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Lines That Intersect Circles — Day 1

Segments in Circles A circle is the locus or set of
all points in a plane equidistant from a given point
called the center of the circle.

Segments that intersect a circle have special names.
' Circle C or ()C

For Your

Key Concept Special Segments in a Circle Foba JEJ

A radius (plural radii) is a segment with endpoints at the center and on the circle.

Examples CD, CE, and CF are radii of ®C.

A chord is a segment with endpoints on the circle.
Examples AB and DE are chords of ®C.

A diameter of a circle is a chord that passes through the F
center and is made up of collinear radii.

Example DE is a diameter of ®C. Diameter DE is made

up of collinear radii CD and CE.
A\ A

Intersections On or Inside a Circle A secant is a line that
intersects a circle in exactly two points. Lines j and £ are
secants of ©®C.

When two secants intersect inside a circle, the angles formed
are related to the arcs they intercept.

Tangents

point of
- tangency

Tangents A tangent is a line in the same plane as a

circle that intersects the circle in exactly one point,

called the point of tangency. AB is tangent to ©C at
. —_—

point A. AB and AB are also called tangents.



Postulate: if a radius is drawn to the point of contact, then it is perpendicular to the tangent.
1. For the 3 circles below, draw a radius to the point of contact, then name the right angles formed.

w H

In the diagram, BC is a radius of © C. Determine whether 48 is tangent
to ©C. Explain your reasoning.

—
5. TP is tangent to circle O at T. T
The radius of circle O is 8 mm. i

Tangent segment TP is 6 mm long. /
Find the length of OP.




&4 Check Your;Progress

T
—
In the accompanying diagram, BA is tangent to
circle O at A. Radu OA and OC are drawn, and

- —
OC 1is extended to intersect B4 at B. If B4 =15

and OF = 17, find the measure of a radius of circle
0.

In the diagram, A8 is tangent to ©C at point B. Find the radius rof OC.

| -
“ 4
2

&4 Check Your;Progress

B 12
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COMMON TANGENTS A line, ray, or segment that is tangent to two coplanar
circles is called a common tangent.

TN

common tangents

Common Common
Internal External
Tangent Tangent

The diagrams below show that two circles can have four, three, two, one, or
no common tangents.

Sgesacle

4 common 3 common 2 common 1 common No common
tangents tangents tangents tangent tangents

Copy each figure and draw the common tangents. If no common tangent exists,
state no common tangent.

T O



Congruent Tangents

If two segments from the same exterior
point are tangent to a circle, then they B
are congruent. _

If AB and CB are tangent to ®D, c
then AB = CB.
A
9. ALGEBRA AB and CB are tangent to ®D. X+15
Find the value of x. B
2xr—1h
C

& check Your, Progress

Find x. Assume that segments that appear to be tangent are tangent. Round to the
nearest tenth if necessary.

P




Circumscribed Polygons A polygon is circumscribed about a circle if every side of the
polygon is tangent to the circle.

Circumscribed Polygons Polygons Not Circumscribed

Example 10.

AGEF is circumscribed about O A4, find the perimeter of AGEF.

E

*A 13

& check Your, Progress

Find the perimeter of each polygon. Assume that lines which appear to be tangent are tangent.




Challenge

Circle A has diameter 16.4 cm. Circle B has diameter 6.7 cm.

a. If A and B are internally tangent, what is the distance between
their centers?

b. If A and B are externally tangent, what is the distance between
their centers?

SUMMARY ) 915

Identify a Tangent [ Use Congruent Tangents
JL is a radius of ®]. Determine whether KL is tangent ALGEBRA AB and CB are tangent to ®D.
to @J. Justify your answer. Find the value of x.
Test to see if AJKL is a right triangle. AB=CB Tangents from the same exterior

point are congruent.
x+15=2x-5 Substitution
15=x-5 Subtract x from each side.
20=x Add 5 to each side.

8 4+ 152 & (8 + 9)% Pythagorean Theorem
289 = 280 v/ simplify.

AJKL is a right triangle with right angle JLK.
So KL is perpendicular to radius JL at point L.
Therefore, by Theorem 10.10, KL is tangent to @].

Find Measures in Circumscribed Polygons
Use a Tangent to Find MiSSing Values GRAPHIC DESICN A graphic designer is giving

directions to create a larger version of the
triangular logo shown. If AABC is circumscribed
about @G, find the perimeter of AABC.

Step 1 Find the missing measures.

K 8 Since AABC is circumscribed about @G,
AE and AD are tangent to @G, as are BE, BF,
J 2 H CF, al_El CD. 1T Therefore, AE = AD, BF = BE,
and CF = CD.
JH is tangent to @G at J. Find the value of x. So, AE = AD = 8 feet, BF = BE = 7 feet.
By Theorem 10.10, JH 1 GJ. So, AGHJ is a right triangle. By Segment Addition, CF + FB = CB, so CF =
GP + JH? = GH? Pythagorean Theorem CB — FB = 10 — 7 or 3 feet. So, CD = CF = 3 feet.
24122 = (x + 8) GI=x JH=12,and G = x + 8 Step 2 mei the perimeter of AABC. )
o . perimeter = AE + EB + BC + CD + DA
x2+ 144 =x2 + 16x + 64 Multiply. — 84741043 +8o0r36
80 = l6x S|.n1.pl|fv. : So, the perimeter of AABC is 36 feet.
5=x Divide each side by 16.

Exit Ticket

In the diagram below, circle 4 and circle B are
shown.

What is the total number of lines of tangency that
are common to circle 4 and circle B?

1
2) 2
3) 3 7
4) 4



Homework

Match the notation with the term that best describes it.

1.

PN PO s B8 D

D

—

FH
CcD
AB
C

AD

AB
DE

A.

I ® m m O 0 w

Center

Chord

Diameter

Radius

Point of tangency

Common external tangent

Common internal tangent

Secant

Use the diagram at the right.

9.
10.
11.
12.

What are the diameter and radius of ©®A4?

What are the diameter and radius of ©B?

Describe the intersection of the two circles.

Describe all the common tangents of the two circles.

b

¢m }

//'\
(

NI/
Y
A

/N

™
\
/
/

Use ©Pto draw the part of the circle described or answer the question.

13.
14.
15.
16.
17.

Tell how many common tangents the circles have and draw them.
18.

Draw a diameter AB .

Draw tangent line CB.

Draw chord DB .

Draw a secant through point 4.

What is the name of a radius in the figure?

19.

20.

O
O




In the diagram, BC is a radius of ©C. Determine whether 48 is tangent
to O C. Explain your reasoning.

21. 22. 23.
v a_% g
: A A .(‘ 3 6
A

In the diagram, AF is tangent to O C at point 8. Find the radius rof OC.

24. 25. 26.

B B B 15
4 4 12 4 A
2 ir 8 9
C r

JK is tangent to ©OL at A and JM is tangent to O L at M. Find the value of x.

27. 28. 29.
K

30. Space Shuttle Suppose a space shuttle is
orbiting about 180 miles above Earth.
What is the distance d from the shuttle to
the horizon? The radius of Earth is about
4000 miles. Round your answer to the
nearest tenth.




31.

33. 8?.8\1
N

B

Find the perimeter of each polygon. Assume that lines which appear to be tangent are tangent

For each figure, find x. Then find the perimeter.

39. / X

26

18

5
36.

X4 2

10



Arcs and Chords of Circles — Day 2

Warm - Up

1. Kiumi wants to determune the radis of a circular
pool without getting wet. She 1s located at point K,
which 15 4 feet from the pool and 12 feet from the
point of tangency, as shown mn the accompanying
diagram.

What 1s the radius of the pool?

1) 16f
) 20ft
3 R2ft

4 410 fi

In the accompanying diagram, segments RS, 5T,
and 7R are tangent to circle O at 4, B, and C,
respectively. If SB =3, BT =5, and TR = 13,

what is the measure of RS?

11



Relating Congruent Arcs, Chords, and Central Angles

Defn: arc — 2 points on a circle and all the points in between them.

A
Defin: minor arc — an arc whose measure is between 0° and 180°. | DB

[note: a minor arc is named with 2 letters — its endpoints]

Defn: major arc —an arc whose measure is between 180° and 360°. _ |
[note: a major arc is named with 3 letiers —its 2 endpoints and any point in between| -

Defn: semi-cirele — an arc whose measure is exactly 180°. e
[note: semi-circles should be named with 3 letters like a majorarc] e/

Defn: central angle — an angle whose vertex lies in the center of a circle. Its s:idfas are radii.
[note: the meacure of a ceniral angle is eaual to the measure of the arc it intercepts]

120 aq” 180
o
\ d
_ o
i F Y
. What is the measure of £17 2. What is mABC?

132°
B C

Arc Addition Postulate

The measure of an arc formed by two adjacent arcs

A B
is the sum of the measures of the two arcs.
mABC = mAB + mBC c

12




Find each measure.

1. mHJ 3. mCDE

2. mFGH 4. mBCD

6. mLNP

Congruent arcs are arcs that have the same measure.

Congruent Arcs, Chords, and Central Angles

If m2 BEA = m2 CED, It BA = CD, then
then BA = CD. BA = CD.

B c
A D
If BA = CD, then

m/.BEA = m2CED.

Congruent central angles have | Congruent chords have
congruent chords. congruent arcs.

Congruent arcs have
congruent central angles.

13



> i 6 Theorems Summarized 1 <
L ) _

3 If/l=/2then AB=  and AB =
4, If AB= ﬁ,then;\_fi; and Z1 =
5. If AB=CD,then AB=_____andZl=___

7. QR = ST. Find mQAR. 8. /HLG = /KLJ. Find GH.

5
H,

2y + 55—
(3x + 22)° y+ 13

14



Radius-Chord Relationships

Theorem: If a radius (or part of a radius) is L to a chord, then it bisects the chord.
Theorem: If a radius (or part of a radius) bisects a chord, then it is L to the chord.

& ¢
ol
A E
B B
Complete: If AD L BC, then Complete: If CE= EE, then
= L .
C
1. Given: OO
AO=5
DB=2
: B
Find: OC A o D
oD
CD
2. Given: ©OO:; chord shown =12
radius = 10

Find: How far is the chord from center?

15



3. How long is AB?

-

G

Chords Eauidistant from Center

Theorem: If 2 chords are equidistant from the center of a circle, then they are congruent.

A

0 Complete: If OB = OE, then

o]

P

F

Theorem: If 2 chords are congruent, then they are equidistant from the center.

4 D

Complete: If AC = DF, then

@]
*
b
|

t
&4 Check Your, Progress;
, 4

In ®Z, TR = TV, SZ = x + 4, and
UZ = 2x — 1. What is x?

@
<

16



Challenge

Two circles intersect and have a
common chord that is 16¢em long.
The centers are 21cm apart. If the
radius of one circle is 10¢m, find
the radius of the other circle.

SUMMARY

GJ is a diameter of @K. Identify each arc as a major arc, — H
minor arc, or semicircle. Then find its mk:lsure. /

Find each measure in @F.

a. mAED
a. mGH o=/, S
GH is a minor arc, so mGH = mZGKH or 122, \ K / mAED = mAE 4+ mED Arc Addition Postulate
b. mEE"H“ . méﬁ L . = mLAFE + m£EFD MAE = m£LAFE, mED = mZEFD
GLHisa major arc that shares the (_:i;’ is a semicircle, =63 +90or 153 Substitution
same endpoints as minor arc CH. s0 mCLf = 180. b. mADB
mGHL = 360 — mGH mADB = mAE + mEDB Arc Addition Postulate
=360 — 122 or 238 = 63 + 180 or 243 EDB is a semicircle, so mEDB = 180.

Using Radii and Chords E
ALGEBRA In the figures, @] = @K and N .
TN = PO, Find PQ. ST\ Find BD. _ 87\

_ T/ e ) p N Step 1 Draw radius AD.
MN and PQ are congruent arcs in \/ ) (-7 \Q AD=5 Radii of a @ are =.
congruent circles, so the corresponding A}\& ~ S w |
chords MN and PQ are congruent. T '\ /f' Step 2 Use the Pythagorean Theorem.
MN = PQ Definition of congruent segments — CD*? + ACt = AD?
2v41=3x—7  Substitution CD? + 3% = 57 Substitute 3 for AC and 5 for AD.
8=x Simplify. CD* =16 subtract 32 from both sides.
S0, PO = 3(8) — 7 or 17. Ch=4 Take the sguare root of both sides.
Step 3 Find BD.
BD=2(4)=8 AE L BD, so AE bisects BD.

Exit Ticket

In the diagram of circle 0,
radii OA, 0B, and OC are
drawn. If m..AOB = 160° and
mBC = 70°, find m £ AOC.

A. 20° C. 130°

17

B. 110° D. 450°



For Exercises 1-4, refer to ®N.

1. Name the circle.
2: Identify each.

a. achord

b. a diameter

Day 2 —- Homework

¢. aradius

3. If CN = 8 centimeters, find DN.

4. If EN = 13 feet, what is the diameter of the circle?

ALGEBRA Find the value of x.

7. 105°

5x°

10. Y
143°

(2x—=1)°

12. 85°

18



13. If the radius of circle O is 13 and chord MK 1s 5 cm from the center of the circle, find the length
of the chord.

14. Suppose a chord of a circle is 16 inches long and is 6 inches from the center of the circle. Find the length

of a radius.

15. In OR, TS = 21 and ﬂ
UV = 3x. What is x? ﬁ

16. — e
In®Q,CD = CB, G = x + 5 and

EQ = 3x — 6. What 1s x7?

19



Find the value of x.

17. 18. V 19. 20.
A 150° 85

AD and CG are diameters of ®B. Identify each arc as a
major arc, minor arc, or semicircle. Then find its measure.

21. m&ﬁ 22. mﬁ? 23. m&E
2a. mCGD 25. ,GCE 26. mACD
27. mﬁE 28. mAEF

20



Inscribed Angles — Day 3

Warm - Up

What is the value of x in the figure below?

(n 21

@) 23

(3) 26

(4) 28

(6x +17)°
Inscribed Angles Notice that the angle formed by each /_\
streamer appe: be a right . -' R Q
é appears to be a right angle, no matter where

point P is placed along the arch. An inscribed angle oC

has a vertex on a circle and sides that contain chords
of the circle. In ®C, ZORS is an inscribed angle. Z

An intercepted arc has endpoints on the sides of an inscribed angle and lies in the
interior of the inscribed angle. In ©C, minor arc ( )\ is intercepted by ZORS.

There are three ways that an angle can be inscribed in a circle.

R Q

21



Model Problem #1

State if each angle is an inscribed angle. If it is, name the angle and the intercepted arc.

d. b. A

[#

Theorem 10.6 Inscribed Angle Theorem DAB ('

Words  If an angle is inscribed in a circle, then
the measure of the angle equals one half
the measure of its intercepted arc.

Example mZ1=1mAB and mAB = 2m/1

2 A |

8
Model Problem #2
1.m XY e
, D
. 162°
1 |
E
&4 check Your Progress,
‘ >
. mjL R
, ; 1132 —Q
p 118°



Level B — Problems

P

3. Find each measure.

a. msZP M \
70° 0‘7/0
b. mPO N
4. Find each measure. @yn
0
a. mZx 50
[ ]
b. m Ly \?,/

Thm: If two inscribed or tangent-chord angles intercept that same arc, then they are = .

Y
Given: X and Y are inscribed angles intercepting AB

Cone: X

Model Problem #3

Find mZ£T. P U sy

23



& Check Your Progress

T

msB

Angles of Inscribed Polygons Triangles and quadrilaterals that are inscribed in circles
have special properties.

Theorem 1T-4-3

Knowjll;
An inscribed angle subtends a semicircle if and /"
only if the angle is a right angle.
Model Problem #4 Model Problem #5
Find mBC Find m&.C
B

70°

24



Level B

& Check Your Progress
mLR

Knowil ] Theorem 11-4-4 ~
¢ THEOREM HYPOTHESIS CONCLUSION

If a quadrilateral is A B

inscribed in a circle, ZA and £C are

then its opposite angles supplementary.

are supplementary. b /B and 2D are
C supplementary.

ABCD is inscribed in @E.
- A

Model Problem #6
Find the angle measures of each inscribed quadrilateral.

msB =
m/sC =
msD =
msE =

25




Challenge
Find the angle measures of RSTU.

HAS

(y* +31)°

By +7)°
u
(8y — 4)°
T
SUMMARY
ZDEF is an inscribed angle. D
DF is an intercepted arc.
DF subtends 2 DEF. £
F

Inscribed Angle Theorem

The measure of an angle inscribed in a
circle is half the measure of its intercepted
arc. m£DEF =% mDF

Exit Ticket

In the accompanying diagram of ¢circle O, the

measwre of RS is 64°.

R
T
S
What is m/RTS?
A) 32° C) 64°
B) 128° D) 96°

An inscribed angle subtends a semicircle
if and only if the angle is a right angle.

A quadrilateral can be inscribed in a
circle if and only if its opposite angles
are supplementary.
ZA and ZC are supplementary.
£B and £D are supplementary.

2 Inthe diagram below. quadrilateral JUMP is

wnscribed 1 a circle..

Opposite angles J and M must be
1) rnight

2) complementary

3) congruent

4)  supplementary

&

=)
o



Find the indicated measure.

1) m’A
158°
5,

Day 3 — Homework

2) msA
A

(L

275

5) mBC
A

c
8) msA
c
32°
g
A

11) mAB

14y m K
&

3) m/B
B
[
A
6) mBC
A
9y mBC
A
.5
c
12) m/JLM

15) mVST

S s
390
Vv 135°
27
U



Find the measure of the indicated angle or arc in P,

given mLM = 84° and mKN =116°.

16) m/JKL= __ 17 m/MKL-=
18) m/KMN= 19 m’-JKM= _
200 mKIN= 21) mJALNM =
99) mMJ= 23) mLES = ____
Find the value of the variables.

24) 25)

28)
B8
A =
84° 152¢
DNT— 4x°
go: C

30) What is the value of x in the figure shown?
AT B. 12

C. 16 D. 21

26)

29)

96°

(9x + 21)°

48°
E7~

H 450 G

28



Day 4 — Review Day

Warm - Up
Theorem:
In a circle, parallel chords mtercept congruent arcs. 7Q\B
C D
@
AB||CD, AC=BD
Example 1:

In the diagram of circle O below, chord BC is parallel to diameter AOD and mAB = 30.

What is mBC?

Example 2:

In the diagram of circle O below, chord BC is parallel to diameter AOD and mBC = 100.

What is m £BCA?

29



Practice

3. ].til’he diﬂam below, trapezoid ABCD, with bases
AB and DC, 15 mscribed in circle O, with diameter

DC. If mAB=80. find mBC ,

-.'l

4. Tnthe accompanying diagram of circle O, AB | CD.

BC 15 a diameter, and radius AU 15 drawn. If
m-ABC = 20, find mBD.

A/\B
<

30



Section 1: Tangents of Circles

1. Determine if line AB is tangent to the circle.

—
2. mthe accompanymg diagram, B4 is tangent fo
circle O at 4. Radii O4 and OC are drawn, and

I —
OC is extended to intersect B4 at 5. If B4 =15

and OF = 17, find the measure of a radius of circle
0.

31



4. Ineach diagram, a polygon circumscribes a circle. Find the perimeter of
each polygon.

. Inthe accompanying diagram, AFB, AEC, and BGC are tangent to circle O at F,
E, and G, respectively.

A

IfAB =32, AE =20, and EC =24 find BC.

6. Find x. Assume that segments that appear to be tangent are tangent.

=]
dx—6

x+10

32



7. What is the number of common tangents that can be drawn to the circles below?

8. What is the number of common tangents that can be drawn to the circles below?

Section 2: Relating Arcs and Chords

9. Calculate the radius.

N v

33



10.

®O0 with chord 9 units from the center and a radius of 41 units. Calculate the
length of the chord.

11. 7v =WS. Find mws.
V
©9n—11)

S (In+11)°

12. ©C = ®J, and m£ZGCD = m«ZNJM. Find NM.

14t — 26 G

34



In circle O below, OD L AB, OE L BC, and OD = OE,

13.

IfEC =5, find AB.

IfAB = 14, find EC,

Section 3: Central Angles

14. Incircle O below, AB is a diameter and
mZAOC = 100°.

Find the value of the following:

—

mAC

mADC

13b. Given: @0, OA=0B, CD=2x+4, BF=2r—-1.

Find: CA D
C.
100°
A -
0
D

35



15.

In the accompanying diagram of circlke O,
arc ACB has a measure of 280°.

What is the measure of central angle x?

16. For the given circle, find the value of x.

17.

X

A

Find each measure.

a. mMN

b.

m

. m

m

KL

K]

B
200=
A
C
1
AM
K N
J P /s

36



Section 4: Inscribed Angles

For the given circle, find the value of x.

X
20. 80
X >
w
21.
80°__.

23. 30°

24,

) G

-"--".“

e

L
Guc.::. L

[

For the given circle, find the value of x and y.

25. 80°

Oy =
-

26. 120°

(&

37



27. For the given circle, find the value of x and y.

38



Day 5 — Angle Relationships in Circles

Warm - Up

1. ) _
Grven cucle with center

mdicated and C
mAR mBC mAC =34 8

Find x. A
B
B
2 Inthe accompanying diagram, quadnlateral ABCD - 0
1s mscribed 1n circle 0. If m4AB = 132 and
mBC = 82, find m/ADC. A



Next to each diagram, give the name of the angle shown and write down the formula used to find its

measure.
__ Diagram Location of Vertex Classification Formula
L
-f.
5 .
. n
3.
)
A
4.
; lf. @
E
5. HI N
b.
.
:. 7. - o o
| y
! /

40



Example 1: Vertex is

Find m] LK.

e
|" |
\ /)
e/
H J

Example 2: Vertex is

20°,

Example 3: Vertex is

circle

circle

circle



Theorem: The sum of the measures of a tangent-tangent angle and its minor arc is 180.

S — C
Given: BA and BC are tangent to ©O
Conclusion: mZB + m AC =180 0* B
A
Example 4:
mLJ
L
K R
Example 5: Vertex is circle

circle

42



Key Question: Where’s the vertex?

For each question, write out the appropriate formula, plug in the known values, then solve.

5, l 6. ﬂa
100° ' 100°

©

43



CHALLENGE

Given: Circle O with tangent CBA, secant CDG .
Cbirds BE, FG, and EF. m/ BEF = 60,
mBE = 110, nGE = 60, m/.BCG = 50.

Find: a. mBDF
b. mEGC
Summary

Concept Summary

Vertex of Angle

on the circle

2(mz1)=x

c. mBD e. m/ CHE
d. m.DGEF f m/ABE

Circle and Angle Relationships

[FOLDABLE]
Angle Measure

one half the measure of the
intercepted arc

=1
mél_zx

inside the circle

2(mz1)=x + vy

one half the measure of the
sum of the intercepted arc

mL1 = 36 +y)

outside the circle

2(mz1)=x -y

one half the measure of the
difference of the intercepted arcs

mZ1 =3k~ )
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Exit Ticket

2. Inthe diagram below of circle C, 11151-: = 140, and

In the diagram below of circle O, chords AD and
— msP =40,

BC mtersect at E. m:i‘_(} =87, and n@ =35,

What 15 nﬁ 7

What 15 the degree measure of ZCEA? 1) 50
1y &7 2) 60
2 61 3) 90
3) 435 4) 110
4y 26

3. Find mZP@R ifQ_P' and Q_R’ are tangent to @®X.

290°

A 70°
B 110°

C 125°
D 140°
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Homework

Find the measure of each numbered angle.

1) 2)

134°

Find the value of x.

4) 130° 5) 6)

o’
@

."-O

Assume that lines that appear to be tangents are tangents. In ©Q, m<COD =120°, mBC = 30°, and
m«<BFC =25°. Find each measure.

7) mDC 8) mAD

9) mAB 10) m<QDC

In @Q, MAE =140°, mBD = y°, mAB =2y®, and mDE =2y* . Find each measure.

11) mBD 12) mAB ,
B

13) mbDEF 14) m<BCD

In ©P, mBC =4x -50, mDE = x +25, mEF = x -15, mFB =50, and mCD = x . Find each measure.

15) m«A 16) m<BA
17) m<£ABC 18) m<GBC
19) m<FHE 20) mz£CGFD
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Use the diagram to find the missing information.

21) Find m«3
148°

(] 128°

23) Find the value of x and mzAET .

(100 +4x)°

(40x —ZJGR (30x +10)°

H

(183 -5x)°

25) Find m«2,

85°

230°

27) Find the value of x.

84
5 2‘*

22) Find the value of x.

24) Find mx«1.

160°
6,00
106°

26) Find m<4 .

e

102°

28) Find the value of x.
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Answers

1. 46 15. 50

2. 67 16. 25

3. 15 17. 105

4. 70 18. 75

5. 130 19. 425

6. 30 20. 25

7. 120 21. 22

8. 80 22. b4

9. 130 23. 1, 141
10. 30 24. 13

11. 44 25. 157.5
12. 88 26. 129
13. 88 27. 20

14. 48 28. 26

Day 6 — More with Angle Relationships in Circles
Warm - Up E

1. Find each measure.

a. m £ZBAC

120°

bh. mZABC

c. mZBCA 1ZSD

d. mZDAB

e. mZEAC 48



Review of Angles in Circles:

1.

In the accompanying diagram of circle O
mABC = 260. What is mZABC?

SN
<

In the accompanying diugrmn of cirele O,

mZACB = 38.

B

A
@]
CvB

What is mZAOB?
(1) 19 (3) 52
(2) 38 (4) 76

In the accompanying diagmm, BA is a diameter

and mBC = 50. Find mZCBA.

C
50°
Buﬁ\
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In the accompanying diagram of circle O,

—

mABC = 150.
A

What is mZABC?

(1) 210 (3) 95
(2) 105 (4) 75

<_—C

In the accompanying diagram, AABC is
inscribed in circle O and AB is a diameter.

T

What is the number of degrees in mZC?

(1) 30 (3) 60
(2) 45 (4) 90

In the accompanying diagram of circle O,
chords AB and CD intersect at E and
mAC:mCB:mBD:mDA = 4:2:6:8.

CD

A

What is mZDEB?

(1) 36 (3) 100
(2) 90 (4) 126
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7 In the accompanying diagrm]l of circle O, chords

BD, BC, and AC, tangent PC, and secant ABP
are drawn: mZDBC = 40: mZAEB = 110: and
mAD:mCB = 9:5.

Find:

il m:r-—;t_ﬁ [3]
b mAD [3]
c msP [2]
d mZBCP 2]
e mZACP  [2]



8. In the accompanying diagram of circle O, tan-
gent AB and chord BC are drawn, secant ACD
intersects diameter EB at F, mBD = 160, and
mBC = 80.

Find:

a mZA [2]
b mZABE |[2]
¢ mZABC |[2]
d mZEFC |[2]
e mZACB 2]
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In the accompanying diagmm of circle O, ﬁ is
tangent to the circle at A; PDC is a secant:
diameter AEOC intersects chord BD at E:
chords AB. BC. and DA are drawn: mDA = 46:

and mBC is 32 more than mAB.

Find:

a mAB [2]
b mZBAC |2]
c mZP [2]
d mZDEC |[2]
e mZPDA  [2]
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10.

In the accompanying diugmm of circle O
secant ABP, secant CDP. and chord AC are
drawn; chords AD and BC intersect at E
tangent Gﬁ intersects circle O at C, anc
mAB:mBD :mDC:mCA = 8:2:5:3.

Find:

a mCA [2]
b mZACB  [2]
c mZP [2]
d mZAEB  [2]
e mZDCF  [2]
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Day 7 — Segment Relationships of Circles

Chord-Chord Product Theorem

If two chords intersect in the interior of a
circle, then the products of the lengths of the
segments of the chords are equal.

c
AE - EB=CE - ED

Level A

Model Problem #1

Find the value of x.

1. A B

N

D

od Check Your Progress

e
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Level B

In the accompanymg diagram of circle O, chords
AB and CD mntersect at E. If 4E =3, EB = 4,

CE =x, and ED = x — 4, what 15 the value of x?

X—4

Djﬂh

l i
a Check: Your Progress;

In the accompanymg diagram of circle O, chords
AB and CD intersect at E. If AE=3 EB =4,
CE=x,and ED=x+1, find CE.
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Secant-Secant Product Theorem
The product of the lengths of one secant segment and
its external segment equals the product of the lengths
of the other secant segment and its external segment.
whole - outside = whole - outside
AE - BE=CE - DE

Find the value of x.

3. In the accompanying diagram of circle O, secants
CBA4 and CED mtersect at C. If AC=12, BC=
3. and DC=9. find EC.

4. &8 Check Your Progress

In the diagram below, PAB and PCD are secants
to the circle. If PA =4, AB =35, and PD = 12,
what is PC?
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Secant-Tangent Product Theorem
The product of the lengths of the secant segment and
its external segment equals the length of the tangent
segment squared.
whole - outside = tangent®
AE - BE = DE?

5. In the accompanying diagram 4B, is tangent to
circle O at B. If 4C= 16 and CD =9, what is the
length of 4B?

od Check Your Progress

7. In the accompanying diagram, tangent AB and
secant ACD are drawn to circle O from point 4.
IfAC =4 and CD = 12, find 4B.

B

™.,

Find the value of y.

F
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Challenge

Find the diameter of the plate.

2 in.

<—---l_—vl--|-->
7 in.

Summary

The models below show segment relationships in circles.

Chord-Chord Secant-Secant

Q

f |

Secant-Tangent
Y
X

|

Chords XY and QR Secants AB and DB
intersect at S. intersect at B.

Secant AX and tangent
YX intersect at X.

v !

!

RS- S5Q = XS:8Y AB-ZB=DB-FB

AX - EX = YX*©

Exit Ticket

Solve for x in the figure below.

(1) 15 (3) 23
(2) 20 @) 24




Homework

Fill in the blanks. Then find the value of x.

1) x- =5 2) O =3 3) X =8
‘ .
4) 4. =5 5) 3 =4 6) 3. =5
5 3
4 5
3 )
/ ¢
7)) x> =4 8) x'=2s 9) x’=6+
X X
;
X 6
Find the value of x.
10) x = 11) x = 12) x=

Pah

N
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Find the value of x.




Day 8 & 9 - REVIEW

Arcs, Central Angles,

and Inscribed Angles

— Remember

1. An angle whose vertex is the center of a circle is a central angle. Example: 2 BPC

2. An arcis a curve of a circle. It is named by its endpoints. B
- 650
A minor arc measures less than 180°. Its measure .A
is equal to the measure of its central angle. A c

Example: mBC = m£BPC = 65° v
A semicircle measures 180°. Its central angle A whole cirel 2600
is a diameter. Example: mAC = m£APC = 180° whole clrcle measures )

A major arc measures more than 180°. Its measure is the difference between
360° and the measure of its central angle. Example: mBAC = 360° — 65° = 295°
3. A chord is a segment whose endpoints are points on a circle. Example: DF

An inscribed angle is an angle whose sides are chords and whose vertex is a
point on the circle. Example: 2 DFE

80° 4. The measure of an inscribed angle is equal to half the
b E measure of its intercepted arc.
m.DFE = 3 mDE =5 (80°) = 40°
150 130° ms EDF =2 mEF = % (130°) = 65° Note: The sum
; — of the angles
F mLDEF: E mDF: E (1505) = 750 of ADEF = 180°.
1. In the_accompanying dia- 4. In the accompanying diagram,
gram, BC is a diameter and isosceles ARBC is inscribed
AC = 120 . How many de- in the circle. If AB= CB and
grees are there in m < ACB? mAB = 145° , find m< B.
2. In tl'_le accompanyj_.r}g figure 5. In the diagram of circle 0O,
of circle 0, radii OC and o radii OA, OB, and 0OC are
OD are drawn. If mZD = 44°, drawn. If m.AOB = 160°and
the méD is R o mBC = 70°, find m < AOC.
(1) 920 (3) 880
(2) 46 (4) 44
C
3. In the diagram below, find 6. In the accompanying diagram
the measure of £ABC if the of circle 0; m £ABC = 60°.
mAC = 92°. 0 R Find m{ AOC.
920 (3) 23
184 (4) 46°
62
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1. A chord is a segment whose endpoints are points on a circle. @
A secant is a line that intersects a circle at two points. @
A tangent is a line that intersects a circle at exactly one point. '

2. If two chords intersect inside a circle, tangent

A D .
] . the measure of each angle is equal to half

50 40 the measure of the sum of the intercepted arcs.
B C

ms1 =3 (mAB + mCD) =

2(50° + 40°) = 4 (909) = 45°

In the accompanying

:gggggmin;hogdstABt AB. and CD intersect at E. o
. o mlﬁ:;gef 1346 If mé _AEC = 3x, mAC = 160
Zéd cEm LA —f' 3 and mDB = x, what is the
and mAD'— » fin value of x?
1227 (3) 95° (1) 400 (3 327
° (1) 8a° (2) 96" (4) 80°

ha
s

In circle O, diameter,
BB..CP. 1f mAD = 110
find the mBC.

4.

In the dlagram below, chords

In circle O, chords AB and
CpxlnLersect at B. If
mBC = 50° and mAD = 90°,
find thes m £ AEC.

135°
110°

(L) 70° (3)
(2)y 45° (4

Two chords intersecting
within a circle form an
angle whose measure is 70
If one of the 1ntercepted
arcs measures 90° ; what is
the measure of the other.
intercepted arc? -

pres e

In a circle, choxrds AB and
CD are perpendicular, and
lntezsect at. E.,WIE mAC = .-
70° find the mBD.

I B IR TR RS
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Use Intersecting Secants and Tangents

Words

If a secant and a tangent intersect at
the point of tangency, then the
measure of each angle formed is one
half the measure of its intercepted arc.

Example mZ1 = %mﬁ_ﬁ and m£2 = %mﬁfﬁ

A
mZQPR
mZQPR = —.l;l:faf_‘?
— L(148) or 74
2
l. "In ¢irgle O, BC is a chord 4, In the accompanying diagram, BD
and CD is a tangent. Find is tangent to c1rcle 0 at B, BC
the value of x. is a chord, and ;QA is a d1a~
. meter. If mAC:mCB = 1:5, find
the m £ DBC. |
! ?
D ? g
B
p— S,
2. In circle O, AB is a chord
and BR is a tangent. Find
the value of x and y.
5. In circle O, AB = AC = BC and
CD is a tangent at C. Find

l

3.

m < BCD.

A regular pentagon RSTUV
is inscribed in a circle. 6.
Find the measure of the
acute _angle formed by

side ST and the tangent

at T.
(rty 72° (3) 144
Q

(2) 36° (4) 18

Tr:l.angle DEF is inscribed in
circle O, mDE:mEF:mDF =2:3:4,
Find the measure of the acute
angle formed by side EF and the
tangent to the circle at F.

[+} (=]

(1) 40 (3) 80

(2]

(2) 60° (4) 100

e o
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If two secants, a secant and a tangent, or two tangents intersect outside a circle,
the measure of the angle formed is equal to half the measure of the difference of

the

intercepted arcs.

E__/——-...‘_F

i

ms2 = % (mé_é - mEH)

L2

P o

ms3 =3 (mJK - mJL)

ms4 = 5 (mF?TS mE’S

Two tangents to a circle
from an external point
lntercept a major arc of
280° Find the number of
degrees in the angle formed
by thea two: tangentfs.

In the agcompanying diagram,
tangent PA and secant PBC_ are
drawn to c1rg}e 0. If mAl 15
four times mAR and m<iP =
find m AB

60°

4.

i

In the accompanying diagram,
PBA and PCD are secants to

the circle. If mAD = 140°

and mB8C = 60°, find m< P,
(1) 100° (3) 70°
(2)  40° (4) 30°

i

3. In the diagram below, PA and

PB are tangents to circle 0.
Find the value of x.

e e

5. In the accompanying diagram,
tangent PA and secant BBC are
drawn to gcircle O from point
P‘.o If mAC = llO and mL P =
20 find the mAB.

,,,,,, (1) 65° (3) 70°
e, (2) 90° (4) 40°
5‘ > [P
NS
6. In the diagram_below, se-

cants CBA and CDE are drawn
to circle O from point C.
Find the value of x.
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If two chords intersect, the product of the segment
lengths along one chord is equal to the product of
the segment lengths along the other chord.

Examples: Find the value of x and the length of AC.

A

AE - EC=BE - ED

Check: 3.2(3)22.9
3.622.9
18 = 18

AC=x+2x=3+6=9

3. In circle O, chords 2B and

CD interset at P, If AP =
Xy, PB =y, and CP = z, wha®

is the length of PD in terms
of x, vy, and z?
(1) XX (3; L=

z X
(2) X2 (4) XYY

Y z

1. In the accompaqz}ng figure, 4. In the accompanying diagram, !
chords AB and CD intersect chords AB and CD of circle O
at E. If ¢cD = 13, EB = 3, intersect at E. If AE = x,
and CE = 4, find AE. . EB = x~8, CE = 5, and ED = 4,
} £ i.’ﬂd AR, ‘
N i | G j
‘1:5) 3 j
. ; ‘ ! ;
B
c T
iy
2. In circle O, diameter AB is 5. In the accompanying diagram, AB
perpendicular to chord CD at and CD are chords of the circle
E. If AE = 24 and EB = 6, = and intersect at E. If AE = 3,
what is CD? EB =5, CE = x, and ED = x+2,
/ ! find the value of x.
(1) 12 (3) 18 1 —
" (" 3 .ﬂ‘ i
(2) 15 (4) 24 ‘/ fﬁf‘m g
N m@f E
Y ;
y @ i ‘% rmaiaran o :
f | mnsaermere |
\\_M e 6. In the accompanying figure, dia- 2
C to 5

meter AB is perpendicular
choxd CD a% E,
EB = 4. £find AE.

I£ CE = 8, and

=

‘ S U T TR ek e,
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If two secant segments share the same point outside a circle, the product of the
length of one secant and its external segment length is equal to the product of
the length of the other secant and its external segment length.

A B g5 Example: B '
4 ¢ Given: AB=7, AC-BC = EC- DC
D (7+5)-5=(x+4)-4
BC =5, DC= 4. 60 = 4x+ 16
E Find the length of 44 — Ay
Ac.BC=EC.Dc  EDand EC. 11 = x ED=11: EC=15
F 1. In the accompagyin figure, 4. ézc:iisagggnggy;n‘ gizggigén
secants PAB an are
drawn to circle O from P. to circle O froT R. Ig‘RT = 18,
If pPA = 3, AB = 9, and RS = 3, and RV = 27, find VU.
PD = 18, find PC

(1) 25 (3) 3
(2y 2 (4) 29

D¢ ,

ey by 5, 'Two secants, ABC and ADE are
2. Two secants, ABC and ADE drawn to a eircle from

are drawn to a circle from : -
s AB = external point A. If AB 7,
gétfr?alagglig f”4 Igind BES' BC = 1, and AD = 4, find DE.
- 7 - P . )

(1) 15 (3) 3
(2) 14 (4) 11

3. From point P outside of

circle O, secants PAB and 6. Two secants, PDQ and PBA are
BCD are drawn. If PA = x, drawn to a circle from exter-
AB = x+2, PC = 6, and CD = 4, - nal point P. If PQ = X, .
find the value of x. PD = y, and PA = z, find PB

in terms of x, y, and z.

AR A g ik A TP
T e

S .

}
¥ o Sord X T



2. If a secant segment and a tangent segment share

the same external point, the segment lengths follow

a similar product rule.
Example:

Given: JK=9, KL = 3.
Find the length of ML.

JL KL = ML - ML
9+3)-3=x-x
36 = ¥
JL-KL=ML-ML 6 = x ML=6

3. If two tangent

segments share the
same external point,
they are congruent

10

the accompanying figure,

PA is tangent to circle O
at A and PBC is a secant.
If PC = 25, and PB = 4,
find the length of PA.

‘p’ oF

2. In the accompanying diagram,
PC is tangent to circle 0O at
C and PAB is a secant. If
PC = 10, and AB = 21, find PA.

_I_n‘_the accompanying figure,
PA is tangent to circle 0O at
A and PBC is a secant. If
PB = 4,

8 find PA.
442
'243?

and BC =
(1) 243 (3)
“W3 (8

3. In the accompanying diagram,
PA is tangent to circle O at
A and PBC is a secant. IFf
PA = 9, and PB = 3, find BC.

(1) 27 (3) 3

(2) 18 (4) 24

In the accompanying diagram,

PD is tangent to circle O at

D and PRS is a secant. If

PD = x, PR = 12, and RS = x-3
find the value of x.

}

S Vil Ry
R
& A
N
\!
‘l

X%,the accompanying figure,
is tangent to circle O at
B and ACD is a secant. If
DC = 12,

and AB = 8, find AC.
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