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Maintaining Mathematical Proficiency

Multiplying Binomials
Example 1 Find the product (x + 3)(2x — 1).

First ~ Outer Inner Last
(x+3)2x — 1) =x(2x) + x(—1) + 32x) + 3)(—1) FOIL Method
=2x2+ (—x) + 6x + (—3) Multiply.
=22+ 5x—3 Simplify.

P The product is 2x2 + 5x — 3.

Find the product.

1. G+ D +4) 2. (a+ Da—5)
3. (g—9(3q — 4 4. 2v -Gy + 1)
5. (4h +3)2 + h) 6. (8 — 6b)(5 — 3b)

Solving Quadratic Equations by Completing the Square

Example 2 Solve x2 + 8x — 3 = 0 by completing the square.

X*+8—-3=0 Write original equation.
>+ 8x=3 Add 3 to each side.
X2+ 8x + 42 =3 + 42 Complete the square by adding (%)2 or 42, to each side.
(x +4)7?=19 Write the left side as a square of a binomial.
x +4==+V19 Take the square root of each side.

x = —4+\19 Subtract 4 from each side.

P> The solutions are x = —4 + V19 =036 andx = —4 — V19 =~ —8.36.

Solve the equation by completing the square. Round your
answer to the nearest hundredth, if necessary.

7. X2 —2x=5 8. P+ 10r= -7
9. w2—8w=9 0. p2+10p—4=0
M. 2—-4k—-7=0 12. 22+2z=1

13. ABSTRACT REASONING Write an expression that represents the product of two consecutive

positive odd integers. Explain your reasoning.




Mathematl Ca' Mathematically proficient students make sense of problems and
P ra c-l-i c e g do not give up when faced with challenges.

Analyzing Relationships of Circles

Core Concept
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.
circle D, or ©D

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

OR and OS are tangent circles.
©S and OT are tangent circles.

Relationships of Circles and Tangent Circles

. 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?

. Three circles, ©C, ©D, and OF, consist of points that are
3 units from their centers. The centers C, D, and E of the circles
are collinear, OC is tangent to ©D, and OD is tangent to OF.
What is the distance from OC to OE?

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
OBis3 + 3 + 3 = 9 units.

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

Monitoring Progress

Let ©A, ©B, and OC consist of points that are 3 units from the centers.

1. Draw OC so that it passes through points A and B in the figure
at the right. Explain your reasoning.

. Draw ©A, OB, and OC so that each is tangent to the other two.
Draw a larger circle, ©OD, that is tangent to each of the other
three circles. Is the distance from point D to a point on
OD less than, greater than, or equal to 6?7 Explain.
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Lines and Segments That

Intersect Circles

Egsgential Q“GS’HO” What are the definitions 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 five lines or segments that
intersect a circle. Use the relationships shown
to write a definition for each type of line or
segment. Then use the Internet or some other
resource to verify your definitions.

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.

REASONING
ABSTRACTLY

To be proficient in math, e ——
you need to know and
flexibly use different
properties of operations
and objects.

{> 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 defined in Exploration 1.

Communicate Your Answer

3. What are the definitions of the lines and segments that intersect a circle?

4. Of the five 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.

Section 10.1 Lines and Segments That Intersect Circles 573



Lesson

Core Vocabulary.

circle, p. 574

center, p. 574

radius, p. 574

chord, p. 574

diameter, p. 574

secant, p. 574

tangent, p. 574

point of tangency, p. 574
tangent circles, p. 575
concentric circles, p. 575
common tangent, p. 575

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.

STUDY TIP

In this book, assume that all
segments, rays, or lines that

appear to be tangent to

a circle are tangents.

574 Chapter 10
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What You Will Learn

P Identify special segments and lines.
p Draw and identify common tangents.
P 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 OP.

circle P, or OP

Core Concept

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.

secant
A tangent is a line in the plane of a circle that
intersects the circle in exactly one point, the point of
point of tangency. The rangent ray AB and tangency

the tangent segment AB are also called tangents. tangent B A

Identifying Special Segments and Lines
Tell whether the line, ray, or segment is best described as
a radius, chord, diameter, secant, or tangent of OC.
a. AC b. AB
C. Z_)_E d. Z—E

G

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

Help in English and Spanish at BigldeasMath.com

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




Drawing and Identifying Common Tangents

Core Concept

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.

no points of

2 points of 1 point of intersection intersection

intersection (tangent circles) Q
©/ 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.

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.

00 Ty @

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 ¢. 2 common tangents

B X w

Moniforing Progress . Help in English and Spanish at BigldeasMath.com

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

Do ® e
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Using Properties of Tangents

Theorems

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.

m

Line m is tangent to ©Q
Proof Ex. 47, p. 580 if and only if m L QP.

External Tangent Congruence Theorem

Tangent segments from a common external point R
are congruent. )
S
T

If SR and ST are tangent

Proof Ex. 46, p. 580 segments, then SR = ST

\
Verifying a Tangent to a Circle
Is ST tangent to OP? T
35 12
S| 37— P
SOLUTION

Use the Converse of the Pythagorean Theorem. Because 122 + 352 = 372, APTS is a

right triangle and ST L PT. So, ST is perpendicular to a radius of OP at its endpoint
on OP.

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

Finding the Radius of a Circle

In the diagram, point B is a point of tangency. Find
the radius r of OC. A_ 50 ft

80 ft
B
SOLUTION
You know from the Tangent Line to Circle Theorem thatAB L BC, so AABC is
a right triangle. You can use the Pythagorean Theorem.

AC? = BC* + AB? Pythagorean Theorem
(r + 50)2 = r2 + 802 Substitute.
r2 4+ 1007 + 2500 = r% + 6400 Multiply.
1007 = 3900 Subtract r2 and 2500 from each side.
r=39 Divide each side by 100.

P The radius is 39 feet.



Constructing a Tangent to a Circle

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

and straightedge. %

SOLUTION
Step 1 Step 2 Step 3

b
c M A M A M A
B B

Find a midpoint Draw a circle Construct a tangent line
Draw AC. Construct the bisector Construct ©M with radius MA. Draw AB. It is a tangent
of the segment and label the Label one of the points where to OC that passes through A.

midpoint M.

OM intersects OC as point B.

Using Properties of Tangents

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

S
28
R
3x +4
T
SOLUTION
RS =RT External Tangent Congruence Theorem
28 =3x +4 Substitute.
8=x Solve for x.
P The value of x is 8.
Moniforing Progregg . Help in English and Spanish at BigldeasMath.com

6. IsDE tangentto ©C? 7. ST is tangent to OQ. 8. Points M and N are

Find the radius of ©Q. points of tangency.
Find the value(s) of x.

D M
@E S T N 9
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EXxercises

—Vocabulary and Core Concept Check

diameter are referring to segments or lengths.

Explain your reasoning.

chord radius

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

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?

tangent diameter

Monitoring Progress and Modeling with Mathematics

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- @@ ) @

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

15. % 16.

578 Chapter 10
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Circles

In Exercises 19-22, tell whether AB is tangent to OC.
Explain your reasoning. (See Example 3.)

19. 20. B 15 A
oF

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

23. 24.
A 9
16 6
B
25. 26. B
30
B A
14 18
A

(o]



CONSTRUCTION In Exercises 27 and 28, construct ©OC
with the given radius and point A outside of OC. Then
construct a line tangent to OC that passes through A.

27. r=2in. 28. r=45cm

In Exercises 29-32, points B and D are points of
tangency. Find the value(s) of x. (See Example 5.)

29. I+ 7 B 30. B 3x+10 L

A
7x — 6
D D

31. B 32.

2x+ 5

N
x
N
+
B
|| D

A 22 D 3x2 + 2x — 7

33. ERROR ANALYSIS Describe and correct the error in
determining whether XY is tangent to OZ.

<

Because 112 + 602 = 612, AXYZis a
right triangle. So, XY is tangent to OZ

34. ERROR ANALYSIS Describe and correct the error in

finding the radius of OT.
39
T \/
S 36 4

392 — 362 =152
So, the radius is 15.

35. ABSTRACT REASONING For a point outside of a
circle, how many lines exist tangent to the circle that
pass through the point? How many such lines exist
for a point on the circle? inside the circle? Explain
your reasoning.

36. CRITICAL THINKING When will two lines tangent to
the same circle not intersect? Justify your answer.

Section 10.1

37. USING STRUCTURE Each side of quadrilateral
TVWX is tangent to OY. Find the perimeter of
the quadrilateral.

38. LOGIC I(n_)@C, radii CA and CB are perpendicular.
BD and AD are tangent to OC.

a. Sketch ©C,CA, CB, (B—D), and AD.

b. What type of quadrilateral is CADB? Explain
your reasoning.

39. MAKING AN ARGUMENT Two bike paths are tangent
to an approximately circular pond. Your class is
building a nature trail that begins at the intersection B
of the bike paths and runs between the bike paths and
over a bridge through the center P of the pond. Your
classmate uses the Converse of the Angle Bisector
Theorem to conclude that the trail must bisect the
angle formed by the bike paths. Is your classmate
correct? Explain your reasoning.

L

40. MODELING WITH MATHEMATICS A bicycle chain
is pulled tightly so that MN is a common tangent of
the gears. Find the distance between the centers of

the gears.
17.6in. N _A3in.
M
|
L

41. WRITING Explain why the diameter of a circle is the
longest chord of the circle.

Lines and Segments That Intersect Circles 579



42. HOW DO YOU SEE IT? In the figure, PA is tangent
to the dime, PC is tangent to the quarter, and PB is a

common internal tangent. How do you know that
PA =PB =PC?

43. PROOF In the diagram,lg is a common internal

AC RC
t t to ©A and OB. P that — = —.
angent to an rove thal BC SC
R
d oB
A C
S

44. THOUGHT PROVOKING A polygon is circumscribed
about a circle when every side of the polygon is
tangent to the circle. In the diagram, quadrilateral
ABCD is circumscribed about ©Q. Is it always true
that AB + CD = AD + BC? Justify your answer.

D YcX
z G B

45. MATHEMATICAL CONNECTIONS Find the values of x
and y. Justify your answer.

-1 R
Q4y1

2x — 5

TX+6 S

46. PROVING A THEOREM Prove the External Tangent
Congruence Theorem.

R

JAN

T S

Given SR and ST are tangent to OP.
Prove SR =ST

47. PROVING A THEOREM Use the diagram to prove each
part of the biconditional in the Tangent Line to Circle

Theorem.
QI
P

a. Prove indirectly that if a line is tangent to a circle,
then it is perpendicular to a radius. (Hint: If you
assume line m is not perpendicular to QP, then
the perpendicular segment from point Q to line m
must intersect line m at some other point R.)

m

Given Line m is tangent to ©Q at point P.
Prove m L Q_P
b. Prove indirectly that if a line is perpendicular to

aradius at its endpoint, then the line is tangent to
the circle.

Given m L Q_P
Prove Line m is tangent to ©Q.

48. REASONING In the diagram, AB = AC = 12, BC = §,
and all three segments are tangent to ©P. What is the
radius of OP? Justify your answer.

EA

independent events.

Determine whether the events are independent. (Section 5.2)

49. A pouch contains three blue marbles and two red marbles. You randomly select one marble
from the pouch, set it aside, then randomly select another marble from the pouch. Use a sample
space to determine whether selecting a blue marble first and selecting a red marble second are

50. One-half of a spinner is blue and the other half is red. Use a sample space to determine whether
randomly spinning blue and then red are independent events.

'_Maintaini"g Mathematical PrOfiCiencY Reviewing what you learned in previous grades and lessons
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USING TOOLS
STRATEGICALLY

To be proficient in

math, you need to use
technological tools to
explore and deepen your
understanding of concepts.

Inding Arc Measures

Eggenﬂa' Quegﬁon How are circular arcs measured?

A central angle of a circle is an angle whose vertex is the center of the circle.

A circular arc is a portion of a circle, as shown below. The measure of a circular

arc is the measure of its central angle.

If mZAOB < 180°, then the circular arc is called a minor arc and is denoted by AB.

Measuring Circular Arcs

Work with a partner. Use dynamic geometry software to find the measure
of BC. Verify your answers using trigonometry.

6

~

Communicate Your Answer

2. How are circular arcs measured?

Points
A(0, 0)
B(5, 0)
C(4, 3)

Points
A(0, 0)
B(4, 3)
C(3, 4)

b.

r

Points
A(0, 0)
B(5, 0)
C(3, 4)

Points
A(0, 0)
B(4, 3)
C(—4,3)

3. Use dynamic geometry software to draw a circular arc with the given measure.

b. 45°
d. 90°

a. 30°
c. 60°

Section 10.2

Finding Arc Measures
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Lesson

Core Vocabulary.

central angle, p. 582

minor arc, p. 582

major arc, p. 582

semicircle, p. 582

measure of a minor arc, p. 582
measure of a major arc, p. 582
adjacent arcs, p. 583
congruent circles, p. 584
congruent arcs, p. 584

similar arcs, p. 585

STUDY TIP

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

greater than 180°. {>

582 Chapter 10

Circles

What You Will Learn

P Find arc measures.
P Identify congruent arcs.
P 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, ZACB is a central angle of OC.

If mZACB is less than 180°, then the points on OC that lie in the interior of ZACB
form a minor arc with endpoints A and B. The points on OC 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.

A
minor arc AB
B

D
major arc ADB

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

Core Concept

Measuring Arcs

The measure of a minor arc is the measure of A

its central angle. The ex,l’)ressmn mAB is read as mAB = 50°
the measure of arc AB. 5

The measure of the entire circle is 360°. The

measure of a major arc is the difference of 360° D

and the measure of the related minor arc. The

measure of a semicircle is 180°. L

Finding Measures of Arcs

Find the measure of each arc of OP, where RT is a diameter.

a. RS
o R
b. RTS
¢. RST - ‘
S
SOLUTION

a. RS is a minor arc, so mRS = m/RPS = 110°.
b. RTS is a major arc, so mRTS = 360° — 110° = 250°.

c. RTisa diameter, so RST is a semicircle, and mRST = 180°.



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.

Postulate
Arc Addition Postulate
The measure of an arc formed by two adjacent arcs A
is the sum of the measures of the two arcs. Q S
C
—_ — =
mABC = mAB + mBC
\_

Using the Arc Addition Postulate

Find the measure of each arc.

a. GE b. GEF c. GF

SOLUTION

a. mGE = mGH + mHE = 40° + 80° = 120°

b. mGEF = mGE + mEF = 120° + 110° = 230°
¢. mGF = 360° — mGEF = 360° — 230° = 130°

Finding Measures of Arcs

A recent survey asked teenagers whether Whom Would You Rather Meet?

they would rather meet a famous musician, C
athlete, actor, inventor, or other person. The
circle graph shows the results. Find the
indicated arc measures.

Athlete:
83°

Musician:
108°

a. m/TC\' b. m@
c. mADC d. mEBD B
Inventor:
29°
SOLUTION
a. mAC = mAB + mBC b. mACD = mAC + mCD
=29° + 108° = 137° + 83°
= 137° = 220°
¢. mADC = 360° — mAC d. mEBD = 360° — mED
= 360° — 137° = 360° — 61°
= 223° = 2099°

Monﬂ'oring Progregg . Help in English and Spanish at BigldeasMath.com

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

1. TQ 2. ORT 3. TOR
4. 0S 5. TS 6. RST

Section 10.2 Finding Arc Measures
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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.

Theorem

Congruent Circles Theorem

Two circles are congruent circles if and only C
if they have the same radius.

D
Proof Ex. 35, p. 583 OA = OB if and only if AC = BD.

\_

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.

Theorem

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.

BC = DE if and
Proof Ex. 37, p. 588 only if ZBAC = Z/DAE.

Identifying Congruent Arcs

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

b. T c.
- © Yo
STUDY TIP SOLUTION

The two circles in part (c) a. CD = EF by the Congruent Central Angles Theorem because they are arcs of
the same circle and they have congruent central angles, ZCBD = /FBE.

are congruent by the

Congruenr': Clrﬁles TT}eorem b. RS and TU have the same measure, but are not congruent because they are arcs
because t ey have the of circles that are not congruent.
same radius.

{> . UV=YZ by the Congruent Central Angles Theorem because they are arcs of
congruent circles and they have congruent central angles, LZUTV = £YXZ.

584 Chapter 10 Circles



Monitori"g Progress . Help in English and Spanish at BigldeasMath.com

Tell whether the red arcs are congruent. Explain why or why not.
7. 8. N
. : o)

Proving Circles Are Similar

Theorem

Similar Circles Theorem

All circles are similar.

Proof p. 585; Ex. 33, p. 588

Similar Circles Theorem

All circles are similar.

Given OC with center C and radius r,
OD with center D and radius s

Prove OC ~ OD

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

» atenm
—
circle C'

OC' is the set of all points that are r units from point D. Dilate OC’ using center of

dilation D and scale factor .
r

1 »
circle C’

This dilation maps the set of all the points that are 7 units from point D to the set of all
points that are E(r) = s units from point D. OD is the set of all points that are s units
from point D. Sro, this dilation maps OC' to ©D.

Because a similarity transformation maps OC to ©D, ©C ~ OD.

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.

Section 10.2 Finding Arc Measures 585



EXxercises

—Vocabulary and Core Concept Check

then AB and DE are .

your reasoning.

1. VOCABULARY Copy and complete: If ZACB and ZDCE are congruent central angles of ©C,

2. WHICH ONE DOESN'T BELONG? Which circle does not belong with the other three? Explain

IGISICIS

Monitoring Progress and Modeling with Mathematics

In Exercises 3—6, name the red minor arc and find
its measure. Then name the blue major arc and find
its measure.

3. 4. E
68° F
D G

In Exercises 7-14, identify the given arc as a major arc,
minor arc, or semicircle. Then find the measure of the
arc. (See Example 1.)

o

7. BC 8. DC A

9. ED 10. AE
o E v

11. EAB %

12. ABC

13. BAC

14. EBD

586 Chapter 10 Circles

In Exercises 15 and 16, find the measure of each arc.
(See Example 2.)

15. a. JL
o ,a
M

c. JLM 68°
d. IM K
L
16. a. RS R
b. ORS &
c. OST Q .
d. OT V

17. MODELING WITH MATHEMATICS A recent survey
asked high school students their favorite type of
music. The results are shown in the circle graph.
Find each indicated arc measure. (See Example 3.)

Favorite Type of Music

R&B: 17°
Hip-Hop/Rap:

Folk:

Christian:
Rock
a. mAE b. mACE ¢. mGDC
d. mBHC e. mFD f. mFBD



18. ABSTRACT REASONING The circle graph shows the
percentages of students enrolled in fall sports at a
high school. Is it possible to find the measure of each
minor arc? If so, find the measure of the arc for each
category shown. If not, explain why it is not possible.

High School Fall Sports
% Football: 20%

Volleyball: 15%

In Exercises 19-22, tell whether the red arcs are
congruent. Explain why or why not. (See Example 4.)

19. A
O
180° Qﬂ
D%
D
21. v
‘V
22.
. s
180°
.
Q

MATHEMATICAL CONNECTIONS In Exercises 23 and 24,

find the value of x. Then find the measure of the red arc.

23. B 24, R o
4x° 6x
(2x — 30)° Q ‘ S
C 7xX°
25. MAKING AN ARGUMENT Your friend claims that
any two arcs with the same measure are similar.

Your cousin claims that any two arcs with the same
measure are congruent. Who is correct? Explain.

26. MAKING AN ARGUMENT Your friend claims that
there is not enough information given to find the value
of x. Is your friend correct? Explain your reasoning.

27. ERROR ANALYSIS Describe and correct the error in
naming the red arc.

g

28. ERROR ANALYSIS Describe and correct the error in
naming congruent arcs.

al JK =NP

29. ATTENDING TO PRECISION Two diameters of OP are
AB and CD. Find mACD and mAC when mAD = 20°.

30. REASONING In OR, mAB = 60°, mBC = 25°,
mCD = 70° and mDE = 20°. Find two possible
measures of AE.

31. MODELING WITH MATHEMATICS On a regulation
dartboard, the outermost circle is divided into twenty
congruent sections. What is the measure of each arc
in this circle?
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32.

33.

MODELING WITH MATHEMATICS You can use the
time zone wheel to find the time in different locations
across the world. For example, to find the time in
Tokyo when it is 4 p.M. in San Francisco, rotate

the small wheel until 4 p.m. and San Francisco

line up, as shown. Then look at Tokyo to see that

it is 9 A.M. there.

Midnight

a. What is the arc measure between each time zone
on the wheel?

b. What is the measure of the minor arc from the
Tokyo zone to the Anchorage zone?

c. If two locations differ by 180° on the wheel, then
it is 3 P.M. at one location when it is at the
other location.

PROVING A THEOREM Write a coordinate proof of
the Similar Circles Theorem.

Given OO with center O(0, 0) and radius r,
®A with center A(a, 0) and radius s

OO0 ~ ©A

37.

Prove

34.

35.

36.

38.

ABSTRACT REASONING Is there enough information
to tell whether ©C = OD? Explain your reasoning.

PROVING A THEOREM Use the diagram on page
584 to prove each part of the biconditional in the
Congruent Circles Theorem.

a. Given AC =BD
Prove ©A = OB

b. Given ©A = OB
Prove AC =BD

HOW DO YOU SEE IT? Are the circles on the target
similar or congruent? Explain your reasoning.

PROVING A THEOREM Use the diagram to prove each
part of the biconditional in the Congruent Central
Angles Theorem.

a. Given /BAC = /DAE
Prove BC = DE

b. Given BC = DE
Prove /BAC = £ZDAE

THOUGHT PROVOKING Write a formula for the
length of a circular arc. Justify your answer.

'_Maintaining Mathema'ﬁca, PrOfiCiency Reviewing what you learned in previous grades and lessons i

Find the value of x. Tell whether the side lengths form a Pythagorean triple.

39.

(Section 9.1)

17

40. 41. X 42.
8 13 13 14 B
7 11
X 10
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LOOKING FOR
STRUCTURE

To be proficient in math,
you need to look closely
to discern a pattern

or structure.

>

Jsing Chords

Egsenﬂa' Quegﬁon What are two ways to determine when a chord

18 a diameter of a circle?

Drawing Diameters

Work with a partner. Use dynamic geometry software to construct a circle of
radius 5 with center at the origin. Draw a diameter that has the given point as an
endpoint. Explain how you know that the chord you drew is a diameter.

a. (4,3) b. (0,5) c. (—3,4) d. (—5,0)

Writing a Conjecture about Chords

Work with a partner. Use dynamic s D
geometry software to construct a C

chord BC of a circle A. Construct a
chord on the perpendicular bisector
of BC. What do you notice? Change
the original chord and the circle
several times. Are your results
always the same? Use your results
to write a conjecture. B

A Chord Perpendicular to a Diameter

Work with a partner. Use dynamic geometry software to construct a diameter BC
of a circle A. Then construct a chord DE perpendicular to BC at point F. Find the
lengths DF and EF. What do you notice? Change the chord perpendicular to BC and
the circle several times. Do you always get the same results? Write a conjecture about
a chord that is perpendicular to a diameter of a circle.

( 0

Communicate Your Answer

4. What are two ways to determine when a chord is a diameter of a circle?
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Lesson

Core Vocabulary.

Previous
chord

arc
diameter

READING

If GD = 6?, then the point
G, and any line, segment,
or ray that contains G,
bisects FD.

D
EG bisects FD.

| >

590 Chapter 10 Circles

What You Will Learn

P Use chords of circles to find lengths and arc measures.

Using Chords of Circles

Recall that a chord is a segment with endpoints semicircle major arc
on a circle. Because its endpoints lie on the
circle, any chord divides the circle into two arcs.

A diameter divides a circle into two semicircles. diameter

Any other chord divides a circle into a minor arc N
and a major arc. semicircle minor arc
Theorems
Congruent Corresponding Chords Theorem
In the same circle, or in congruent circles, two B C
minor arcs are congruent if and only if their
corresponding chords are congruent.
A D
Proof Ex. 19, p. 594 AB = CD if and only if AB = CD.
Perpendicular Chord Bisector Theorem
If a diameter of a circle is perpendicular F
to a chord, then the diameter bisects the
chord and its arc. E G
D —
If EG is a diameter and EG L DF,
Proof Ex. 22, p. 594 then HD = HF and GD = GF.
Perpendicular Chord Bisector Converse
If one chord of a circle is a perpendicular r
bisector of another chord, then the first chord S ..A
is a diameter. ‘ o)
R
If QS is a perpendicular bisector of TR,
L Proof Ex. 23, p. 594 then QS is a diameter of the circle.
Using Congruent Chords to Find an Arc Measure
In the diagram, OP = ©Q, FG =JK, J
and mJK = 80°. Find mFG. 80°
G F K

SOLUTION

Because F G and JK are congruent chords in congruent circles, the corresponding
minor arcs FG and JK are congruent by the Congruent Corresponding Chords
Theorem.

} So, mFG = mJK = 80°.



HEET | H H -
e

Using a Diameter 5 (70 + x)°

a. Find HK. b. Find mHK. 1ix

H
SOLUTION

a. Diameter JL is perpendicular to HK. So, by the Perpendicular
Chord Bisector Theorem, JL bisects HK ,and HN = NK.

P So, HK = 2(NK) = 2(7) = 14.

b. Diameter JL is perpendicular to HK. So, by the Perpendicular Chord Bisector
Theorem,JT bisects HK , and mHJ = mJK.

mHJ = mIK Perpendicular Chord Bisector Theorem
11x° = (70 + x)° Substitute.
10x =70 Subtract x from each side.
x=17 Divide each side by 10.

P So,mHJ = mJK = (70 + x)° = (70 + 7)° = 77°, and
mHK = 2(mHJ) = 2(77°) = 154°.

Using Perpendicular Bisectors

Three bushes are arranged in a garden, as shown. Where should you place a sprinkler
so that it is the same distance from each bush?

SOLUTION
Step 1 Step 2 Step 3

B € B € B €

Ad A A
sprinkler

Label the bushes A, B, Draw the perpendicular Find the point where the
and C, as shown. Draw bisectors of AB and BC. perpendicular bisectors
segments AB and BC. By the Perpendicular Chord intersect. This is the center

Bisector Converse, these lie  of the circle, which is
on diameters of the circle equidistant from points A,
containing A, B, and C. B, and C.

Moniforing Progress . Help in English and Spanish at BigldeasMath.com

In Exercises 1 and 2, use the diagram of ©D. B
1. If mAB = 110°, find mBC. A‘
2. If mAC = 150°, find mAB.

In Exercises 3 and 4, find the C

indicated length or arc measure. 5 9xo
3. CE vi D
4. mCE

£ (80 — x)°
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Theorem

Equidistant Chords Theorem
In the same circle, or in congruent circles, two chords C
are congruent if and only if they are equidistant from A
the center. D
B
Proof Ex. 25, p. 594 AB = CD if and only if EF = EG.
\_

Using Congruent Chords to Find a Circle’s Radius
In the diagram, QR = ST = 16, CU = 2x, and CV = 5x — 9. Find the radius of ©C.

SOLUTION

Because CQ is a segment whose endpoints are the center and a point on the circle,
it is a radius of OC. Because CU L QR, AQUC is a right triangle. Apply properties
of chords to find the lengths of the legs of AQUC.

Step 1 Find CU.

Because Q_R and ST are congruent chords, Q_R and ST are equidistant from C
by the Equidistant Chords Theorem. So, CU = CV.

CU=CV Equidistant Chords Theorem
2x=5x—-9 Substitute.
x=13 Solve for x.

So, CU =2x = 2(3) = 6.
Step 2 Find QU.

Because diameter WX L OR, WX bisects OR by the Perpendicular Chord
Bisector Theorem.

So, QU = 3(16) = 8.

Step 3 Find CQ.

Because the lengths of the legs are CU = 6 and QU = 8, AQUC is a right
triangle with the Pythagorean triple 6, 8, 10. So, CQ = 10.

P So, the radius of ©C is 10 units.

Monﬂ'oring Progregg . Help in English and Spanish at BigldeasMath.com

5. In the diagram, JK = LM = 24, NP = 3x, and NQ = 7x — 12. Find the
radius of ON.
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EXxercises

Vocabulary and Core Concept Check

1. WRITING Describe what it means to bisect a chord.

2. WRITING Two chords of a circle are perpendicular and congruent. Does one of them have

to be a diameter? Explain your reasoning.

Monitoring Progress and Modeling with Mathematics

In Exercises 3-6, find the measure of the red arc or
chord in OC. (See Example 1.)

3. A E a. ;
34°
U
34°

B D vV
5. w 6- Lo
Q N
V4 120°
60° v
R S

In Exercises 7-10, find the value of x. (See Example 2.)

8. U
@

X g 40°

7. J

[

%

5x — 6

10. G
D F
N @
2x+9

(5x + 2)° F (7x — 12)°

®

11. ERROR ANALYSIS Describe and correct the error
in reasoning.

*

Because AC
bisects D_B,
BC = CD.

12. PROBLEM SOLVING In the cross section of the
submarine shown, the control panels are parallel
and the same length. Describe a method you can use
to find the center of the cross section. Justify your
method. (See Example 3.)

In Exercises 13 and 14, determine whetherAB is a
diameter of the circle. Explain your reasoning.

13. C 14. A 5
B
@ D C D
A B
In Exercises 15 and 16, find the radius of ©Q.
(See Example 4.)

15.

17. PROBLEM SOLVING An archaeologist finds part of a
circular plate. What was the
diameter of the plate to
the nearest tenth of an
inch? Justify your answer.

7 in.

Section 10.3 Using Chords 593



18. HOW DO YOU SEE IT? What can you conclude
from each diagram? Name a theorem that justifies

your answer.

a. A D b. A
B
¢ ¢ \
B 900 D
C. J d. P

19. PROVING A THEOREM Use the diagram to prove
each part of the biconditional in the Congruent

Corresponding Chords Theorem.

a. Given AB and CD are congruent chords.

Prove AB = CD

b. Given AB = CD
Prove AB =CD

20. MATHEMATICAL CONNECTIONS
In ©P, all the arcs shown have
integer measures. Show that x
must be even.

21. REASONING In OP, the lengths
of the parallel chords are 20, 16,
and 12. Find mAB . Explain
your reasoning.

Find m/T.

Find the missing interior angle measure.
27. Quadrilateral JKLM has angle measures m/J = 32°, m/K = 25°, and mZL = 44°. Find m£M.
28. Pentagon PORST has angle measures mZP = 85°, mZQ = 134°, m£ZR = 97°, and m£S = 102°.

A

PROVING A THEOREM Use congruent triangles to
prove the Perpendicular Chord Bisector Theorem.

Given @ is a diameter of OL. D E
EG L DF
Prove DC =FC,DG =FG G
F
PROVING A THEOREM Write a proof of the
Perpendicular Chord Bisector Converse.
— T
Given QS is a perpendicular '
bisector of RT. Ah
5 &
Prove QS is a diameter of
the circle L. R

(Hint: Plot the center L and draw ALPT and ALPR.)

THOUGHT PROVOKING A C
Consider two chords that '
intersect at point P. Do you

think that 22 = £P9 justify
BP DP

your answer.

PROVING A THEOREM Use the diagram with the
Equidistant Chords Theorem on page 592 to prove
both parts of the biconditional of this theorem.

MAKING AN ARGUMENT A car is designed so that
the rear wheel is only partially visible below the body
of the car. The bottom edge of the panel is parallel to
the ground. Your friend claims that the point where
the tire touches the ground bisects AB.1Is your friend
correct? Explain your reasoning.

Do
W

'_Mainfaining Mathemafical Pl’OﬁGienCY Reviewing what you learned in previous grades and lessons ‘

(Section 7.1)
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What Did You Learn!

Core Vocabulary

circle, p. 574 point of tangency, p. 574 semicircle, p. 582

center, p. 574 tangent circles, p. 575 measure of a minor arc, p. 582
radius, p. 574 concentric circles, p. 575 measure of a major arc, p. 582
chord, p. 574 common tangent, p. 575 adjacent arcs, p. 583

diameter, p. 574 central angle, p. 582 congruent circles, p. 584
secant, p. 574 minor arc, p. 582 congruent arcs, p. 584
tangent, p. 574 major arc, p. 582 similar arcs, p. 585

Core Concepts

Section 10.1

Lines and Segments That Intersect Circles, p. 574 Tangent Line to Circle Theorem, p. 576

Coplanar Circles and Common Tangents, p. 575 External Tangent Congruence Theorem, p. 576
Section 10.2

Measuring Arcs, p. 582 Congruent Central Angles Theorem, p. 584

Arc Addition Postulate, p. 583 Similar Circles Theorem, p. 585

Congruent Circles Theorem, p. 584

Section 10.3

Congruent Corresponding Chords Theorem, p. 590 Perpendicular Chord Bisector Converse, p. 590
Perpendicular Chord Bisector Theorem, p. 590 Equidistant Chords Theorem, p. 592

Mathematical Practices

1. Explain how separating quadrilateral 7VWX into several segments helped you solve
Exercise 37 on page 579.

2. In Exercise 30 on page 587, what two cases did you consider to reach your answers?
Are there any other cases? Explain your reasoning.

3. Explain how you used inductive reasoning to solve Exercise 24 on page 594.

Keeping Your Mind Focused

While Completing Homework

e Before doing homework, review the
Concept boxes and Examples. Talk
through the Examples out loud.

e Complete homework as though you were
also preparing for a quiz. Memorize the
different types of problems, formulas, rules,
and so on.
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Quiz

In Exercises 1-6, use the diagram. (Section 10.1)

1. Name the circle. 2. Name a radius.
3. Name a diameter. 4. Name a chord.
5. Name a secant. 6. Name a tangent.

Find the value of x. (Section 10.1)
7. 8. 6x — 3

9
15

3x + 18

Identify the given arc as a major arc, minor arc, or semicircle. Then find the measure
of the arc. (Section 10.2)

9. AE 10. BC

o o B
1. AC 12. ACD <
13. ACE 14. BEC EC

Tell whether the red arcs are congruent. Explain why or why net. (Section 10.2)

15. 16. P s
980 Q
K
M oY
98°
L R

17. Find the measure of the red arc in ©Q. (Section 10.3)

) 150° F
B b H é
SETAN . ‘ :

‘. 18. In the diagram, AC = FD = 30, PG = x + 5, and
F 'U D PJ = 3x — 1. Find the radius of OP. (Section 10.3)
E

19. A circular clock can be divided into 12 congruent sections. (Section 10.2)

a. Find the measure of each arc in this circle.

b. Find the measure of the minor arc formed by the hour and minute hands
when the time is 7:00.

¢. Find a time at which the hour and minute hands form an arc that is congruent
to the arc in part (b).
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ATTENDING TO
PRECISION
To be proficient in math,

you need to communicate
precisely with others.

>

Egsenﬂa' Quegﬁon How are inscribed angles related to their

intercepted arcs? How are the angles of an inscribed quadrilateral related to

each other?
inscribed angle

An inscribed angle is an angle whose
vertex is on a circle and whose sides
contain chords of the circle. An arc that
lies between two lines, rays, or segments
is called an intercepted arc. Recall that a
polygon is an inscribed polygon when all
its vertices lie on a circle.

central angle
intercepted arc B

Inscribed Angles and Central Angles

Work with a partner. Use dynamic geometry software.

a. Construct an inscribed angle Sample
in a circle. Then construct the s D
corresponding central angle. c

b. Measure both angles. How is
the inscribed angle related to
its intercepted arc?

c. Repeat parts (a) and (b) several
times. Record your results in a
table. Write a conjecture about
how an inscribed angle is related B
to its intercepted arc.

. J

A Quadrilateral with Inscribed Angles

Work with a partner. Use dynamic geometry software.

a. Construct a quadrilateral with Sample
each vertex on a circle. s 3

b. Measure all four angles. What
relationships do you notice? B

c. Repeat parts (a) and (b) several
times. Record your results in a
table. Then write a conjecture A
that summarizes the data.

Communicate Your Answer

3. How are inscribed angles related to their intercepted arcs? How are the angles of
an inscribed quadrilateral related to each other?

4. Quadrilateral EFGH is inscribed in OC, and m£ZE = 80°. What is m£G? Explain.

Section 10.4 Inscribed Angles and Polygons 597




Lesson

Core Vocabulary.

inscribed angle, p. 598
intercepted arc, p. 598
subtend, p. 598

Previous
inscribed polygon
circumscribed circle

598 Chapter 10

Circles

What You Will Learn

P Use inscribed angles.
P Use inscribed polygons.

Using Inscribed Angles

Core Concept

Inscribed Angle and Intercepted Arc A

An inscribed angle is an angle whose inscribed _

vertex is on a circle and whose sides contain  angle B intercepted
chords of the circle. An arc that lies between arc

two lines, rays, or segments is called an C

intercepted arc. If the endpoints of a chord
or arc lie on the sides of an inscribed angle,
then the chord or arc is said to subtend

Z B intercepts AC.
AC subtends ZB.

the angle. AC subtends ZB.
Theorem
Measure of an Inscribed Angle Theorem
The measure of an inscribed angle is one-half A
the measure of its intercepted arc.
D
B

mZADB = imAB
Proof Ex. 35, p. 604

The proof of the Measure of an Inscribed Angle Theorem involves three cases.

Casel Center Cisona  Case2 Center Cis Case3 Center Cis
side of the inscribed angle. inside the inscribed angle.  outside the inscribed angle.

Using Inscribed Angles

Find the indicated measure. Q
a. msZT \ R

b. maﬁ 48"

SOLUTION
a. mT = JmRS = 1(48°) = 24°
b. mTQ = 2mZR =2 « 50° = 100°

Because @ is a semicircle, m@ = 180° — m@ = 180° — 100° = 80°.



Finding the Measure of an Intercepted Arc

Find mRS and mZSTR. What do you notice

.

about ZSTR and ZRUS? S ’
R. U

SOLUTION -

From the Measure of an Inscribed Angle Theorem, you know that
mRS = 2mZRUS = 2(31°) = 62°.

Also, m£STR = mRS = 3(62°) = 31°.
P So, ZSTR =/RUS.

Example 2 suggests the Inscribed Angles of a Circle Theorem.

Theorem
Inscribed Angles of a Circle Theorem
If two inscribed angles of a circle intercept A
the same arc, then the angles are congruent. D
¢ B
Proof Ex. 36, p. 604 ZADB = L/ ACB
\_
Finding the Measure of an Angle
Given mZE = 75°, find mZF. G
E é‘
N
F H
SOLUTION

Both ZE and ZF intercept GH.So, ZE= /F by the Inscribed Angles of a
Circle Theorem.

P So,msF=msE =175.

Monitoring Progress  _  teip in English and Spanish at BigideasMath.com

Find the measure of the red arc or angle.

RN, '
90° 7

G F v
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Using Inscribed Polygons

Recall that a polygon is an inscribed polygon
when all its vertices lie on a circle. The circle that
contains the vertices is a circumscribed circle.

circumscribed
circle

Theorems

Inscribed Right Triangle Theorem

A
If a right triangle is inscribed in a circle, then the /
hypotenuse is a diameter of the circle. Conversely,
if one side of an inscribed triangle is a diameter s \
of the circle, then the triangle is a right triangle
and the angle opposite the diameter is the
right angle.

C

mZABC = 90° if and only if
AC is a diameter of the circle.

Proof Ex. 37, p. 604

Inscribed Quadrilateral Theorem F

A quadrilateral can be inscribed in a circle 2

if and only if its opposite angles are supplementary. G
D

D, E, F, and G lie on OC if and only if
msZD + mZF=mZE + mZG = 180°.

Proof Ex. 38, p. 604; BigldeasMath.com

Using Inscribed Polygons

Find the value of each variable.

a. B b.

A
C

SOLUTION

a. AB is a diameter. So, ZC is aright angle, and mZC = 90° by the Inscribed Right
Triangle Theorem.

2x° = 90°
x =45
P The value of x is 45.

b. DEFG is inscribed in a circle, so opposite angles are supplementary by the
Inscribed Quadrilateral Theorem.

msZD + m/F = 180° mZE + mZG = 180°
z+ 80 =180 120 + y = 180
z =100 y =060

P> The value of z is 100 and the value of y is 60.
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Using a Circumscribed Circle

Your camera has a 90° field of vision, and you want to photograph the front of a
statue. You stand at a location in which the front of the statue is all that appears

in your camera’s field of vision, as shown. You want to change your location. Where
else can you stand so that the front of the statue is all that appears in your camera’s
field of vision?

“«

SOLUTION

From the Inscribed Right Triangle Theorem, you know that if a right triangle is
inscribed in a circle, then the hypotenuse of the triangle is a diameter of the circle.
So, draw the circle that has the front of the statue as a diameter.

RPN

)

P The statue fits perfectly within your camera’s 90° field of vision from any point
on the semicircle in front of the statue.

Monifori"g Progress . Help in English and Spanish at BigldeasMath.com

Find the value of each variable.

M

8. In Example 5, explain how to find locations where the left side of the statue
is all that appears in your camera’s field of vision.
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EXxercises

—Vocabulary and Core Concept Check

1. VOCABULARY An arc that lies between two lines, rays, or segments is called a(n)

2. DIFFERENT WORDS, SAME QUESTION Which is different?

B
Find “both” answers.
Find mZABC. Find mZAGC. /A\

’ \‘4/ )
Find m/AEC. Find m/ADC. E &> D
Monitoring Progress and Modeling with Mathematics
In Exercises 3-8, find the indicated measure. In Exercises 11 and 12, find the measure of the red arc
(See Examples 1 and 2.) or angle. (See Example 3.)
3. mZA 4. msG 1. E 12 p ——0
F
F
L > o
. A Kk
84° G
C
D 120°
. In Exercises 13-16, find the value of each variable.
5. mZN 6. mRS (See Example 4.)
L
M
N
160°
7. mVU

130°
In Exercises 9 and 10, name two pairs of congruent 17. ERROR ANALYSIS Describe and correct the error in
angles. finding mBC.

B 10. w
B
¢ V4 ’
A X A mB—C\' = 550
D Y \
C
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18.

MATHEMATICAL CONNECTIONS In Exercises 19-21, find

MODELING WITH MATHEMATICS A carpenter’s
square is an L-shaped tool used to draw right angles.
You need to cut a circular piece of wood into two
semicircles. How can you use the carpenter’s square
to draw a diameter on the circular piece of wood?
(See Example 5.)

the values of x and y. Then find the measures of the
interior angles of the polygon.

19.

20.

21.

22.

MAKING AN ARGUMENT Your friend claims that
ZPTQ = ZPSQ = ZPRQ. Is your friend correct?
Explain your reasoning.

T P

REASONING In Exercises 23-28, determine whether a
quadrilateral of the given type can always be inscribed
inside a circle. Explain your reasoning.

23. square 24. rectangle
25. parallelogram 26. kite
27. rhombus 28. isosceles trapezoid

29. MODELING WITH MATHEMATICS Three moons,
A, B, and C, are in the same circular orbit
100,000 kilometers above the surface of a planet.
The planet is 20,000 kilometers in diameter and
mZABC = 90°. Draw a diagram of the situation.
How far is moon A from moon C?

30. MODELING WITH MATHEMATICS At the movie
theater, you want to choose a seat that has the best
viewing angle, so that you can be close to the screen
and still see the whole screen without moving your
eyes. You previously decided that seat F7 has the best
viewing angle, but this time someone else is already
sitting there. Where else can you sit so that your seat
has the same viewing angle as seat F7? Explain.

movie screen

Row A
Row B
Row C
Row D
Row E
Row F

Row G I e e e e

31. WRITING A right triangle is inscribed in a circle, and
the radius of the circle is given. Explain how to find
the length of the hypotenuse.

32. HOW DO YOU SEE IT? Let point Y represent your
location on the soccer field below. What type of
angle is ZAYB if you stand anywhere on the circle
except at point A or point B?
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33.

34.

35.

36.

Solve the equation. Check your solution.

WRITING Explain why the diagonals of a rectangle
inscribed in a circle are diameters of the circle.

THOUGHT PROVOKING The figure shows a circle
that is circumscribed about AABC. Is it possible
to circumscribe a circle about any triangle? Justify
your answer.

C

PROVING A THEOREM If an angle is inscribed in ©Q,
the center Q can be on a side of the inscribed angle,
inside the inscribed angle, or outside the inscribed
angle. Prove each case of the Measure of an Inscribed
Angle Theorem.

a. Casel
A
Given ZABC is inscribed
in ©Q. ‘\
LetmsB =x°. c B
Center Q lies on BC. v

Prove m/ZABC = %mArC\‘

(Hint: Show that AAQB is isosceles. Then write
mAC in terms of x.)

b. Case 2 Use the diagram and

auxiliary line to write Given D B
and Prove statements for v/
C

Case 2. Then write a proof.

c. Case 3 Use the diagram and A

auxiliary line to write Given ¢ &
and Prove statements for D =N B
Case 3. Then write a proof. v

PROVING A THEOREM Write a paragraph proof
of the Inscribed Angles of a Circle Theorem.
First, draw a diagram and write Given and Prove
statements.

37.

38.

39.

40.

PROVING A THEOREM The Inscribed Right Triangle
Theorem is written as a conditional statement and its
converse. Write a plan for proof for each statement.

PROVING A THEOREM Copy and complete the
paragraph proof for one part of the Inscribed
Quadrilateral Theorem.

Given OC with inscribed E F
quadrilateral DEFG

Prove m/D + m/F = 180°, G
msLE + mZG = 180° D

By the Arc Addition Postulate,

mEFG + __ = 360°and mFGD + mDEF = 360°.
Using the Theorem, mEDG = 2m/F R
mEFG = 2m£D, mDEF = 2mZG, and

mFGD = 2m/E. By the Substitution Property

of Equality, 2m/D + ___ = 360° so __.

Similarly, ___

CRITICAL THINKING In the diagram, ZC is a right
angle. If you draw the smallest possible circle through
C tangent to AB, the circle will intersectAC at J and
BC at K. Find the exact length of JK.

C

A 5 B

CRITICAL THINKING You are
making a circular cutting board.
To begin, you glue eight 1-inch
boards together, as shown.
Then you draw and cut a circle
with an 8-inch diameter from
the boards.

a. FH is a diameter of the circular cutting board.
Write a proportion relating GJ and JH. State a
theorem to justify your answer.

b. Find FJ, JH, and GJ. What is the length of the
cutting board seam labeled GK?

'_Mainfaining Mafhemafical PrOficiency Reviewing what you learned in previous grades and lessons

(Skills Review Handbook)

41, 3x =145 42. 1x=63
43. 240 = 2x 44. 75 = 1(x — 30)
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CONSTRUCTING
VIABLE ARGUMENTS

To be proficient in math,

you need to understand

and use stated assumptions,
definitions, and previously
established results. {>

148°

Angle Relationships in

Ircies

Egsenﬂa' Quegﬁon When a chord intersects a tangent line or

another chord, what relationships exist among the angles and arcs formed?

Angles Formed by a Chord and Tangent Line

Work with a partner. Use dynamic geometry software.

a.

. Find the measures of the two angles

. Repeat parts (a)—(c) several times.

Construct a chord in a circle. At
one of the endpoints of the chord,
construct a tangent line to the circle.

Sample

( 1)
C/_\B
Q)\

D

. J

formed by the chord and the
tangent line.

Find the measures of the two
circular arcs determined by
the chord.

Record your results in a table.
Then write a conjecture that
summarizes the data.

Angles Formed by Intersecting Chords

Work with a partner. Use dynamic geometry software.

a.

. Find the measure of one

. Repeat parts (a)—(c) several times.

Construct two chords that Sample
intersect inside a circle. s 2

of the angles formed by the
intersecting chords.

Find the measures of the arcs
intercepted by the angle in part (b) ¢
and its vertical angle. What do
you observe?

Record your results in a table.
Then write a conjecture that - -
summarizes the data.

Communicate Your Answer

3. When a chord intersects a tangent line or another chord, what relationships exist

among the angles and arcs formed?
Line m is tangent to the circle in the figure at the left. Find the measure of £1.

Two chords intersect inside a circle to form a pair of vertical angles with measures
of 55°. Find the sum of the measures of the arcs intercepted by the two angles.
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Lesson

Core Vocabulary
circumscribed angle, p. 608

Previous
tangent
chord
secant

606 Chapter 10 Circles

What You Will Learn

P Find angle and arc measures.
P Use circumscribed angles.

Finding Angle and Arc Measures

Theorem

Tangent and Intersected Chord Theorem

If a tangent and a chord intersect at a point on a circle, B
then the measure of each angle formed is one-half the C
measure of its intercepted arc.

A

1~ 1 =
Proof Ex.33,p. 612 m/s1 = EmAB m/2 = EmBCA

Finding Angle and Arc Measures

Line m is tangent to the circle. Find the measure of the red angle or arc.

a. A b. K
\ m
130° .
J
B m
SOLUTION
a. mZ1 = 5(130°) = 65° b. mKJL = 2(125°) = 250°

Monitori"g Progregg . Help in English and Spanish at BigldeasMath.com

Line m is tangent to the circle. Find the indicated measure.

1. m£1 2. mRST 3. mXY
m m S m
Core Concept

Intersecting Lines and Circles
If two nonparallel lines intersect a circle, there are three places where the lines
can intersect.

S =l L

on the circle inside the circle outside the circle




Theorems

Angles Inside the Circle Theorem D
If two chords intersect inside a circle, then the measure of A
each angle is one-half the sum of the measures of the arcs C
intercepted by the angle and its vertical angle. B

ms1 = %(mEE—ir mZE),
Proof Ex. 35,p.612 ms2 = %(mZ\B + mBC)

Angles Outside the Circle Theorem

If a tangent and a secant, two tangents, or two secants intersect outside a circle,
then the measure of the angle formed is one-half the difference of the measures of
the intercepted arcs.

B P X
A Q w
CZ R Ziv’

ms1 = %(mEE— mZE) ms2 = %(mﬁQ?— m/PE) m/3 = %(mj(?— m/VI72)

. Proof Ex.37,p. 612

Finding an Angle Measure

Find the value of x.

a. 130° u b. ¢ D
v . 5
P \ 178°
K A
156°
SOLUTION
a. The chords JL and KM intersect b. The tangent CD and the secant CB
inside the circle. Use the Angles intersect outside the circle. Use the
Inside the Circle Theorem. Angles Outside the Circle Theorem.
X° = XmIM + mLK) mZBCD = X(mAD — mBD)
x° = 2(130° + 156°) x° = 2(178° = 76°)
x =143 x =151
} So, the value of x is 143. P So, the value of x is 51.

Monifori"g Progress . Help in English and Spanish at BigldeasMath.com

Find the value of the variable.
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Circles

Using Circumscribed Angles

Core Concept

Circumscribed Angle A
A circumscribed angle is an angle

. . B
whose sides are tangent to a circle.

circumscribed ¢
angle

Theorem

Circumscribed Angle Theorem

The measure of a circumscribed angle is equal to 180° A
minus the measure of the central angle that intercepts D
the same arc.

B

Proof Ex. 38, p. 612 mZADB = 180° — m/ACB

Finding Angle Measures

Find the value of x.

a. D b. E
A —/
H
B F

SOLUTION
a. Use the Circumscribed Angle Theorem to find mZADB.

mZADB = 180° — mZACB Circumscribed Angle Theorem
x°=180° — 135° Substitute.
x =45 Subtract.

} So, the value of x is 45.

b. Use the Measure of an Inscribed Angle Theorem and the Circumscribed Angle
Theorem to find mZEJF.

mZEJF = %mﬁ Measure of an Inscribed Angle Theorem
mZEJF = %mAEGF Definition of minor arc
mZEJF = %(180° — mZEHF) Circumscribed Angle Theorem
mZEJF = 3(180° — 30°) Substitute.

x = 3(180 — 30) Substitute.

x=175 Simplify.

} So, the value of x is 75.



Modeling with Mathematics

The northern lights are bright flashes of colored C

light between 50 and 200 miles above Earth. A

flash occurs 150 miles above Earth at point C. B D

What is the measure of BD , the portion of Earth \

from which the flash is visible? (Earth’s radius 4150 mi 4000 mi
is approximately 4000 miles.) A

SOLUTION

1. Understand the Problem You are given the approximate radius of Earth and the
distance above Earth that the flash occurs. You need to find the measure of the arc
that represents the portion of Earth from which the flash is visible.

Not drawn to scale

2. Make a Plan Use properties of tangents, triangle congruence, and angles outside
a circle to find the arc measure.

3. Solve the Problem Because CB and CD are tﬁgents,_C_B 1L AB andCD 1L AD
by the Tangent Line to Circle Theorem. Also, BC = DC by the External Tangent
Congruence Theorem, and CA = CA by the Reflexive Property of Congruence.
So, AABC = AADC by the Hypotenuse-Leg Congruence Theorem. Because
COMMON ERROR corresponding parts of congruent triangles are congruent, ZBCA = ZDCA. Solve

right ACBA to find that m£BCA = 74.5°. So, m£BCD =~ 2(74.5°) = 149°.
Because the value

for mZBCD is an mZBCD = 180° — m£BAD Circumscribed Angle Theorem
approxima}tion, use the mZBCD = 180° — mBD Definition of minor arc
symbol = instead of =. s
{> 149° =~ 180° — mBD Substitute.
31° =~ mBD Solve for mBD.

P The measure of the arc from which the flash is visible is about 31°.

4. Look Back You can use inverse trigonometric ratios to find m£BAC and mZDAC.

mZBAC = cos—l(M) ~ 15.5°
4150
m£DAC = cos“(%) ~ 15.5°

So, mZBAD =~ 15.5° + 15.5° = 31°, and therefore mBD =~ 31°,

Monitoring Progresg . Help in English and Spanish at BigldeasMath.com
Find the value of x.

6. 7.

4002.73 mi

\4000 mi

A S

8. You are on top of Mount Rainier on a clear day. You are about 2.73 miles above sea
level at point B. Find mCD , which represents the part of Earth that you can see.

Not drawn to scale
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EXxercises

—Vocabulary and Core Concept Check

1. COMPLETE THE SENTENCE Points A, B, C, and D are on a circle, and 1(4_3) intersects (C_D) at point P.
If mZAPC = J(mBD — mAC), then point P is the circle.

2. WRITING Explain how to find the measure of a circumscribed angle.

Monitoring Progress and Modeling with Mathematics

In Exercises 3—6, line ¢ is tangent to the circle. Find the 13. M 14. 175
indicated measure. (See Example 1.) X° N
3. mAB 4. mDEF LKL F
P

B t H
£ G 75
65 g
l ERROR ANALYSIS In Exercises 15 and 16, describe and
A t F

correct the error in finding the angle measure.

5. m/1 6. m/3 15. X Q37°R
t 140"yt ‘Q m/SUT= mST = 46°
260° OT So, m£SUT = 46°.
< 46

16
X 122°
In Exercises 7-14, find the value of x. ‘a mZAiSile S

(See Examples 2 and 3.) =52°
7 c 8 K So,m/1 = 52°.
B I
s} 1 450 — °
8> ’ 30{, (2x = 30) In Exercises 17-22, find the indicated angle measure.
A M Justify your answer.
D x L

1205 3 120°

10.
s
27
;
12.
y 17. msl 18. m2
- 19. m/3 20. ms4
X Tz 21, ms5 22. ms6
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23.

24.

25.

26.

PROBLEM SOLVING You are flying in a hot air
balloon about 1.2 miles above the ground. Find the
measure of the arc that represents the part of Earth
you can see. The radius of Earth is about 4000 miles.
(See Example 4.)

Z X

\4000 mi

4001.2 mi

Not drawn to scale

PROBLEM SOLVING You are watching fireworks
over San Diego Bay S as you sail away in a boat.
The highest point the fireworks reach F is about

0.2 mile above the bay. Your eyes E are about

0.01 mile above the water. At point B you can no
longer see the fireworks because of the curvature of
Earth. The radius of Earth is about 4000 miles,

and FE is tangent to Earth at point 7. Find mSB.
Round your answer to the nearest tenth.

Not drawn to scale

MATHEMATICAL CONNECTIONS In the diagram, Eﬁf
is tangent to OFE. Write an algebraic expression for
mCD in terms of x. Then find mCD .

MATHEMATICAL CONNECTIONS The circles in the
diagram are concentric. Write an algebraic expression
for ¢ in terms of a and b.

27.

28.

29.

30.

31.

32.

Section 10.5

ABSTRACT REASONING In the diagram, PLis tangent
to the circle, and KJ is a diameter. What is the range
of possible angle measures of ZLPJ? Explain your

reasoning.
p L
@
J

ABSTRACT REASONING In the diagram, AB is any
chord that is not a diameter of the circle. Line m is
tangent to the circle at point A. What is the range of
possible values of x? Explain your reasoning. (The
diagram is not drawn to scale.)

<)

PROOF In the diagram, (J—L) and ﬁ are secant lines
that intersect at point L. Prove that mZJPN > mZJLN.

MAKING AN ARGUMENT Your friend claims that it is
possible for a circumscribed angle to have the same
measure as its intercepted arc. Is your friend correct?
Explain your reasoning.

REASONING Points A and B are on a circle, and ¢ is a
tangent line containing A and another point C.

a. Draw two diagrams that illustrate this situation.

b. Write an equation for mAB in terms of mZBAC
for each diagram.

¢. For what measure of ZBAC can you use either
equation to find mAB ? Explain.

REASONING AXYZ is an equilateral triangle
inscribed in ©P. AB is tangent to OP at point X,

BC is tangent to OP at point Y, and AC is tangent to
OP at point Z. Draw a diagram that illustrates this
situation. Then classify AABC by its angles and sides.
Justify your answer.
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33.

34.

35.

PROVING A THEOREM To prove the Tangent
and Intersected Chord Theorem, you must prove
three cases.

a. The diagram shows the case where AB contains
the center of the circle. Use the Tangent Line to
Circle Theorem to write a paragraph proof for
this case.

b. Draw a diagram and write a proof for the case
where the center of the circle is in the interior
of ZCAB.

¢. Draw a diagram and write a proof for the case
where the center of the circle is in the exterior
of ZCAB.

HOW DO YOU SEE IT? In the diagram, television
cameras are positioned at A and B to record what
happens on stage. The stage is an arc of ©A. You
would like the camera at B to have a 30° view of the
stage. Should you move the camera closer or farther
away? Explain your reasoning.

PROVING A THEOREM Write a proof of the Angles
Inside the Circle Theorem.

Given ChordsAC and BD D
intersect inside a circle. A
Prove m/1 = %(mﬁ? + m;\E) c
B

36. THOUGHT PROVOKING In the figure, BP and CP are
tangent to the circle. Point A is any point on the major
arc formed by the endpoints of the chord BC. Label all
congruent angles in the figure. Justify your reasoning.

C

37. PROVING A THEOREM Use the diagram below to
prove the Angles Outside the Circle Theorem for
the case of a tangent and a secant. Then copy the
diagrams for the other two cases on page 607 and
draw appropriate auxiliary segments. Use your
diagrams to prove each case.

38. PROVING A THEOREM Prove that the Circumscribed
Angle Theorem follows from the Angles Outside the
Circle Theorem.

In Exercises 39 and 40, find the indicated measure(s).
Justify your answer.

39. Find mZP when mWZY = 200°.

85°

Mainfaining Mafhemafical PrOficiency Reviewing what you learned in previous grades and lessons

Solve the equation using the Quadratic Formula.

1. 2+x=12 42, x*=12x+ 35

(Section 4.5)

43. —3 =212+ 4x

612
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REASONING
ABSTRACTLY

To be proficient in math,
you need to make sense
of quantities and their
relationships in problem
situations.

>

degment Relationships In

Egsenﬂa' Quegﬁon What relationships exist among the

segments formed by two intersecting chords or among segments of two
secants that intersect outside a circle?

Segments Formed by Two Intersecting Chords

Work with a partner. Use dynamic geometry software.

a. Construct two chords BC and DE Sample
that intersect in the interior of a ( D
circle at a point F.

b. Find the segment lengths BF, CF,
DF, and EF and complete the table.
What do you observe?

BF CF | BF - CF

DF EF | DF « EF

c. Repeat parts (a) and (b) several times. Write a conjecture about your results.

Secants Intersecting Outside a Circle

Work with a partner. Use dynamic geometry software.

a. Construct two secants BC and BD Sample
that intersect at a point B outside ( h
a circle, as shown.

b. Find the segment lengths BE, BC,
BF, and BD, and complete the table.
What do you observe?

BE BC | BE - BC

BF BD | BF - BD

. J

c. Repeat parts (a) and (b) several times. Write a conjecture about your results.

Communicate Your Answer

3. What relationships exist among the segments formed by two intersecting chords
or among segments of two secants that intersect outside a circle?

4. Find the segment length AF in the figure at the left.
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[ esson What You Will Learn

P Use segments of chords, tangents, and secants.

Core Vocabulary Using Segments of Chords, Tangents, and Secants
segments of a chord, p. 614 When two chords intersect in the interior of a circle, each chord is divided into two
tangent segment, p. 675 segments that are called segments of the chord.

secant segment, p. 675
external segment, p. 615

Theorem

Segments of Chords Theorem

If two chords intersect in the interior of a circle, then C
the product of the lengths of the segments of one chord

is equal to the product of the lengths of the segments of A
the other chord. D g
. Proof Ex. 19, p. 618 EA-EB=EC-ED
Using Segments of Chords
Find ML and JK. M
()
T
L
SOLUTION
NK « NJ = NL « NM Segments of Chords Theorem
xe(x+dH=x+1Dex+2) Substitute.
X+ax=x>+3x+2 Simplify.
4x=3x+2 Subtract x2 from each side.
x=2 Subtract 3x from each side.
Find ML and JK by substitution.
ML=x+2)+(x+1) JK=x+(x+4)
=2+2+2+1 =2+2+4
=17 =8

P So, ML =7andJK = 8.

Monifori"g Progregg . Help in English and Spanish at BigldeasMath.com

Find the value of x.

G 9

S
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Core Concept

Tangent Segment and Secant Segment R

A tangent segment is a segment that external segment Q
is tangent to a circle at an endpoint. secant segment
A secant segment is a segment that
contains a chord of a circle and has
exactly one endpoint outside the
circle. The part of a secant segment PS is a tangent segment.

that is outside the circle is called an PR is a secant segment.

external segment. PQ is the external segment of PR.

tangent segment "¢

Theorem

Segments of Secants Theorem

If two secant segments share the same endpoint B
outside a circle, then the product of the lengths of A

one secant segment and its external segment equals
the product of the lengths of the other secant segment

and its external segment. C
D

Proof Ex. 20, p. 618 EA-EB=EC-ED

Using Segments of Secants

Find the value of x. Q

SOLUTION
RP « RO = RS «RT Segments of Secants Theorem
9¢(11 +9) =10+« (x + 10) Substitute.
180 = 10x + 100 Simplify.
80 = 10x Subtract 100 from each side.
8=x Divide each side by 10.

P The value of x is 8.

Monitoring Progress  _  Heip in English and Spanish at BigideasMath.com

Find the value of x.

3. ﬂ 4. 3 m
SO

N>

ul
[¢)}
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Theorem

Segments of Secants and Tangents Theorem

If a secant segment and a tangent segment share an A
endpoint outside a circle, then the product of the lengths
of the secant segment and its external segment equals E
the square of the length of the tangent segment. :
D
\ Proof Exs. 21 and 22, p 618 EAZ = EC.ED
Using Segments of Secants and Tangents
Find RS. R 16 Q
- SOLUTION
Segments of Secants
ANOTHER WAY RQ*=RS - RT and Tangents Theorem
In Example 3, you can draw 5 )
segments QS and QT. 16=xe(x+8) Substitute.
256 = x> + 8x Simplify.
16 Q
R 0=x2+ 8x — 256 Write in standard form.
_ \/g2 — _
x = 8 * V8" — 4(1)(=256) Use Quadratic Formula.
2(1)
x=—4=*4V17 Simplify.
Because ZRQS and ZRTQ Use the positive solution because lengths cannot be negative.
intercept the same arc,
they are congruent. By P So,x=—4+4V17 = 12.49, and RS = 12.49.
the Reflexive Property
of Congruence, .1 . .
ZORS = /TRO. So, Finding the Radius of a Circle
A_RS_Q - ARQT by the AA Find the radius of the aquarium tank. B
Similarity Theorem. You can
use this fact to write and SOLUTION 20 ft
_solve a proportion to find x. D r o r E C
CB*>=CE +CD Segments of Secants 8 ft
and Tangents Theorem
202 =8+ (2r+ 8) Substitute.
400 = 16r + 64 Simplify.
336 = 16r Subtract 64 from each side.
21 =r Divide each side by 16.

P> So, the radius of the tank is 21 feet.

Monitoring Progregg . Help in English and Spanish at BigldeasMath.com

Find the value of x.

1 Y
X

8. WHAT IF? In Example 4, CB = 35 feet and CE = 14 feet. Find the radius of
the tank.
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EXxercises

Vocabulary and Core Concept Check

1. VOCABULARY The part of the secant segment that is outside the circle is called a(n)

2. WRITING Explain the difference between a tangent segment and a secant segment.

Monitoring Progress and Modeling with Mathematics

In Exercises 3—6, find the value of x. (See Example 1.)

7. « 6 8. ‘

Section 10.6

15. ERROR ANALYSIS Describe and correct the error in
finding CD.

CD+DF= AB - AF

CD+4=5.3
CD+4=15
CD=3.75

16. MODELING WITH MATHEMATICS The Cassini
spacecraft is on a mission in orbit around Saturn until
September 2017. Three of Saturn’s moons, Tethys,
Calypso, and Telesto, have nearly circular orbits of
radius 295,000 kilometers. The diagram shows the
positions of the moons and the spacecraft on one
of Cassini’s missions. Find the distance DB from
Cassini to Tethys when AD is tangent to the circular
orbit. (See Example 4.)

-

©

»
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17.

18.

19.

Solve the equation by completing the square.
27. X2+ 4x =45
29. 2x* + 12x + 20 = 34

MODELING WITH MATHEMATICS The circular stone
mound in Ireland called Newgrange has a diameter
of 250 feet. A passage 62 feet long leads toward

the center of the mound. Find the perpendicular
distance x from the end of the passage to either

side of the mound.

¢ 250 ft '
A N
. \ﬂ,\/}”
] > &

MODELING WITH MATHEMATICS You are designing
an animated logo for your website. Sparkles leave
point C and move to the outer

circle along the segments

shown so that all of the N -
sparkles reach the outer circle \C

at the same time. Sparkles PR
travel from point C to D~ \
point D at 2 centimeters \
per second. How fast should \
sparkles move from point C to

point N? Explain.

PROVING A THEOREM Write a two-column proof of
the Segments of Chords Theorem.

Plan for Proof Use the diagram from page 614.
Draw AC and DB. Show that AEAC and AEDB are
similar. Use the fact that corresponding side lengths
in similar triangles are proportional.

20.

21.

22.

23.

24.

25.

PROVING A THEOREM Prove the Segments of
Secants Theorem. (Hint: Draw a diagram and add
auxiliary line segments to form similar triangles.)

PROVING A THEOREM Use the Tangent Line to
Circle Theorem to prove the Segments of Secants
and Tangents Theorem for the special case when the
secant segment contains the center of the circle.

PROVING A THEOREM Prove the Segments of Secants
and Tangents Theorem. (Hint: Draw a diagram and
add auxiliary line segments to form similar triangles.)

WRITING EQUATIONS In the diagram of the water
well, AB, AD, and DE are known. Write an equation
for BC using these three measurements.

P

=4

HOW DO YOU SEE IT? Which two theorems would
you need to use to find PQ? Explain your reasoning.

CRITICAL THINKING In the figure, AB = 12, BC = 8§,
DE = 6, PD = 4, and A is a point of tangency. Find
the radius of ©OP.

A B

b

E

THOUGHT PROVOKING Circumscribe a triangle about
a circle. Then, using the points of tangency, inscribe

a triangle in the circle. Must it be true that the two
triangles are similar? Explain your reasoning.

’_Maintaining Mathemafical PrOfiCEBHCY Reviewing what you learned in previous grades and lessons

(Section 4.4)
28. 2 —2x—1=38
—4x? +8x +44 =16
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MAKING SENSE
OF PROBLEMS
To be proficient in math,

you need to explain
correspondences between

equations and graphs. {>

Egsenﬂa' Quegﬁon What is the equation of a circle with center

(h, k) and radius r in the coordinate plane?

The Equation of a Circle with Center at

the Origin

Work with a partner. Use dynamic geometry
software to construct and determine the

Radius

Equation of circle

equations of circles centered at (0, 0) in the

1

coordinate plane, as described below.

2

a. Complete the first two rows of the table

for circles with the given radii.
Complete the other rows for circles

with radii of your choice.

b. Write an equation of a circle with

center (0, 0) and radius r.

The Equation of a Circle with Center (h, k)

Work with a partner. Use dynamic geometry
software to construct and determine the equations

Center

Equation of circle

of circles of radius 2 in the coordinate plane, as

0,0

described below.

(2,0)

a. Complete the first two rows of the table

for circles with the given centers.
Complete the other rows for circles with

centers of your choice.

b. Write an equation of a circle with
center (h, k) and radius 2.

c. Write an equation of a circle with center (A, k) and radius r.

Deriving the Standard Equation of a Circle

Work with a partner. Consider a circle with radius r
and center (h, k).

Write the Distance Formula to represent the distance
d between a point (x, y) on the circle and the center
(h, k) of the circle. Then square each side of the
Distance Formula equation.

How does your result compare with the equation you
wrote in part (c¢) of Exploration 2?

Communicate Your Answer

4

\ Y

()

4. What is the equation of a circle with center (/, k) and radius 7 in the

coordinate plane?

5. Write an equation of the circle with center (4, —1) and radius 3.

Section 10.7 Circles in the Coordinate Plane 619



[ esson What You Will Learn

P Write and graph equations of circles.
P Write coordinate proofs involving circles.

Core Vocabularv P Solve real-life problems using graphs of circles.
standard equation of a circle, P Solve nonlinear systems.
p. 620
Previous Writing and Graphing Equations of Circles

completing the square . . .
P 9 . Let (x, y) represent any point on a circle with center at the

origin and radius r. By the Pythagorean Theorem, Y xy)

x4y =r

This is the equation of a circle with center at the origin
and radius r.

Core Concept

Standard Equation of a Circle
Let (x, y) represent any point on a circle with AY
center (h, k) and radius r. By the Pythagorean
Theorem, l y—k
[ ]
x—h?2+(y—k?=r

This is the standard equation of a circle with
center (h, k) and radius r.

A

<Y

\_
Writing the Standard Equation of a Circle
Ay Write the standard equation of each circle.
- 2 ™N a. the circle shown at the left

™
/I

[ \ b. a circle with center (0, —9) and radius 4.2
) 1
\ / * SOLUTION
NC 2 / L. ..
N | A a. The radius is 3, and the center b. The radius is 4.2, and the
Y is at the origin. center is at (0, —9).

(x — h)? + (y — k)2 = r? Standard equation  (x — k)2 + (y — k)2 = 12

of a circle
(x— 02+ (y—0)2=32  Substitute. (x —0)2+ [y — (—9)]> = 4.22
X2+y2=9 Simplify. X+ (y+92=17.64
P The standard equation of P The standard equation of the
the circle is x2 + y* = 9. circle is x2 + (y + 9)2 = 17.64.

Monitori"g Progress . Help in English and Spanish at BigldeasMath.com

Write the standard equation of the circle with the given center and radius.

1. center: (0, 0), radius: 2.5 2. center: (—2, 5), radius: 7
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Writing the Standard Equation of a Circle

The point (=5, 6) is on a circle Ay
with center (—1, 3). Write the
standard equation of the circle. 6
(=5, 6)
4
SOLUTION (=1,3) 5
To write the standard equation, you need - >
to know the values of 4, k, and r. To find —6 —2 4 x
r, find the distance between the center and 7
the point (—5, 6) on the circle.
r=V[=5— (=D} + (6 — 3)? Distance Formula
=1\/(—4)* + 32 Simplify.
=5 Simplify.
Substitute the values for the center and the radius into the standard equation of
a circle.
x—h?r+ @G —kr=1r Standard equation of a circle
[x=(—=D?+ (y—3)2=52 Substitute (h, k) = (—1,3) and r = 5.
(x+1)2+(y—3?2=25 Simplify.

P> The standard equation of the circle is (x + 1)> + (y — 3)2 = 25.

CONNECTIONS TO Graphing a Circle
ALGEBRA

Recall from Section 4.4 that
to complete the square for SOLUTION
the expression x2 + bx, you

The equation of a circle is x> + y> — 8x + 4y — 16 = 0. Find the center and the
radius of the circle. Then graph the circle.

add the square of half the You can write the equation in standard form by completing the square on the
coefficient of the term bx. x-terms and the y-terms.
2 2
X2+ bx + (g) = (x + g) X+ —8x+4y—-16=0 Equation of circle
J X—8x+y:+4y=16 Isolate constant. Group terms.
f,4‘£ < X—=8x+16+y*+4y+4=16+16+4 Complete the square twice.
< d A > X — +(y+ = actor left side. Simplify right side.
< N\, (x— 42+ (y+2?2=36 Factor left side. Simplify right sid
8 | x
4, -2) x=42+[y— (2P =6 Rewrite the equation to find the
\ / center and the radius.
e /
A/ P The center is (4, —2), and the radius is 6. Use a compass to graph the circle.

Monitori"g Pr'ogl"ess - Help in English and Spanish at BigldeasMath.com

3. The point (3, 4) is on a circle with center (1, 4). Write the standard equation of
the circle.

4. The equation of a circle is x2 + y> — 8x + 6y + 9 = 0. Find the center and the
radius of the circle. Then graph the circle.
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Writing Coordinate Proofs Involving Circles

Writing a Coordinate Proof Involving a Circle

Prove or disprove that the point (\/E, \5) lies on the circle centered at the origin
and containing the point (2, 0).

SOLUTION

The circle centered at the origin and containing the point (2, 0) has the following
radius.

r=VE =P+ (kP = V2 =02+ (002 =2

So, a point lies on the circle if and only if the distance from that point to the origin
is 2. The distance from (\/5, \/5) to (0, 0) is

d=\(V2 - 0]+ (V2 —0) =2.

P So, the point (\6 \/5) lies on the circle centered at the origin and containing
the point (2, 0).

Monitoring Progress  _  teip in Engiish and Spanish at BigideasMath.com

5. Prove or disprove that the point ( 1, \/5) lies on the circle centered at the origin
and containing the point (0, 1).

Solving Real-Life Problems

Using Graphs of Circles

The epicenter of an earthquake is the point on Earth’s surface directly above the
earthquake’s origin. A seismograph can be used to determine the distance to the
epicenter of an earthquake. Seismographs are needed in three different places to
locate an earthquake’s epicenter.

Use the seismograph readings from locations A, B, and C to find the epicenter of
an earthquake.

* The epicenter is 7 miles away from A(—2, 2.5).

* The epicenter is 4 miles away from B(4, 6).

* The epicenter is 5 miles away from C(3, —2.5).

SOLUTION
Ay The set of all points equidistant from a given point is a circle, so the epicenter is
pypee N located on each of the following circles.
[ B ©A with center (—2, 2.5) and radius 7
| A‘,4 | OB with center (4, 6) and radius 4
< \\ / 7 N> OC with center (3, —2.5) and radius 5
\_|—4 / X
N Pals To find the epicenter, graph the circles on a coordinate plane where each unit
N corresponds to one mile. Find the point of intersection of the three circles.
78 T—
LY P The epicenter is at about (5, 2).

Monitori"g Progress . Help in English and Spanish at BigldeasMath.com

6. Why are three seismographs needed to locate an earthquake’s epicenter?
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Solving Nonlinear Systems

In Section 4.8, you solved systems involving parabolas and lines. Now you can solve

systems involving circles and lines.

Solving a Nonlinear System

Solve the system. X +yr=1 Equation 1
y= xt ] Equation 2
2
SOLUTION
Step 1 Equation 2 is already solved for y.
Step 2 Substitute xtl for y in Equation 1 and solve for x.
X2+yr=1 Equation 1
2
X2+ (x * 1) =1 SubstituteXJzr 1 fory.
+ 1)? .
x>+ (x n D" _ 1 Power of a Quotient Property
4+ (x+1)2=4 Multiply each side by 4.
5 +2x—3=0 Write in standard form.
_ [r2 — _
=2= 22(5)4(5)( 3) Use the Quadratic Formula.
= Z2E V64 Simplif
10 phity.
Check x= _21(;: 8 Evaluate the square root.
Graph the equations in a
coordinate plane to check your —1=*4 .
x = Simplify.
answer. 5
/,Lﬂy So,x=_1+4=§andx=_1_4=—l.
0.8 > 5 5 5
(-1.9) (% g) Step 3 Substitute % and —1 for x in Equation 2 and solve for y.
\ . 3
0.4 04 08][x 511 141
04 y= 5 Substitute for x in Equation 2. y=—>
|
\
-0.8 . .
~__ =4 Simplify. =0
Y 5

} So, the solutions are i,i and (—1, 0).
55

Monitoring Progress

Solve the system.
7. X2+ 2= 8. X2 +y2=2

y=x y=—x+2

Section 10.7

Circles in the Coordinate Plane

Help in English and Spanish at BigldeasMath.com

9. (x— 12 +y2=4
:x+6
2
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EXxercises

Vocabulary and Core Concept Check

1. VOCABULARY What is the standard equation of a circle?

2. WRITING Explain why knowing the location of the center and one point on a circle is enough

to graph the circle.

Monitoring Progress and Modeling with Mathematics

In Exercises 3-8, find the center and radius of the
circle.

3. Gﬂy 4. AY
o1 N
/7N / \
6 2 | 2] 6x ~12 2
/ AN 4
in N
"y Y
5 \12Ay 6. Ay
TN = 6 12 | x
7_‘6,7 y
2 N__ VV 6x b
|
R Y
7. (o5, 254 N T
DN 373/ _f \3'3
/11N VA EAN
DI ) ¢ )
-3\ -1 / X < \ / >
| N T2 N2k
(08 13 i
Ty 2y

In Exercises 9-20, write the standard equation of the
circle. (See Example 1.)

9. AV 10. Ay
> AN
/1N / \
RET 1) 3x ~12 4 Ix
NP7 N
g N | A
"y Y
1" Ay 2. 4
77 TN\ T I ™
/ N\, / \
-6 X
-6 = >
\_ |/ NEEEYAC
N e N1
Y Yy
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13.

15.

16.

17.

18.

19.

20.

Ay 14. Ay
8 l/ \\
1N\ iV N\,
< > -8 8 | x
-8 8 | 16x g
D \ /
N A
Y Y

a circle with center (0, 0) and radius 7

a circle with center (4, 1) and radius 5

a circle with center (—3, 4) and radius 1

a circle with center (3, —5) and radius 7

a circle with center (—2, —6) and radius 1.1

a circle with center (—10, —8) and radius 3.2

In Exercises 21-26, use the given information to write
the standard equation of the circle. (See Example 2.)

21.

22.

23.

24,

25.

26.

27.

The center is (0, 0), and a point on the circle is (0, 6).
The center is (1, 2), and a point on the circle is (4, 2).

The center is (7, —9), and a point on the circle is
(3, —6).

The center is (—4, 3), and a point on the circle is
(=10, —5).

The center is (0, 0), and a point on the circle is
@3, =7).

The center is (—1, —3), and a point on the circle is
(=5, 8).

ERROR ANALYSIS Describe and correct the error in
writing the standard equation of the circle.

X The standard equation of the circle
with center (—3, —5) and radius 3

is(x—3)2+ (y—5)2=9.



28. ERROR ANALYSIS Describe and correct the error in

writing the standard equation of the circle.

i4 — 8 12;)(
(16,;6)
\ /
T
[y [ [ []

The standard equation of the circle is
(x=3)2+(y+6)2=5

In Exercises 29-38, find the center and radius of the
circle. Then graph the circle. (See Example 3.)

29. x2+y2=49 30. 2+y2=064
31, (x+52+(y—3)2=9

3. x—62+(y+2)?r=

33. X2+y2—6x=7

34. 2+ y2+4y=32

35. x2+y2—8x—2y=—16

36. x2+y2+4x+ 12y=—15

37. 2+y2+8x—4y+4=0

38. 2+ 2+ 12x—8 +16=0
In Exercises 39-44, prove or disprove the statement.
(See Example 4.)

39. The point (2, 3) lies on the circle centered at the
origin with radius 8.

40. The point (4, \/g) lies on the circle centered at the
origin with radius 3.

41. The point (\/8, 2) lies on the circle centered at the
origin and containing the point (3, —1).

42. The point (\/7, 5) lies on the circle centered at the
origin and containing the point (5, 2).

43. The point (4, 4) lies on the circle centered at (1, 0)
and containing the point (5, —3).

44. The point (2.4, 4) lies on the circle centered at
(—3, 2) and containing the point (—11, 8).

45. MODELING WITH MATHEMATICS A city’s commuter
system has three zones. Zone 1 serves people living
within 3 miles of the city’s center. Zone 2 serves those
between 3 and 7 miles from the center. Zone 3 serves
those over 7 miles from the center. (See Example 5.)

N \=pseauog
(ﬁﬁ DS S
méﬂf:;s”wﬁ

/4 .

a. Graph this situation on a coordinate plane where
each unit corresponds to 1 mile. Locate the city’s
center at the origin.

b. Determine which zone serves people whose homes
are represented by the points (3, 4), (6, 5), (1, 2),
(0, 3), and (1, 6).

46. MODELING WITH MATHEMATICS Telecommunication
towers can be used to transmit cellular phone calls. A
graph with units measured in kilometers shows towers
at points (0, 0), (0, 5), and (6, 3). These towers have a
range of about 3 kilometers.

a. Sketch a graph and locate the towers. Are there
any locations that may receive calls from more
than one tower? Explain your reasoning.

b. The center of City A is located at (—2, 2.5), and
the center of City B is located at (5, 4). Each city
has a radius of 1.5 kilometers. Which city seems
to have better cell phone coverage? Explain
your reasoning.

In Exercises 47-56, solve the system. (See Example 6.)

47. > +y*=4 48. X2+ 2=
49. x> + )y’ =064 50. x2+)2=2
y=x—10 y=x+2
51. x> +y*2=16 52. x2432=9
y=.x+16 y:x+3
53. X +y*=1 54. x> +)2=1
_—x+t1 _ —5x+13
2 Y 12
55. (x—32+(y+1)2=1 56. (x+22+(—62=25

y=2x—206 y=-—2x—123
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57.

58.

59.

REASONING Consider the graph shown.

a. Explain how you (_‘ 15 8
can use the given 17 17

_.
—
—
=
|
NN
Wi
A

N
YA

points to form |

Pythagorean triples. i 0.5 N\

b. Identify another <
point on the circle

4
<Y

that you can

use to form the N -

—

Pythagorean triple 7(_72 _35) (2 ‘LO)
3,4,5. AN

\a1r a1

HOW DO YOU SEE IT? Match each graph with
its equation.

a. AV b. Ay
/ AN /Tal TN\
N2 -2 X 5
N /_277 N /
Y =2 |y |2 [x
LR Y. . I I I d. [T T AT 1.
/ N =2 2 ['x
- > LTS N\
2 4 ) x \2
N 4 ) 14
/
Y Y

A 2+ (y+32=4 B,
C x+3?2+y2=4 D.

(x—=32+y>=4
2 (y-32=4

REASONING Sketch the graph of the circle whose
equation is x> + y?> = 16. Then sketch the graph of
the circle after the translation (x, y) > (x — 2,y — 4).
What is the equation of the image? Make a conjecture
about the equation of the image of a circle centered at
the origin after a translation m units to the left and

n units down.

60.

61.

62.

THOUGHT PROVOKING A circle has center (&, k) and
contains point (a, b). Write the equation of the line
tangent to the circle at point (a, b).

USING STRUCTURE The vertices of AXYZ are X(4, 5),
Y(4, 13), and Z(8, 9). Find the equation of the circle
circumscribed about AXYZ. Justify your answer.

MAKING AN ARGUMENT Your friend claims that the
equation of a circle passing through the points (—1, 0)
and (1, 0) is x2 — 2yk + y? = 1 with center (0, k). Is
your friend correct? Explain your reasoning.

MATHEMATICAL CONNECTIONS In Exercises 63—-66, use
the equations to determine whether the line is a tangent,
a secant, a secant that contains the diameter, or none of
these. Explain your reasoning.

63.

64.

65.

66.

67.

Circle: (x — 42+ (y—3)2=9
Line: y =6

Circle: (x +2)2 + (y —2)2=16
Line: y=2x — 4

Circle: (x =52+ (y+ 1)2=4

Line: y = %x -3

Circle: (x +3)2+ (y — 6)2=25
Line: y = —%x +2

REASONING Four tangent circles are centered on the
x-axis. The radius of OA is twice the radius of ©O.
The radius of OB is three times the radius of ©O.
The radius of OC is four times the radius of ©O.

All circles have integer radii, and the point (63, 16)
is on OC. What is the equation of ©A? Explain

your reasoning.

'_Main'raining Mafhemafical PrOficiency Reviewing what you learned in previous grades and lessons

Identify the arc as a major arc, minor arc, or semicircle. Then find

the measure of the arc. (Section 10.2)

s
68. RS 69. PR -
T R
S o ~~_25°

70. PRT 71. ST 20
72. RST 73. 0S Q

P
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What Did You Learn?

Core Vocabulary

inscribed angle, p. 598
intercepted arc, p. 598
subtend, p. 598

circumscribed angle, p. 608
segments of a chord, p. 614
tangent segment, p. 615

secant segment, p. 615
external segment, p. 615
standard equation of a circle, p. 620

Core Concepts

Section 10.4

Inscribed Angle and Intercepted Arc, p. 598
Measure of an Inscribed Angle Theorem, p. 598
Inscribed Angles of a Circle Theorem, p. 599

Section 10.5

Tangent and Intersected Chord Theorem, p. 606
Intersecting Lines and Circles, p. 606

Angles Inside the Circle Theorem, p. 607
Section 10.6

Segments of Chords Theorem, p. 614

Tangent Segment and Secant Segment, p. 615
Section 10.7

Standard Equation of a Circle, p. 620

Inscribed Right Triangle Theorem, p. 600
Inscribed Quadrilateral Theorem, p. 600

Angles Outside the Circle Theorem, p. 607
Circumscribed Angle, p. 608
Circumscribed Angle Theorem, p. 608

Segments of Secants Theorem, p. 615
Segments of Secants and Tangents Theorem, p. 616

Solving Nonlinear Systems, p. 623

Writing Coordinate Proofs Involving Circles, p. 622

Mathematical Practices

1. What other tools could you use to complete the task in Exercise 18 on page 603?

2. You have a classmate who is confused about why two diagrams are needed in part (a) of
Exercise 31 on page 611. Explain to your classmate why two diagrams are needed.

Performance Task:

Finding Locations

Scientists use seismographs to locate the epicenter of an
earthquake. They use distance data taken from the instruments
to create three circles. The intersection of these circles determines
the precise location of the epicenter. This process, which is called
trilateration, is also used by the Global Positioning System (GPS)
to determine a person’s location. How does it work?

To explore the answer to this question and
more, check out the Performance Task and
Real-Life STEM video at BigldeasMath.com.
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.ﬂ @ Cha pter REViEW Dynamic Solutions available at BigldeasMath.com

Lines and Segments That Intersect Circles (pp. 573-580)

In the diagram, AB is tangent to ©C at B and

B
AD is tangent to OC at D. Find the value of x. 2x + 5
AB = AD External Tangent Congruence Theorem A
2x+5=133 Substitute. 5 33

x=14 Solve for x.

P> The value of x is 14.

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

LK L/
1. PK 2. N\M
M
3. JL 4. KN
— _ P
5. NL 6. PN
N

Tell whether the common tangent is internal or external.

50

Points Y and Z are points of tangency. Find the value of the variable.

= Y 9a2-30 0. >24+9c+6 Y 1.
3a
9 + 14 9
V4 Z V4
12. Tell whether AB is tangent to OC. Explain. /\
52 10
\/ C
A 48 B
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Finding Arc Measures (pp. 587-588)

Find the measure of each arc of ©P, where LN is a diameter. K

a. N N
P MN is a minor arc, so mMN = mZMPN = 120°.

b. NLM L ‘
P NLM is a major arc, so mNLM = 360° — 120° = 240°. M

c. NML
} NL is a diameter, so NML is a semicircle, and mNML = 180°.

Use the diagram above to find the measure of the indicated arc.

13. KL 14. LM 15. KM 16. KN

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

17. 18.

Using Chords (pp. 589-594)

In the diagram, ©A = OB, CD = F_E, and mFE = 75°. Find mCD.

Because CD and FE are congruent chords in congruent D C F
circles, the corresponding minor arcs CD and FE are

congruent by the Congruent Corresponding Chords 750
Theorem.

P So, mCD = mFE = 75°. E

Find the measure of AB.

19. 20.

22. In the diagram, QN = QP = 10, JK = 4x, and LM = 6x — 24.
Find the radius of ©Q.

65°
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Inscribed Angles and Polygons (pp. 597-604)

Find the value of each variable.

LMNP is inscribed in a circle, so opposite angles are supplementary

by the Inscribed Quadrilateral Theorem.
mZL + m£N = 180° m4LP + msM = 180°
3a° + 3a° = 180° b° + 50° = 180°
6a = 180 b =130
a =30

} The value of a is 30, and the value of b is 130.

Find the value(s) of the variable(s).

23. 24.
‘ A
B

X
C
25. 26.
27. 28.
Angle Relationships in Circles (pp. 605-612)
Find the value of y.

The tangent RQ and secant RT intersect outside the circle, so you
can use the Angles Outside the Circle Theorem.

¥° = 2(mQT — mSQ) Angles Outside the Circle Theorem
¥ = %(190° — 60°) Substitute.
y =65 Simplify.

P> The value of y is 65.

Chapter 10 Circles

190°

60°
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Find the value of x.

29. 30. 31.
. 40°‘
250° 152° | 60° << 96°

32. Line / is tangent to the circle. Find mXYZ.

Segment Relationships in Circles (pp. 673-678)

Find the value of x.

The chords EG and FH intersect inside the circle, so you
can use the Segments of Chords Theorem. F
EP « PG = FP « PH Segments of Chords Theorem
G
Xe2=36 Substitute.

x=9 Simplify.

P The value of xis 9.

Find the value of x.

33. 34, 0 35.

(AN
T
S
36. A local park has a circular ice skating rink. You are
standing at point A, about 12 feet from the edge of 20 ft
the rink. The distance from you to a point of
tangency on the rink is about 20 feet. Estimate 12 ft
the radius of the rink.
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42.

43.

44,

Circles in the Coordinate Plane (pp. 6719-626)

Write the standard equation of the circle shown.

AY
// \\
/ ARN
4
2
NC 7
N V
6 -4 [-2 |y  2x

The radius is 4, and the center is (—2, 4).

x—hr+(y—k2=1r2 Standard equation of a circle
[x—(2)+ @ —42=42 Substitute.
(x+22+(y—42=16 Simplify.

P The standard equation of the circle is (x + 2)? + (y — 4)? = 16.

Write the standard equation of the circle shown.

37.

721\}’ 38. Ay 39. Ay
AN, AN ;
d/ A\ A \ /TN
(2 4 6 \x r \ . [ Y[,
\ ) R / 16 \-2 [ 2] 6x
\ / TN 7 1/
NL | L B N A |z
Y Y 4 8 | 12 | x Y

Werite the standard equation of the circle with the given center and radius.

40.

center: (0, 0), radius: 9 41. center: (—5, 2), radius: 1.3
The point (—7, 1) is on a circle with center (—7, 6). Write the standard equation of the circle.

The equation of a circle is x2 + y2 — 12x + 8y + 48 = 0. Find the center and the radius of the
circle. Then graph the circle.

Prove or disprove that the point (4, —3) lies on the circle centered at the origin and containing
the point (=5, 0).

Solve the system.

45,

x2+y2=25 46. XX+ (y+2)2=1

Circles



Find the measure of each numbered angle in ©OP. Justify your answer.

1. \ 2. / 3. 4, E
' % 48°
‘ \
145° B
Use the diagram. A 215°

5. AG=2,GD =9, and BG = 3. Find GF. vl‘

6. CF=12,CB =3, and CD = 9. Find CE. E

7. Solve the system.  x2 + y2 = 225 \
y=x+3 D

8. Sketch a pentagon inscribed in a circle. Label the pentagon ABCDE. Describe the relationship
between each pair of angles. Explain your reasoning.

a. ZCDE and ZCAE b. ZCBE and LCAE

Find the value of the variable. Justify your answer.

9. B 10.
5x — 4
6
A
A ‘
12 '
3x+ 6
D D

11. Prove or disprove that the point (2\/5, —1 ) lies on the circle centered at (0, 2) and containing the point (—1, 4).

Prove the given statement.

12. ST =RQ 13. IM =1M 14. DG =FG

R J D
y Q
K G E
M
T L 7

15. A bank of lighting hangs over a stage. Each light illuminates a circular region on the stage. A coordinate plane
is used to arrange the lights, using a corner of the stage as the origin. The equation (x — 13)2 + (y — 4)> = 16
represents the boundary of the region illuminated by one of the lights. Three actors stand at the points A(11, 4),
B(8,5), and C(15, 5). Graph the given equation. Then determine which actors are illuminated by the light.

16. If a car goes around a turn too quickly, it can leave tracks that form an arc
of a circle. By finding the radius of the circle, accident investigators can
estimate the speed of the car.

a. To find the radius, accident investigators choose points A and B on
the tire marks. Then the investigators find the midpoint C of AB.
Use the diagram to find the radius r of the circle. Explain why this
method works.

(r — 80) ft

b. The formula § = 3.87\/ﬁ can be used to estimate a car’s speed in miles
per hour, where fis the coefficient of friction and r is the radius of the rft
circle in feet. If f = 0.7, estimate the car’s speed in part (a).

Not drawn to scale
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.ﬂ @ Cumulative Assessment

1. Classify each segment as specifically as possible.

a. BG b. CD

2. Copy and complete the paragraph proof. GrdeD| Ay

Given Circle C with center (2, 1) and radius 1, N
Circle D with center (0, 3) and radius 4 /

Prove Circle C is similar to Circle D. 4

Map Circle C to Circle C’ by using the (x,y) > 2
so that Circle C' and Circle D have the same center at (__, _ ). Dilate

Circle C’ using a center of dilation (__, __) and a scale factor of ___. A\
Because there is a transformation that maps Circle C to Circle D,
Circle Cis Circle D. | Y

‘l\

S
/|
N
s
xY

3. Use the diagram to write a proof.

Given AJPL = ANPL
PK is an altitude of AJPL.
PM is an altitude of ANPL.
Prove APKL ~ ANMP

4. The equation of a circle is x2 + y2 + 14x — 16y + 77 = 0. L M N
What are the center and radius of the circle?

(A center: (14, —16), radius: 8.8
center: (—7, 8), radius: 6
(© center: (—14, 16), radius: 8.8

(D) center: (7, —8), radius: 5.2

5. Which expression is not equivalent to the others?

12 o 54 oy ® X9 o (x73)3

x3ex3 x4

© X e x ® Vx o x4

x~6 x73
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6. Which angles have the same measure as ZACB? Select all that apply.

ZDEF ZJGK ZKGL

ZONR ZSTV ZSWV

7. A survey asked freshman and sophomore students
about whether they think the new school mascot
should be a tiger or a lion. The table shows the
results of the survey.

a. Complete the two-way table.

b. What is the probability that a randomly selected
student is a freshman and prefers a tiger?

¢. What is the probability that a randomly selected
sophomore prefers a tiger?

Is your friend correct? Explain your reasoning.

ZLGM ZMGJ
LVWU £ZXYZ
New Mascot
Tiger Lion | Total
Freshman 100
w
E Sophomore 48
O
Total 110 212
Chapter 10 Cumulative Assessment 635

Your friend claims that the quadrilateral shown can be inscribed in a circle.
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