy and complete: The sum of the measures of two _?_ angles is 90�. 

2. What can you say about the measures of two vertical angles?

Tell whether the angles are complementary, supplementary, or neither.

3. ma1 � 10� 4. ma3 � 108� 5. ma5 � 58�
ma2 � 70� ma4 � 72� ma6 � 32�

In Exercises 6 and 7, use the given information to find ma2.

6. a1 and a2 are complementary angles, and ma1 � 45�.

7. a1 and a2 are supplementary angles, and ma1 � 160�. 

8. In the diagram shown, ma1 � 35� and ma3 � 110�. What is ma5?

Tell how a1 and a2 are related. 
Then find ma2.

Tell how a3 and a4 are related. 
Then find ma4.

Use what you know about the sum 
of the measures of the angles of 
a triangle to find ma5.

3
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Guided Problem Solving

Skill Check

Vocabulary Check

Guided Practice

Exercises
More Practice, p. 815

13.1 eWorkbook Plus
CLASSZONE.COM

INTERNET
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50�40�

130�
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Example Exercises
1 9–16
2 17, 22–24
3 18–21, 24–25

Homework Help

Online Resources
CLASSZONE.COM

• More Examples
• eTutorial Plus
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712 Chapter 13 Angle Relationships and Transformations

20. Geography The intersection of 
the borders of Utah, Colorado, 
New Mexico, and Arizona is 
called Four Corners. On the map, 
ma1 � 90�. Find ma2, ma3, 
and ma4.

Use the given information to find ma2.

21. a1 and a2 are vertical angles, and ma1 � 140�.

22. a1 and a2 are supplementary angles, and ma1 � 137�.

23. a1 and a2 are complementary angles, and ma1 � 81�.

24. Architecture As shown in the diagram, the two structures of the
Puerta de Europa (Door of Europe) in Madrid, Spain, lean toward
each other at an angle of 15� from the vertical.

a. In the diagram, a1 and the angle that measures 15� are
complementary angles. Find ma1.

b. Tell whether a1 and a2 are complementary or supplementary
angles. Then use your answer to part (a) to find ma2.

25. Writing When two lines intersect at one point, how many pairs of
vertical angles are formed? Explain your answer. 

Algebra Find the value of x in the figure. Then find the unknown
angle measures.

26. 27. 28.

Critical Thinking In Exercises 29 and 30, tell whether a triangle
exists for the given description. If so, classify the triangle by its
angles. If not, explain why not.

29. Two of the angles are 30. Two of the angles are
complementary. supplementary.

31. In the diagram, use only what you know 
about supplementary angles to write 
expressions for ma1, ma2, and ma3 in 
terms of x. Then use the expressions to show 
that the vertical angles have equal measures.

5x� 7x�

6x� (2x � 36)�

42�

8x�

In the Real World
Geography The Four Corners
Monument is the only place in
the United States where you
can stand in four states at one
time. How many pairs of
supplementary angles are
formed by the borders of the
four states?

Utah Colorado

Arizona New
Mexico

1 2
34

15�

1
2

31
2

x�
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150�
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Clothespin
by Claes Oldenburg

32. Sculptures The diagram shows the sculpture Clothespin casting a
shadow. In the diagram, a2 is the angle of the sun above the horizon. 

a. At a certain time of the day, 
ma1 � 148�, and the shadow

has a length of 72 feet. Use a
calculator to find the height of 
the sculpture. Round to the 
nearest tenth.

b. At a certain time of the day,  
ma1 � 135�. How is the length 
of the shadow related to the 
height of the sculpture? 
Explain your reasoning.

33. Critical Thinking Let a1 and a2 be vertical angles. What are their
measures if they are complementary angles? supplementary angles?

34. Geometry Use the diagram shown.

a. For TABC and TDEC, find
the measure of each angle
and the length of each side.

b. Compare How are TABC and
TDEC related? Explain your
reasoning.

35. Challenge Let a1 and a2 be complementary angles, and let a2 and
a3 be supplementary angles. If ma1 � x� and ma2 � 2x�, find x. Then
find ma1, ma2, and ma3.

Use a compass and a straightedge to draw a segment whose length is
the sum of the lengths of the given segments. (p. 794)

36. 37. 38.

Solve the equation. Check your solution. (Lesson 3.1)

39. 5x � 12 � 38 40. 10 � 3x � 37 41. 4x � 7 � �113

Tell whether the sequence is arithmetic or geometric. (Lesson 12.8)

42. 1, 5, 25, 125, . . . 43. 3, 11, 19, 27, . . . 44. 80, 40, 20, 10, . . .

45. Multiple Choice If a1 and a2 are complementary angles, what could
their measures be?

A. ma1 � 36� B. ma1 � 52� C. ma1 � 61� D. ma1 � 89�

ma2 � 24� ma2 � 38� ma2 � 61� ma2 � 91�

46. Multiple Choice In the diagram
shown, ma3 � 72�. What is ma4?

F. 18� G. 36�

H. 108� I. 144�

Standardized Test
Practice

Mixed Review
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714 Chapter 1 Chapter Title

Copying an Angle

Example Use a compass and a straightedge to copy an angle.

Draw aE and a ray with endpoint
H. Then draw an arc with center
E. Label F and G as shown. Using
the same compass setting, draw
an arc with center H. Label J as
shown.

Draw an arc with center F
that intersects G. Using the
same compass setting, draw
an arc with center J. Label K
as shown. Then draw HK&*(.

2

1

Perpendicular Bisectors

A of AB&* is a line, ray, or segment that is 
perpendicular to AB&* at its midpoint.

Example Use a compass and a straightedge to construct a perpendicular
bisector of a segment.

Draw KL&*. Using a compass setting
greater than half the length of KL&*,
draw an arc with center K. Using the
same compass setting, draw an arc
with center L.

Label M and N as shown. Then draw 

MN^&*(, the perpendicular bisector of KL&*.

2

1

perpendicular bisector

Review this
topic in preparation
for solving problems
that involve
constructions in
Lesson 13.2. For a
review of using a
compass and a
straightedge, see 
p. 794.

714 Chapter 13 Angle Relationships and Transformations

Constructions

JE HF

G

JE HF

G K

K L

K L

M

N
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Student Reference Constructions 715

Checkpoint
Draw two segments like the ones shown. Then use a compass and a
straightedge to perform the construction.

1. Copy AB&*. Then construct the
perpendicular bisector of AB&*.

2. Copy  CD&*. Then construct the
perpendicular bisector of  CD&*.

3. Construct a segment whose length is �
1
4

� of the length of CD&*. Describe the
steps you take.

In Exercises 4–6, draw two angles like the ones shown. Then use a
compass and a straightedge to perform the construction.

4. Copy aF and aJ. Then construct the
bisectors of aF and aJ.

5. Construct an angle whose measure is
twice the measure of aJ.

6. Construct an angle whose measure is the
sum of the measures of aF and aJ. Then
construct the bisector of that angle.

7. Apply Construct a 45� angle using what you know about constructing
perpendicular bisectors and angle bisectors. Describe the steps you take.

Angle Bisectors

An is a ray that divides an angle into two adjacent, congruent
angles.

Example Use a compass and a straightedge to construct the bisector 
of an angle.

Draw aP. Then draw an arc
with center P. Label Q and R
as shown. 

Draw an arc with center Q.
Then, using the same compass
setting, draw an arc with center
R. Label S as shown.

Draw PS&*(, the bisector of aRPQ.3

2

1

angle bisector

P Q

R S

A B

C D

F J

Test your
knowledge of
constructions by
solving these
problems.

P Q

R S
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