
10.1  CIRCLES   
 
CIRCLES: A set of points in a plane that are equidistant from the center of the circle. 

 
 
TANGENT CIRCLES:  Coplanar circles that intersect in one point. 
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Mathematical Mathematical 
PracticesPractices
Analyzing Relationships of Circles

Mathematically profi cient students make sense of problems and 
do not give up when faced with challenges.

Monitoring ProgressMonitoring Progress
Let ⊙A, ⊙B, and ⊙C consist of points that are 3 units from the centers.

 1. Draw ⊙C so that it passes through points A and B in the fi gure 
at the right. Explain your reasoning.

 2. Draw ⊙A, ⊙B, and ⊙C so that each is tangent to the other two. 
Draw a larger circle, ⊙D, that is tangent to each of the other 
three circles. Is the distance from point D to a point on 
⊙D less than, greater than, or equal to 6? Explain.

 Relationships of Circles and Tangent Circles

a. Each circle at the right consists of points that are 3 units from the 
center. What is the greatest distance from any point on ⊙A to any 
point on ⊙B?

b. Three circles, ⊙C, ⊙D, and ⊙E, consist of points that are 
3 units from their centers. The centers C, D, and E of the circles 
are collinear, ⊙C is tangent to ⊙D, and ⊙D is tangent to ⊙E. 
What is the distance from ⊙C to ⊙E?

SOLUTION
a. Because the points on each circle are 3 units from the center, 

the greatest distance from any point on ⊙A to any point on 
⊙B is 3 + 3 + 3 = 9 units. 

b. Because C, D, and E are collinear, ⊙C is tangent 
to ⊙D, and ⊙D is tangent to ⊙E, the circles 
are as shown. So, the distance from ⊙C to ⊙E 
is 3 + 3 = 6 units.

Circles and Tangent Circles

A circle is the set of all points in a plane that are 
equidistant from a given point called the center 
of the circle. A circle with center D is called 
“circle D” and can be written as ⊙D.

Coplanar circles that intersect in one point are 
called tangent circles.

Core Core ConceptConcept
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circle D, or ⊙D

⊙R and ⊙S are tangent circles.
⊙S and ⊙T are tangent circles.
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MONITORING PROGRESS 
ANSWERS

1. 

A B

C

C must be 3 units from A and B, so C 
must lie on an intersection of circles 
A and B.

2. 

A B

C

D

greater than; The radius of ⊙D is 
greater than the diameter of ⊙A. 

Mathematical PracticesMathematical Practices (continued from page T-527)Laurie’s Notes
• Example 1 applies the definitions of a circle and tangent circles in solving each problem. In 

solving the problems, it is helpful to be able to visualize the problem and draw a sketch.
• Work through each problem as shown.
• Give time for students to work through the Monitoring Progress questions. Students may find 

that a compass is a helpful tool. Discuss as a class.
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10.1 Lesson What You Will LearnWhat You Will Learn
 Identify special segments and lines.

 Draw and identify common tangents.

 Use properties of tangents.

Identifying Special Segments and Lines
A circle is the set of all points in a plane that are equidistant from 
a given point called the center of the circle. A circle with center P 
is called “circle P” and can be written as ⊙P.

 Identifying Special Segments and Lines

Tell whether the line, ray, or segment is best described as 
a radius, chord, diameter, secant, or tangent of ⊙C.

  a.  — AC   b. — AB  

c. """⃗ DE  d.  ⃖ ""⃗ AE  

SOLUTION

a. — AC   is a radius because C is the center and A is a point on the circle.

b.  — AB   is a diameter because it is a chord that contains the center C.

c. """⃗ DE  is a tangent ray because it is contained in a line that intersects the circle in 
exactly one point.

d. ⃖""⃗ AE   is a secant because it is a line that intersects the circle in two points.

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

 1. In Example 1, what word best describes  — AG  ?  — CB  ?

 2. In Example 1, name a tangent and a tangent segment.

STUDY TIP
In this book, assume that all 
segments, rays, or lines that 
appear to be tangent to 
a circle are tangents.

circle, p. 530
center, p. 530
radius, p. 530
chord, p. 530
diameter, p. 530
secant, p. 530
tangent, p. 530
point of tangency, p. 530
tangent circles, p. 531
concentric circles, p. 531
common tangent, p. 531

Core VocabularyCore Vocabullarry

Core Core ConceptConcept
Lines and Segments That Intersect Circles
A segment whose endpoints are the center and 
any point on a circle is a radius.

A chord is a segment whose endpoints are on 
a circle. A diameter is a chord that contains the 
center of the circle.

A secant is a line that intersects a circle in 
two points.

A tangent is a line in the plane of a circle that 
intersects the circle in exactly one point, the 
point of tangency. The tangent ray  """⃗ AB   and 
the tangent segment   — AB   are also called tangents.

READING
The words “radius” and 
“diameter” refer to lengths 
as well as segments. For a 
given circle, think of a radius 
and a diameter as segments 
and the radius and the 
diameter as lengths.

P

secant

point of
tangency

tangent AB

C
A

D
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EG

chord
radiuscenter

diameter

circle P, or ⊙P
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MONITORING PROGRESS 
ANSWERS

1. chord; radius
2. Sample answer:  ⃖ ""⃗ DE ,  — DB   or  — DE  

Differentiated Instruction

Kinesthetic
Draw a large circle on the floor or have 
students stand in a circle. Mark the 
center of the circle. Have students walk 
paths to represent diameters, radii, 
and chords of the circle. For example, 
to represent a radius, a student walks 
from the center to any spot on the 
circle.

Extra Example 1
Tell whether the line, ray, or segment 
is best described as a radius, chord, 
diameter, secant, or tangent of ⊙O.

O

P

NRM

Q

a.  — PR   diameter

b.  ⃖ ""⃗ MN  tangent

c.  ⃖ ""⃗ PQ   secant

d.  — QO   radius

Teacher ActionsTeacher ActionsLaurie’s Notes
• Turn and Talk: “What vocabulary of circles are you familiar with and what does it mean?” 

Circulate and listen. Solicit answers.
 “Are all chords diameters? Are all diameters chords?” All diameters are chords, but not all 
chords are diameters.

 MP2: “Why is it necessary to state that a tangent is in the same plane as a circle?” Answers 
will vary. Model what it would look like if that language were removed from the definition.
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 Section 10.1  Lines and Segments That Intersect Circles 531

 Drawing and Identifying Common Tangents

Tell how many common tangents the circles have and draw them. Use blue to indicate 
common external tangents and red to indicate common internal tangents.

a.  b.  c. 

SOLUTION

Draw the segment that joins the centers of the two circles. Then draw the common 
tangents. Use blue to indicate lines that do not intersect the segment joining the centers 
and red to indicate lines that intersect the segment joining the centers.

a. 4 common tangents b. 3 common tangents c. 2 common tangents

     

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

Tell how many common tangents the circles have and draw them. State whether 
the tangents are external tangents or internal tangents.

 3.  4.  5. 

Drawing and Identifying Common Tangents

Core Core ConceptConcept
Coplanar Circles and Common Tangents
In a plane, two circles can intersect in two points, one point, or no points. 
Coplanar circles that intersect in one point are called tangent circles. Coplanar 
circles that have a common center are called concentric circles.

2 points of
intersection

   

1 point of intersection
(tangent circles)

   

no points of
intersection

concentric
circles

A line or segment that is tangent to two coplanar circles is called a common 
tangent. A common internal tangent intersects the segment that joins the centers 
of the two circles. A common external tangent does not intersect the segment that 
joins the centers of the two circles.
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MONITORING PROGRESS 
ANSWERS

3. 2 internal, 2 external

4. 1 external

 5.  See Additional Answers.

Extra Example 2
Tell how many common tangents the 
circles have and draw them.

a. 

 0 common tangents

b. 

 1 common external tangent

c. 

  4 common tangents: 2 internal, 
2 external

Teacher ActionsTeacher ActionsLaurie’s Notes
 Whiteboarding: “What are the intersection possibilities for two circles—meaning what could 
they look like?” Use whiteboards for partners to consider the question. Follow their responses 
with the vocabulary in the Core Concept. Again, note the reference to coplanar circles.

• Thumbs Up: Have students use whiteboards to sketch their solutions for Example 2. Ask 
students to self-assess with Thumbs Up.

• Omit Monitoring Progress questions if you sense students are secure in their understanding of 
internal and external tangents.
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circles
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MONITORING PROGRESS 
ANSWERS
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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
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if and only if m ⊥ QP.

If SR and ST are tangent
segments, then SR ≅ ST.
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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.
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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
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 Section 10.1  Lines and Segments That Intersect Circles 533

 Using Properties of Tangents

 — RS   is tangent to ⊙C at S, and  — RT   is tangent to ⊙C at T. Find the value of x.

T

R

S

C
3x +  4

28

SOLUTION

 RS =  RT  External Tangent Congruence Theorem

 28 =  3x +  4  Substitute.

 8 =  x  Solve for x.

 The value of x is 8.

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

 6. Is  — DE   tangent to ⊙C?

E

D

C

3

2

4

 7.  — ST   is tangent to ⊙Q. 
Find the radius of ⊙Q.

T

Q

S 24

r
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18

 8. Points M and N are 
points of tangency. 
Find the value(s) of x.

  
M

P

N 9

x2

Step 1 Step 2 Step 3

AMC A

B

MC A

B

MC

Find a midpoint 
Draw  — AC  . Construct the bisector 
of the segment and label the 
midpoint M.

Draw a circle 
Construct ⊙M with radius MA. 
Label one of the points where 
⊙M intersects ⊙C as point B.

Construct a tangent line 
Draw  ⃖ ##⃗ AB  . It is a tangent 
to ⊙C that passes through A.

AC

Constructing a Tangent to a Circle

Given ⊙C and point A, construct a line tangent 
to ⊙C that passes through A. Use a compass 
and straightedge.

SOLUTION
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MONITORING PROGRESS 
ANSWERS

6. yes
7. 7
8. ± 3

English Language Learners

Organization
Have students complete a table similar 
to the one below to help them classify 
the lines, rays, and segments that 
intersect circles. Have them leave 
enough space to make a sketch to 
illustrate each term. Remind students 
that each figure may be named in 
several ways and that they should pay 
attention to whether the points used to 
name a figure are endpoints.

Term Can be a ... Intersects a 
circle …

Chord segment in 2 points

Diameter segment in 2 points

Radius segment in 1 point

Secant line in 2 points

Tangent line, ray, or 
segment in 1 point

Extra Example 5
— JH   is tangent to ⊙L at H, and  — JK   is tangent 
to ⊙L at K. Find the value of x.

K J

H

L

61

7x −  23

x =  12

Teacher ActionsTeacher ActionsLaurie’s Notes
• FYI: The construction of a tangent from an external point is presented here with many of the 

properties of a tangent. The proof of why this is a valid construction requires the Measure of 
an Inscribed Angle Theorem (Thm. 10.10) in a later section.  — CA   is a diameter and because the 
measure of inscribed ∠CBA is   1 — 2   the measure of the 180° intercepted arc,  ⃖ ##⃗ AB   ⊥   — CB  .

• Think-Pair-Share: Have students answer Questions 6–8, and then share and discuss as 
a class.

ClosureClosure
• Exit Ticket: Draw a figure like the one in Example 4. When CB =  8 centimeters and 

AB =  12 centimeters, what is AC? 4 √
—

 13   ≈ 14.4 centimeters
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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
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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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 Section 10.1  Lines and Segments That Intersect Circles 529

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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