Math 9

Unit 8: Circle Geometry
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Ovuicomes:

1. Solve problems and justify the solution, using the following circle
properties:
« the perpendicular from the centre of a circle to a chord bisects

the chord
« the measure of the central angle is equal fo twice the measure of

the inscribed angle subtended by the same arc
« the inscribed angles subtended by the same arc aré congruent
. a tangent to a circle is perpendicular to the radius at the point of

tangency.

IXL's for this unit- It is recommended you do a few questions a night
from one of the following IXL's to keep your knowledge current!

F.1Parts of a circle

F.2Circles: calculate area, circumference, radius and diameter
F.3Circles: word problems

F.4Central angles

F.5Arc measure and arc length

F.6Area of sectors

F.7Circle measurements: mixed review

F.8Arcs and chords

F.9Tangent lines

F.10Perimeter of polygons with an inscribed circle
F.11Inscribed angles

F.12Angles in inscribed right triangles
F.13Angles in inscribed quadrilaterals




9.0- Into: review and terms

Types of angles
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1. Acute angles. ..
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2. Right angles...

Exactly 947 )j_

3. Obtuse angles. ..
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Properties of Angles i
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4. Reflex angles...

1. Straight Angle —

2. Any angles (two or more) that add up to 180 degrees are also
called

~_  Supplementary angles

1R0-50
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If angle A is 50 degrees, angle C must be ]30 degrees.
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If angle A were 35 degrees, angle C must be 2&5 degrees.
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Multiple Angles forming a straight angle

B/C
A D

o
AnglesA+B+C+D= l SO degrees.

How can we solve for unknown angles with variables?
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3. Any angles (two or more) that add up to 90 degrees are also

called S“P@"@/tﬁniraVY cmgeﬁ )

7 a+big=90

o Ifa=17"and ¢ = 39 then
c 3 D=3y

40-17-39=

4. Opposite angles... are two angles formed by intersecting lines. .
They share a vertex. Opposite angles are congruent-> Meafis ‘H\C

Same

opposite angles _

If angle A is 50 degrees, angle b must be 60 degrees.

The other 2 angles must measure | S0 degrees.
Ee-50 2| 20"

If angle B is 35 degrees, angle A mustbe — 35° degrees, |

The angle that forms a linear pair with angle A must be | ’_‘f R )

degrees.

5. The interior angles of a triangle must add up to 180 degrees
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Find the measure of angle C, if angle A is 25, and angle B is 75 degrees

A

5 1R0-26-76=30

How to name an angle
A

An Angle in a triangle can be namec)
using one letter (vertex) or by three
letters. (Vertex must be the middle

letter)

B L

For example, <A = <BAC = < CAB
Likewise, <B = LZARC = / CRA
And<c=BCB = LBch
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| Worksheet: Circle Geometry Intro: Working with
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9.0b Properties of Circles & Their Definitions

A radius — Cente. bo im. ﬂf\\}
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Diameter: Chord hed contains the centre,
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Central Angle \ﬁ

An angle whose \/¢ X is at the Cened ofa
circle.
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Inscribed Angle

An angle whose \f€(-3_r€)( ison the _C | 7C|€, and the two
sides make a Chord :

Arc

: -l .
C1 FCumgzﬁrﬁﬂCof a circle that connects two points. Major arcs
and minor arcs.
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Subtended

Hﬁean% Couhs \’\Ecl,. jo.% ?ou(\& ON . Ex)an inscribed or
central angle is subtended by a major or minor arc.

/PRC 1S subtended
b\{ Minar arc. RC

A

Label each Circle Property \gc,

Radius - OX Diameter - DC—; AR

Tangent - Q.f) Point of Tangency - \f 4 C
Inscribed Angle LRCD Central Angle - £ COB £DO¥
Chord- [ BB Secant -

¥ =
Major Arc- QB [/7?& Minor Arc - BC/, ﬁb
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9.1 Tangent Properties

Tangent Property #1: e
_T;L-(\Stﬁﬂ"’ i o Civcle. 1S PCTPé{\CL\C,u[CLr -
the” mdius at the point of -%anéer\c\{_

= RULE: A tangent to a circle creates a 90° angle with the radius at the point
of tangency

** We use this properti\to create right triangles. Then we can use

J\D\?i \H/\qsormr\ Theorum to solve for side lengths.
. 2 N
Formula: Q2+b 22: CQ e QQ; b

e measure of BO if the diameter of the circle is 10cm and
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Tangent Property #2:
'TV\JO Yon et lines formar (oMol

-po;mr odtside o Cicele

Two tangent lines can be drawn from a common point outside of the
circle. They will be equal distance from the points of tangency.

1) If the radius is 5cm and the distance from the origin (centre) to point
M is 20cm, can we determine the length of each tangent line to point
M?

12




Combining Tangent Properties 1 & 2:

When combining tangent

properties 1 & 2,we can conclude
then, that the two tangent lines

meet two radii there is now a 4-sided
object formed with two 90 angles at the
points of tangency. Because of this, the
other two angles must add to | Xo©
since the degrees in a 4-sided object must

add up to a total of _ 360°.

o
Example: If Angle A = 35, then Angle O = Ej 5
|30 -35=
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Tangent Property #3: C?Mre
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How can the origin be located using
multiple tangent lines?

Bisect each tangent line -

they will cross in the middle
(the origin - center of the circle)
because each tangent line
makes a 90 with the radius
(property #1).
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Tangent Property #4: .
'pa\’q(!(i( %a@cimt [ines

When are two tangent lines parallel?

Tangent lines are parallel when they use ©ppesite

ends of the digmeter g points of
tangency (so... when they intersect a circle at opposite
endpoints of a diameter).

%GﬂMQﬁg Pythagorean Theorem worksheet
&

s

IXL F.9 Tangent Lines
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9.2 Chord Properties
Chord properties:

A line from the center will bisect a chord if
it is perpendicular. (90°)

And vice versa

A line from the midpoint of a chord to the
centre is perpendicular.

We use these properties to create triangles when connecting end points of
chords to the origin (center) of the circle, creating the radius of the circle.
Then, we can use our triangle properties to solve unknown side lengths &
angle measures of the triangles formed.

We can combine these 3 chord properties into one rule:

A line J(La%’

pcr ef\c\i cul CLW

et in2)
bidecks A Chord, passes

90" ‘H’\f‘oudh the OVSH\ .

(=]

10

16




Something to Think About...
(Apply Chord Properties)

1. Can a chord be longer than a diameter? Yes or No
Why or Why not?

NO L D;QM@'{QV S H"C
IO(\S@S"’ Cj/\ari

2. Can a chord be shorter than a radius? Yes or No
Why or why not?

Chesd
5 -

Example #1: Determine the measures of Angles x, y,
and z.

X =70
Y= 6O —+ 130-90-%0 =65

17




Example #2: O is the center of the circle. Find the length of chord
AB.

Example #3: AB is a diameter with length 26 cm. CD is a chord that
is 10 cm from the center O. What is the length of the chord?

Diamerer=2b C?l b:L: C{g\

rodins=1% ]?)2""’02:6\?\
[57400:Q%
J@Qgséo(

D draw 61
e o h =83

Example #4: A horizontal pipe has a circular cross section, with
center O. Its radius is 22 cm. Water fills less than one-half of the pipe.
The surface of the water AB is 40 cm wide. Determine the maximum

depth of the water (CD).

T L 2
\cu&\ 3 | W._/r.i%

+O
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1’11* oy b
i =) uad4-Hoo=34
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Example #5:
. Determine each value of x. Point O is the centre of each circle.
b) c)

24 —);2 25=12.775
b=3.6 Eﬁ 73.%42.2

86.2{
Your turn, try these =93

|
1. Acircle (below left) has diameter 14 cm. A chord is 7 cm long.
How far from the centre of the circle is the chord?

raé__t\ \ e 7




2 Find the values of x° and y°.

4. 0Ois the centre of the circle.
Find the length of chord AB.

¥ DC:OIOO
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5. AB is a diameter with length 36 cm. CD is a chord that is 10 cm
from the center O. What is the length of the chord?

a2

2 \82—— | O b

‘O_)_L?,_, 24 -loo = b2
b2 224
bﬂ_j}ifré

Ch= 2%5

6. A horizontal pipe has a circular cross section with center O
It has a radius of 20 cm. Water fills less than one-half of the
pipe. The surface of the water AB is 24 cm wide. Determine
the maximum depth of the water which is the depth CD.

% Chord properties worksheet

21




9.3 Angles and arcs in a Circle

A section of the circumference of a circle is an

The shorter arc (less than 180 degrees) is a

M Ao e
The longer arc (greater than 180 degrees) is a

quo( iy

The angle formed by joining the endpoints of an arc to

the center of the circle is a @ C,ﬁﬂjfra\ qﬂc‘j\ e

The angle formed by joining the endpoints of an arc to a

point on the circle is an k
TnScebed an

31 -
Key: Inscribed angles with base points from the same

arc will always be Coﬁ\cjrueﬂ-l— : @

We can now say that the central angle and inscribed angle
in the diagram are subtended by the Minor Arc AB.

C

Central Angle = < B OB
Inscribed Angle = 4 HCB
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Property #1:

An inscribed angle and a central angle subtending the same arc follow
this rule:

e
Inscribed angle: /2 the central angle size (X)
Central angle: AX the inscribed angle (2X)

Identify the Central Angle: £ Bon
Identify the Inscribed Angle: ~ 6 & H

These angles are subtended
by the arc

*** <OAC is NOT an inscribed because the sides do not touch the
edge of the circle.

Property #2: .,
Inscribed angles from the same arc look like a ]ﬁ Ol - Hein many
situations.

Inscribed Angle Property

In a circle, ALL inscribed angles subtended by the
same arc are congruent.

Using AE as the arc identify the
congruent angles. (Use yaur fingers to
trace if it makes it easier)

JRRE . LheE L=

Using BC as the arc identify the
congruent angles.

A0hD el

Using CD as the arc identify the
congruent angles.

( CRD L CED
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Bow-tie rule: Angle B= '——\OO Angle CED= 7OL)

o

Angle D = SQO Angle AEC= \ \O

0
AngleE= /O

Something to think about....
Can an inscribed angle be formed from a diameter?

24




The two arcs formed by the endpoints of a diameter are

semicircles.
()
A B 5(,(@@ lemen )rc*d‘y
anﬂe&

o CxCJd 1(0 igOU

The central angle of each arc is a straight angle which
measures 180 degrees.

Property #3:
All inscribed angles subtended by a semicircle are _ ™ ) % Lﬁ’ angles.

Identify the right angles
in the diagram.

) fe,

lo

Property #4:

The combination of tangent & angle
properties, when two tangent lines
meet two radii there is now a 4-sided _
object formed with two 90 angles at the
points of tangency. Because of this, the
other two angles must add to | 20°
since the degrees in a 4-sided object must
add up to a total of 360 . The two
tangent lines are equidistant from the
point, A, outside the circle.




Property #5:

A cyclic quadrilateral is a Ll -sided polygon (object) inside a
circle created by _L| ChocdsS . Since _Y -sided polygons
have a total of _3 460 , opposite angles of cyclic quadrilaterals
MUST addto _ | & ©°.

Angle ABC = 95
Angle BAD =75

Angle ADC =&5

Angle BCD =105
— Q 0
P f= 65 Angle PQR = 65
3 Angle QRS = 98’
Angle PSR = 115
\\5 q¥ Angle QPS = D2
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Applying all the properties — Let’s try these together...
Example 1:

Rectangle ABCD has its vertices on a circle with radius 8.5 cm.
The width of the rectangle is 10 cm. What is its length to the nearest

tenth?
3 5%6
1 i

B Y
72.25=29= h>
4 2.26=b?

b=6:37 |

x2=13.74,

- I

Radius = 15 cm
Adit OF =22 em
OL =65cm

.- Find the perimeter
of triangle LNP.

i: [CZO‘ ?CM
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Example 3:

Triangle ABC is inscribed in a circle with center O.
<AOB = 100" and <COB = 140"
Determine the values of x;y; z° and angle BAC.

0
x e 180 -loo=&0
\/ A0 ¥ =0

#5320

d ~ ANO
Example 4: Solve all the unknown angles. Smfm%

\
eyl

.» E
Cetcal angje i3
double 'IOSCV”O@C\,
Su b'Jf'(iﬂCl(ic[ b\/ ame

a(‘c : 28




*Bow-tie rule AND inscribed angles subtended by diameter=90°

TnScri’bed 5t-tb'5‘€no){nj

Z diameter (J0°

Angle CAD =11 Angle EDC =23

Angle ADB =27  Angle EAB = 7/

Angle DEB =12%  Angle EBA =53

Angle AEB =56  Angle CDB =90

Angle AEC =124  Angle CAB =90

Angle CED =56 Angle ACD =/08 ]
Angle ECD = 7! Angle DBA = [30-103 = 7/

%Do ENC ﬁ&

e ‘oppoSite angies i
&%%{%gmﬁ‘en Arc and angles properties worksheet |1 30°
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