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 Verifying a Tangent to a Circle

Is  — ST   tangent to ⊙P?

SOLUTION

Use the Converse of the Pythagorean Theorem (Theorem 9.2). Because 122 +  352 =  372, 
△PTS is a right triangle and  — ST   ⊥  — PT  . So,  — ST   is perpendicular to a radius of ⊙P at its 
endpoint on ⊙P.

 By the Tangent Line to Circle Theorem,  — ST   is tangent to ⊙P.

 Finding the Radius of a Circle

In the diagram, point B is a point of tangency. Find 
the radius r of ⊙C.

SOLUTION

You know from the Tangent Line to Circle Theorem that  — AB   ⊥  — BC  , so △ABC is 
a right triangle. You can use the Pythagorean Theorem (Theorem 9.1).

 AC2 =  BC2 +  AB2 Pythagorean Theorem

 (r +  50)2 =  r2 +  802 Substitute.

 r2 +  100r +  2500 =  r2 +  6400 Multiply.

 100r =  3900 Subtract r2 and 2500 from each side.

 r =  39 Divide each side by 100.

 The radius is 39 feet.

Using Properties of Tangents

TheoremsTheorems
Theorem 10.1 Tangent Line to Circle Theorem
In a plane, a line is tangent to a circle if and only if 
the line is perpendicular to a radius of the circle at 
its endpoint on the circle.

Proof Ex. 47, p. 536

Theorem 10.2 External Tangent Congruence Theorem
Tangent segments from a common external point 
are congruent.

Proof Ex. 46, p. 536

Q

P

m

P
S

T

R

PS

T
35

37

12

B

A C50 ft

80 ft r

r

Line m is tangent to ⊙Q
if and only if m ⊥ QP.

If SR and ST are tangent
segments, then SR ≅ ST.
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Extra Example 3
Is   — ST   tangent to ⊙P?

PS

T
44

51

24

No,  — ST   is not tangent to ⊙P.

Extra Example 4
In the diagram, point P is a point of 
tangency. Find the radius r of ⊙O.

QP

O

36

24r
r

r =  15

Teacher ActionsTeacher ActionsLaurie’s Notes
• The theorems relating to tangents can be investigated using dynamic geometry software. See 

the Teaching Strategy on page T-528.
• Have partners discuss strategies for proving each theorem and then share as a class.
• Wait Time: Pose Example 4, and give partners sufficient Wait Time to work on the problem. 

Students should recall how to square a binomial and perform the symbolic manipulations. 
 “Does B have to be a point of tangency to solve this problem in this manner?” yes

hscc_geo_te_1001.indd   532hscc_geo_te_1001.indd   532 11/24/15   2:42 PM11/24/15   2:42 PM

532 Chapter 10

532 Chapter 10  Circles

 Verifying a Tangent to a Circle

Is  — ST   tangent to ⊙P?

SOLUTION

Use the Converse of the Pythagorean Theorem (Theorem 9.2). Because 122 +  352 =  372, 
△PTS is a right triangle and  — ST   ⊥  — PT  . So,  — ST   is perpendicular to a radius of ⊙P at its 
endpoint on ⊙P.

 By the Tangent Line to Circle Theorem,  — ST   is tangent to ⊙P.

 Finding the Radius of a Circle

In the diagram, point B is a point of tangency. Find 
the radius r of ⊙C.

SOLUTION

You know from the Tangent Line to Circle Theorem that  — AB   ⊥  — BC  , so △ABC is 
a right triangle. You can use the Pythagorean Theorem (Theorem 9.1).

 AC2 =  BC2 +  AB2 Pythagorean Theorem

 (r +  50)2 =  r2 +  802 Substitute.

 r2 +  100r +  2500 =  r2 +  6400 Multiply.

 100r =  3900 Subtract r2 and 2500 from each side.

 r =  39 Divide each side by 100.

 The radius is 39 feet.

Using Properties of Tangents

TheoremsTheorems
Theorem 10.1 Tangent Line to Circle Theorem
In a plane, a line is tangent to a circle if and only if 
the line is perpendicular to a radius of the circle at 
its endpoint on the circle.

Proof Ex. 47, p. 536

Theorem 10.2 External Tangent Congruence Theorem
Tangent segments from a common external point 
are congruent.

Proof Ex. 46, p. 536

Q

P

m

P
S

T

R

PS

T
35

37

12

B

A C50 ft

80 ft r

r

Line m is tangent to ⊙Q
if and only if m ⊥ QP.

If SR and ST are tangent
segments, then SR ≅ ST.

hs_geo_pe_1001.indd   532 1/19/15   2:31 PM

Extra Example 3
Is   — ST   tangent to ⊙P?

PS

T
44

51

24

No,  — ST   is not tangent to ⊙P.

Extra Example 4
In the diagram, point P is a point of 
tangency. Find the radius r of ⊙O.

QP

O

36

24r
r

r =  15

Teacher ActionsTeacher ActionsLaurie’s Notes
• The theorems relating to tangents can be investigated using dynamic geometry software. See 

the Teaching Strategy on page T-528.
• Have partners discuss strategies for proving each theorem and then share as a class.
• Wait Time: Pose Example 4, and give partners sufficient Wait Time to work on the problem. 

Students should recall how to square a binomial and perform the symbolic manipulations. 
 “Does B have to be a point of tangency to solve this problem in this manner?” yes

hscc_geo_te_1001.indd   532hscc_geo_te_1001.indd   532 11/24/15   2:42 PM11/24/15   2:42 PM

534 Chapter 10

534 Chapter 10  Circles

Exercises10.1 Dynamic Solutions available at BigIdeasMath.com

 1. WRITING How are chords and secants alike? How are they different?

 2. WRITING Explain how you can determine from the context whether the words radius and 
diameter are referring to segments or lengths.

 3. COMPLETE THE SENTENCE Coplanar circles that have a common center are called _______.

 4. WHICH ONE DOESN’T BELONG? Which segment does not belong with the other three? 
Explain your reasoning.

chord radius tangent diameter

Vocabulary and Core Concept CheckVocabulary and Core Concept Check

In Exercises 5–10, use the diagram. (See Example 1.)

5. Name the circle.

6. Name two radii.

7. Name two chords.

8. Name a diameter.

9. Name a secant.

10. Name a tangent and a point of tangency.

In Exercises 11–14, copy the diagram. Tell how many 
common tangents the circles have and draw them. 
(See Example 2.)

 11.  12. 

 13.  14. 

In Exercises 15–18, tell whether the common tangent is 
internal or external.

 15.  16. 

 17.  18. 

In Exercises 19–22, tell whether  — AB   is tangent to ⊙C. 
Explain your reasoning. (See Example 3.)

 19. 
C

BA

3
5

4

 20. 

C

B A

9

15

18

 21. 

C

B D

A

60

20
48

 22. 

C

B

A 12

8

16

In Exercises 23–26, point B is a point of tangency. Find 
the radius r of ⊙C. (See Example 4.)

 23. 

C

B A

r
r

24

16

 24. 

     

C

BA

r
r

6

9

 25. 
CB

A

r

r14
7

 26. 
    

C

B
Ar

r
18

30

Monitoring Progress and Modeling with MathematicsMonitoring Progress and Modeling with Mathematics

D

CJ

E
F

G

H

A

B
K
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ANSWERS
1. They both intersect the circle in two 

points; Chords are segments and 
secants are lines.

2. When the context is measure, it refers 
to length. 

3. concentric circles
4. tangent; It is outside the circle.
5. ⊙C
6. — AC  ,  — CD  
7. — BH  ,  — AD  
8. — AD  
9. ⃖##⃗ KG 

10. ⃖##⃗ GE , F
11. 4

12. 0

13. 2

Assignment Guide and 
Homework Check

ASSIGNMENT

Basic: 1–4, 5–33 odd, 39, 42, 49, 50
Average: 1–4, 6–34 even, 37–40, 42, 
45, 48–50
Advanced: 1–4, 6–14 even, 
20–34 even, 37–42, 44–50

HOMEWORK CHECK

Basic: 7, 11, 15, 23, 29
Average: 20, 26, 32, 37, 40
Advanced: 20, 26, 40, 45, 48

14. 1

 15. external 
 16. internal
 17. internal
 18. external
 19. yes; △ ABC is a right triangle.

 20. no; △ ABC is not a right triangle.
 21. no; △ ABD is not a right triangle.
 22. yes; △ ABC is a right triangle.
 23. 10
 24. 3.75
 25. 10.5
 26. 16
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Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Interactive Whiteboard Lesson Library

Lesson Planning Tool

Dynamic Classroom with Dynamic Investigations

Dynamic Teaching Tools
Dynamic Assessment & Progress Monitoring Tool

Interactive Whiteboard Lesson Library

Lesson Planning Tool

Dynamic Classroom with Dynamic Investigations
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Essential QuestionEssential Question What are the defi nitions of the lines and 
segments that intersect a circle?

 Lines and Line Segments That Intersect Circles

Work with a partner. The drawing at 
the right shows fi ve lines or segments that 
intersect a circle. Use the relationships shown 
to write a defi nition for each type of line or 
segment. Then use the Internet or some other 
resource to verify your defi nitions.

Chord: 

Secant: 

Tangent: 

Radius: 

Diameter: 

 Using String to Draw a Circle

Work with a partner. Use two pencils, a piece of string, and a piece of paper.

a. Tie the two ends of the piece of string loosely around the two pencils.

b. Anchor one pencil on the paper at the center of the circle. Use the other pencil 
to draw a circle around the anchor point while using slight pressure to keep the 
string taut. Do not let the string wind around either pencil.

c. Explain how the distance between the two pencil points as you draw the circle 
is related to two of the lines or line segments you defi ned in Exploration 1.

Communicate Your AnswerCommunicate Your Answer
 3. What are the defi nitions of the lines and segments that intersect a circle?

 4. Of the fi ve types of lines and segments in Exploration 1, which one is a subset 
of another? Explain.

 5. Explain how to draw a circle with a diameter of 8 inches.

REASONING 
ABSTRACTLY

To be profi cient in math, 
you need to know and 
fl exibly use different 
properties of operations 
and objects.

Lines and Segments That 
Intersect Circles

10.1

ch
or

d

diameter
radius

secant

tangent
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ANSWERS
1. segment with endpoints on the circle; 

line that intersects a circle at two 
points; line in the plane of a circle 
that intersects the circle at exactly 
one point; segment whose endpoints 
are the center and any point on a 
circle; chord that contains the center 
of the circle

2. a. and b. Check students’ work.
 c. The distance is the radius and half 

the diameter.
3. A chord is a segment with endpoints 

that lie on a circle. A diameter is a 
chord that passes through the center 
of a circle. A radius is a segment 
with one endpoint on the center of 
a circle and one endpoint on the 
circle. A secant line is a line that 
passes through two points on a circle. 
A tangent line is a line that passes 
through only one point on a circle. 

4. diameters; A diameter is a chord that 
passes through the center of a circle. 

5. Use two pencils tied together with a 
string that is 4 inches long.
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Geometry        10.2   FINDING ARC MEASURES 
 
 
 
 
Central Angle: An angle whose vertex is the center of the circle 
 
Minor Arc:  Has a central angle less than 180 degrees 
 

Central Angle    Minor Arc   Major Arc   
 
 

 
 
Measure of a Minor Arc: Measure of its central angle (less than 180 degrees) 
 
Measure of a Major Arc:  360 – Measure of Minor Arc 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

∠ACB AB! ADB!
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10.2 Lesson What You Will LearnWhat You Will Learn
 Find arc measures.

 Identify congruent arcs.

 Prove circles are similar.

Finding Arc Measures
A central angle of a circle is an angle whose vertex is the center of the circle. In the 
diagram, ∠ACB is a central angle of ⊙C.

If m∠ACB is less than 180°, then the points on ⊙C that lie in the interior of ∠ACB 
form a minor arc with endpoints A and B. The points on ⊙C that do not lie on the 
minor arc AB form a major arc with endpoints A and B. A semicircle is an arc with 
endpoints that are the endpoints of a diameter.

minor arc AB

major arc ADB

A

BC

D

Minor arcs are named by their endpoints. The minor arc associated with ∠ACB is 
named  " AB  . Major arcs and semicircles are named by their endpoints and a point on 
the arc. The major arc associated with ∠ACB can be named  " ADB  .

 Finding Measures of Arcs

Find the measure of each arc of ⊙P, where  — RT   is a diameter.

a.  " RS  

b.  " RTS  

c.  " RST  

SOLUTION

a.  " RS   is a minor arc, so m " RS   =  m∠RPS =  110°.

b.  " RTS   is a major arc, so m " RTS   =  360° − 110° =  250°.

c.  — RT   is a diameter, so  " RST   is a semicircle, and m " RST   =  180°.

central angle, p. 538
minor arc, p. 538
major arc, p. 538
semicircle, p. 538
measure of a minor arc, p. 538
measure of a major arc, p. 538
adjacent arcs, p. 539
congruent circles, p. 540
congruent arcs, p. 540
similar arcs, p. 541

Core VocabularyCore Vocabullarry

Core Core ConceptConcept
Measuring Arcs
The measure of a minor arc is the measure of 
its central angle. The expression m " AB   is read as 
“the measure of arc AB.”

The measure of the entire circle is 360°. The 
measure of a major arc is the difference of 360° 
and the measure of the related minor arc. The 
measure of a semicircle is 180°.

STUDY TIP
The measure of a minor 
arc is less than 180°. The 
measure of a major arc is 
greater than 180°.

50°
mAB =  50°

A

BC

D

110°

R

S

T

P

m " ADB   =  360° − 50° =  310°
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Differentiated Instruction

Kinesthetic
Draw a large circle on the board with 
its center at about shoulder height. 
Have a student stand so his or her 
shoulders are at the center of the circle. 
Have the student use his or her arms to 
represent the sides of a central angle. 
For example, hold one arm straight 
overhead and one straight out to the 
side to represent a right angle. Point 
to the corresponding minor and major 
arcs for the angle. Repeat the activity 
for different angles.

Extra Example 1
Find the measure of each arc of ⊙C, 
where   — AB   is a diameter.

65°

D

B

A

C

a. " AD   65°
b.  " DAB   245°
c. " BDA   180°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Discuss vocabulary: minor arc, major arc, and semicircle.

 Turn and Talk: “Why does a major arc require three letters to name?” With only two letters, 
it would be unclear whether the arc was a minor arc or a major arc.

• Write the Core Concept.
• Think-Pair-Share: Pose Example 1. Students should have little difficulty with these examples.

 “In any circle, is m " ABC   =  m " CBA  ? Explain.” yes; It does not matter whether the major arc is 
named in a clockwise or counterclockwise direction.
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 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088

QT

S
R

60°80°
120°

B

C

A

mABC =  mAB +  mBC

hs_geo_pe_1002.indd   539 1/19/15   2:32 PM

MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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 Section 10.2  Finding Arc Measures 539

 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088

QT

S
R

60°80°
120°

B

C

A

mABC =  mAB +  mBC
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MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088

QT

S
R

60°80°
120°

B

C

A

mABC =  mAB +  mBC
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MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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 Section 10.2  Finding Arc Measures 539

 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088

QT

S
R

60°80°
120°

B

C

A

mABC =  mAB +  mBC
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MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088
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S
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C
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MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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 Using the Arc Addition Postulate

Find the measure of each arc.

a. ! GE   b. ! GEF   c.  ! GF  

SOLUTION

a. m ! GE   =  m ! GH   +  m ! HE   =  40° +  80° =  120°

b. m ! GEF   =  m ! GE   +  m ! EF   =  120° +  110° =  230°

c. m ! GF   =  360° − m ! GEF   =  360° − 230° =  130°

 Finding Measures of Arcs

A recent survey asked teenagers whether 
they would rather meet a famous musician, 
athlete, actor, inventor, or other person. The 
circle graph shows the results. Find the 
indicated arc measures.

a. m ! AC   b. m ! ACD  

c. m ! ADC   d. m ! EBD  

SOLUTION

a. m ! AC   =  m ! AB   +  m ! BC   b. m ! ACD   =  m ! AC   +  m ! CD  

 =  29° +  108° =  137° +  83°

 =  137° =  220°

c. m ! ADC   =  360° − m ! AC   d. m ! EBD   =  360° − m ! ED  

 =  360° − 137° =  360° − 61°

 =  223° =  299°

Monitoring ProgressMonitoring Progress Help in English and Spanish at BigIdeasMath.com

Identify the given arc as a major arc, minor arc, 
or semicircle. Then fi nd the measure of the arc.

 1.  ! TQ   2.  ! QRT   3.  ! TQR  

 4.  ! QS   5.  ! TS   6.  ! RST    

Two arcs of the same circle are adjacent arcs when they intersect at exactly one point. 
You can add the measures of two adjacent arcs.

PostulatePostulate
Postulate 10.1 Arc Addition Postulate
The measure of an arc formed by two adjacent arcs 
is the sum of the measures of the two arcs.

R

H
40°

80°
110°

EF

G

D

EA

B

C

Athlete:
838

Other:
618

Actor:
798

Inventor:
298

Whom Would You Rather Meet?

Musician:
1088

QT

S
R

60°80°
120°

B

C

A

mABC =  mAB +  mBC

hs_geo_pe_1002.indd   539 1/19/15   2:32 PM

MONITORING PROGRESS 
ANSWERS

1. minor arc; 120°
2. major arc; 240°
3. semicircle; 180°

 4. minor arc; 160°
 5. minor arc; 80°
 6. semicircle; 180°

English Language Learners

Visual Aid
Have students work in groups to make 
posters illustrating the core vocabulary 
terms used in this lesson. Include the 
terms minor arc, major arc, semicircle, 
central angle, congruent circles, 
congruent arcs, and adjacent arcs.

Extra Example 2
Find the measure of each arc.

P
Q

O

R
S

35°

a.  ! SQ   125°
b.  ! RPQ   270°
c. ! PRS   215°

Extra Example 3
A survey asked people how many minutes 
they spend brushing their teeth each 
morning. The circle graph shows the 
results. Find the indicated arc measures.

For How Long Did
You Brush Your Teeth?

D

A

B

C 1 min
145°

2 min:
120°

3 min:
82°

4 min:
13°

a. m ! ABC   202°
b. m ! ACB   240°
c. m ! BD   95°
d. m ! CBD   347°

Teacher ActionsTeacher ActionsLaurie’s Notes
• Connection: The Arc Addition Postulate (Post. 10.1) is based on the Angle Addition Postulate 

(Post. 1.4) and how circular arcs are measured.
• It can be confusing for students when many points appear on a circle and naming an arc such as  ! GE   in Example 2 does not include H. Explain that  ! GE   and  ! GHE   are the same arc. For simplicity 

and clarity, we use only the two letters in naming minor arc  ! GE  .
• Have partners work independently to solve Example 3, and then discuss as a class.
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CONGRUENT CIRCLES CONGRUENT ARCS 
360 rotation; Same radii Same central angle; Same radii   
Same shape; Same circumference (size)   Same shape; Same Length (size) 
 

     
 
SIMILAR CIRCLES:       SIMILAR ARCS 
360 rotation; Different radii Same central angle; Different radii 
Same Shape; Different circumferences (size) Same Shape; Different lengths 
_____________________________________________________________________

 
_____________________________________________________________________________ 
PRACTICE       GROUP WORK 
Tell whether arcs AB and CD are congruent; whether arcs MN and PQ are congruent. 
Explain why or why not. 

 
 
 
Tell whether the DC and EF arcs are similar.  Which arcs are congruent arcs? 
 

 
 
 
 
 
HW10.2; 1, 2, 5-15odd; 19-24all, 31, 39, 41 

540 Chapter 10

540 Chapter 10  Circles

 Identifying Congruent Arcs

Tell whether the red arcs are congruent. Explain why or why not.

a. 

C F
B

D E

80 °80 °

 b. 

Q S U
R

T  c. 
T

X

ZY

V

U
95 °95 °

SOLUTION

a.  ! CD   ≅  ! EF   by the Congruent Central Angles Theorem because they are arcs of the 
same circle and they have congruent central angles, ∠CBD ≅ ∠FBE. 

b.  ! RS   and  ! TU   have the same measure, but are not congruent because they are arcs 
of circles that are not congruent.

c.  ! UV   ≅  ! YZ   by the Congruent Central Angles Theorem because they are arcs of 
congruent circles and they have congruent central angles, ∠UTV ≅ ∠YXZ.

STUDY TIP
The two circles in part (c) 
are congruent by the 
Congruent Circles Theorem 
because they have the 
same radius.

Identifying Congruent Arcs
Two circles are congruent circles if and only if a rigid motion or a composition 
of rigid motions maps one circle onto the other. This statement is equivalent to the 
Congruent Circles Theorem below.

TheoremTheorem

TheoremTheorem

Theorem 10.3 Congruent Circles Theorem
Two circles are congruent circles if and only 
if they have the same radius. 

Proof Ex. 35, p. 544

Theorem 10.4 Congruent Central Angles Theorem
In the same circle, or in congruent circles, two minor 
arcs are congruent if and only if their corresponding 
central angles are congruent. 

Proof Ex. 37, p. 544

Two arcs are congruent arcs if and only if they have the same measure and they are 
arcs of the same circle or of congruent circles.

A

C

B

D

A

C

B

D

E

⊙A ≅ ⊙B if and only if AC ≅ BD.

 ! BC   ≅  ! DE   if and 
only if ∠BAC ≅ ∠DAE.
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Extra Example 4
Tell whether the red arcs are congruent. 
Explain why or why not.

a. 

F

G

H

E

110°

! FG   and  ! EH   are not congruent. They 
have the same measure, but they are 
arcs of circles that are not congruent.

b. P

Q

R
S

T

50°
65°

! PQ   ≅   ! RS   by the Congruent Central 
Angles Theorem because they are 
arcs of the same circle and they 
have congruent central angles, 
∠PTQ ≅ ∠RTS.

c. 

PO

J

K

M N

L
12

6

! JK   ≅   ! MN   by the Congruent Central 
Angle Theorem because the arcs have 
congruent central angles of 90°. The 
circles are congruent because they 
both have radius 6.

Teacher ActionsTeacher ActionsLaurie’s Notes
 “How would you define congruent arcs?” Students will likely say that two arcs are congruent if 
their central angles are congruent. They do not consider the size of the circle!

• An arc of 45° on noncongruent circles will have the same arc measure but not the same length. 
This naturally leads to the next question.

 “How would you define congruent circles?” Congruent circles have the same radius.
• Remind students that congruence could also be defined in terms of rigid motions. An alternate 

approach is described in the Teaching Strategy on page T-568.
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540 Chapter 10  Circles

 Identifying Congruent Arcs

Tell whether the red arcs are congruent. Explain why or why not.

a. 

C F
B

D E

80 °80 °

 b. 

Q S U
R

T  c. 
T

X

ZY

V

U
95 °95 °

SOLUTION

a.  ! CD   ≅  ! EF   by the Congruent Central Angles Theorem because they are arcs of the 
same circle and they have congruent central angles, ∠CBD ≅ ∠FBE. 

b.  ! RS   and  ! TU   have the same measure, but are not congruent because they are arcs 
of circles that are not congruent.

c.  ! UV   ≅  ! YZ   by the Congruent Central Angles Theorem because they are arcs of 
congruent circles and they have congruent central angles, ∠UTV ≅ ∠YXZ.

STUDY TIP
The two circles in part (c) 
are congruent by the 
Congruent Circles Theorem 
because they have the 
same radius.

Identifying Congruent Arcs
Two circles are congruent circles if and only if a rigid motion or a composition 
of rigid motions maps one circle onto the other. This statement is equivalent to the 
Congruent Circles Theorem below.

TheoremTheorem

TheoremTheorem

Theorem 10.3 Congruent Circles Theorem
Two circles are congruent circles if and only 
if they have the same radius. 

Proof Ex. 35, p. 544

Theorem 10.4 Congruent Central Angles Theorem
In the same circle, or in congruent circles, two minor 
arcs are congruent if and only if their corresponding 
central angles are congruent. 

Proof Ex. 37, p. 544

Two arcs are congruent arcs if and only if they have the same measure and they are 
arcs of the same circle or of congruent circles.

A

C

B

D

A

C

B

D

E

⊙A ≅ ⊙B if and only if AC ≅ BD.

 ! BC   ≅  ! DE   if and 
only if ∠BAC ≅ ∠DAE.
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Extra Example 4
Tell whether the red arcs are congruent. 
Explain why or why not.

a. 

F

G

H

E

110°

! FG   and  ! EH   are not congruent. They 
have the same measure, but they are 
arcs of circles that are not congruent.

b. P

Q

R
S

T

50°
65°

! PQ   ≅   ! RS   by the Congruent Central 
Angles Theorem because they are 
arcs of the same circle and they 
have congruent central angles, 
∠PTQ ≅ ∠RTS.

c. 

PO

J

K

M N

L
12

6

! JK   ≅   ! MN   by the Congruent Central 
Angle Theorem because the arcs have 
congruent central angles of 90°. The 
circles are congruent because they 
both have radius 6.

Teacher ActionsTeacher ActionsLaurie’s Notes
 “How would you define congruent arcs?” Students will likely say that two arcs are congruent if 
their central angles are congruent. They do not consider the size of the circle!

• An arc of 45° on noncongruent circles will have the same arc measure but not the same length. 
This naturally leads to the next question.

 “How would you define congruent circles?” Congruent circles have the same radius.
• Remind students that congruence could also be defined in terms of rigid motions. An alternate 

approach is described in the Teaching Strategy on page T-568.
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540 Chapter 10  Circles

 Identifying Congruent Arcs

Tell whether the red arcs are congruent. Explain why or why not.

a. 

C F
B

D E

80 °80 °

 b. 

Q S U
R

T  c. 
T

X

ZY

V

U
95 °95 °

SOLUTION

a.  ! CD   ≅  ! EF   by the Congruent Central Angles Theorem because they are arcs of the 
same circle and they have congruent central angles, ∠CBD ≅ ∠FBE. 

b.  ! RS   and  ! TU   have the same measure, but are not congruent because they are arcs 
of circles that are not congruent.

c.  ! UV   ≅  ! YZ   by the Congruent Central Angles Theorem because they are arcs of 
congruent circles and they have congruent central angles, ∠UTV ≅ ∠YXZ.

STUDY TIP
The two circles in part (c) 
are congruent by the 
Congruent Circles Theorem 
because they have the 
same radius.

Identifying Congruent Arcs
Two circles are congruent circles if and only if a rigid motion or a composition 
of rigid motions maps one circle onto the other. This statement is equivalent to the 
Congruent Circles Theorem below.

TheoremTheorem

TheoremTheorem

Theorem 10.3 Congruent Circles Theorem
Two circles are congruent circles if and only 
if they have the same radius. 

Proof Ex. 35, p. 544

Theorem 10.4 Congruent Central Angles Theorem
In the same circle, or in congruent circles, two minor 
arcs are congruent if and only if their corresponding 
central angles are congruent. 

Proof Ex. 37, p. 544

Two arcs are congruent arcs if and only if they have the same measure and they are 
arcs of the same circle or of congruent circles.
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B

D

A

C

B

D

E
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only if ∠BAC ≅ ∠DAE.
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their central angles are congruent. They do not consider the size of the circle!

• An arc of 45° on noncongruent circles will have the same arc measure but not the same length. 
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Tell whether the red arcs are congruent. Explain why or why not.

 7. 

A

B C

D
145° 145°

 8. 

M

P
N

Q
120°120°

5 4

Proving Circles Are Similar

TheoremTheorem
Theorem 10.5 Similar Circles Theorem
All circles are similar.

Proof p. 541; Ex. 33, p. 544

 Similar Circles Theorem

All circles are similar.

Given ⊙C with center C and radius r, 
⊙D with center D and radius s

Prove ⊙C ∼ ⊙D

First, translate ⊙C so that point C maps to point D. The image of ⊙C is ⊙C′ with 
center D. So, ⊙C′ and ⊙D are concentric circles.

C
r r

D
s D

s

circle C′

⊙C′ is the set of all points that are r units from point D. Dilate ⊙C′ using center of 

dilation D and scale factor   s — 
r
  .

s
D

r

D
s

circle C′

This dilation maps the set of all the points that are r units from point D to the set of all 

points that are   s — 
r
  (r) =  s units from point D. ⊙D is the set of all points that are s units 

from point D. So, this dilation maps ⊙C′ to ⊙D.

Because a similarity transformation maps ⊙C to ⊙D, ⊙C ∼ ⊙D.

Two arcs are similar arcs if and only if they have the same measure. All congruent 
arcs are similar, but not all similar arcs are congruent. For instance, in Example 4, the 
pairs of arcs in parts (a), (b), and (c) are similar but only the pairs of arcs in parts (a) 
and (c) are congruent.

C
r

D
s
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MONITORING PROGRESS 
ANSWERS

7. congruent; The circles are congruent 
and m $ AB   =  m $ CD  .

 8. not congruent; The circles are not 
congruent.

Teacher ActionsTeacher ActionsLaurie’s Notes
• Be sure students are comfortable with how congruent arcs and congruent radii are marked on a 

circle with a hash mark.
 “How would you define similar circles?” Students will pause on this question. Unlike polygons, 
there are no proportional sides and corresponding congruent angles.

• Work through the proof that all circles are similar. Discuss similar arcs.

ClosureClosure
• Exit Ticket: Phone a friend who was absent today and describe three key ideas from 

today’s lesson.
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• An arc of 45° on noncongruent circles will have the same arc measure but not the same length. 
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 “How would you define congruent circles?” Congruent circles have the same radius.
• Remind students that congruence could also be defined in terms of rigid motions. An alternate 
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