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— Circle theorem

Centre and Circumference Angles ©
( Key idea ¢ ) [ same segment O )
The centre angle is double the Angles on the same arc, stand-
circumference angle on the ing in the same segment, are al-

same arc. ways equal to each other.
An angle in a semicircle is > . <
always 90°. Common mistake

> < Same-segment angles are
Example % equal, not double. Only the

Centre angle = 96°

centre angle is double the

k=> circumference angle = 48°

circumference angle.

J
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— Circle theorem

S )
Tangents and Cyclic Quadrilaterals
. ™ . N
( Key idea 24 (" Order of working 24

A tangent meets the radius at
90° at the point of contact.

Opposite angles in a cyclic

Spot the theorem the diagram
shows, write it as an equation,
\then solve.

. . J
kquadrllateral sum to 180°. ) ( Common mistake h
( Example 2 ) Don’t confuse ‘equal’ with ‘sup-
. . B plementary’: same-segment an-
(1)1n32 cyclic quadrilateral angle = gles are equal; cyclic-quad op-
. osite angles add to 180°.
= opposite angle = 180° — \p s y,
113° = 67° ) y,
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Vi
N

a
(— Start Tasks Py Y
State the tangent-radius and angle-in-a-semicircle theorems.
( 3\ ( )
1. 2.
\\What is the angle in a semicircle?
<
( 4.
C
’
N
\Fird J \_Find x J

J
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~ Start Tasks — Answers S O

~

( (
1. What is the tangent-radius angle? 2. What is the angle in a semicircle?

Solution C ?ﬁlutionl '
A tangent always " N eangleina
590° meets the radius N semicircle
A\ 0 /B

T at 90°. is always 90°.

. J \_ J
( . N s - =<
3. Find x. 4, Find x.
Solution c Solution
Tangent-radius angle X Angle in a semicircle
T X = 90° A v B x=090°
1\ J 1\ J )
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Q
(— Start Tasks Py Y
Use the centre/circumference theorem to find a missing angle.
( 3 e 3
5. 6.
C C
(A) )
A\ >
| Find x ) Find x )
( ) ( . )
7 . 8. The angle at the centre of a circle
i is 120°. Find the angle at the
'/‘\‘ circumference on the same arc.
A “ B
_ Find x. y, \ y,

J
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~ Start Tasks — Answers S O

( . N - =
5. Find x. 6. Find x.
¢ Solution ¢ Solution
Centre = 2x Centre = 2x
circumference circumference
ASOOB X =80-+2=140° A X B X =2 x50 =100°
. J \_ J
( R \ ( ) ) ~\
7. Find x. 8. The angle at the centre of a circle is
C . 120°. Find the angle at the
Solution circumference on the same arc.
Centre = 2x Solution
circumference Circumference = centre =2
AGOOB X:60—2:30 :12072:600
L J \ /)
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Q
(— Start Tasks Py Y
Use the same-segment and cyclic-quadrilateral theorems to find a missing angle.
( 3 e 3
9. 10.
C D
m
AN_ 7B
\Eind x J \Findx J
( w ( . . . )
1. 12. Opposite angles in a cyclic
quadrilateral are x° and 70°. If they
sum to 180°, find x.
Fird 7N /
J
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— Start Tasks — Answers

U\

g
e - N e - D
9. Find x. 10. Find x.
c D Solution A B solution
Angles in the same Opposite angles sum
segment to 180°
A B are equal: x = 53° D C X =180 — 102 = 78°
g J L J
( . ) ( . . . )
11. Find y. 12. Opposite angles in a cyclic
. quadrilateral are x° and 70°. If they
A B Solution sum to 180°, find x.
‘ v Opposite angles sum solution
E- to 180° X+ 70 = 180
D C y:180—88=920 X = 110°
J

J
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(" Build Tasks

x

™

Form and solve an equation from the tangent-radius or semicircle theorem.

e

N

r

J

1. 2.
C
A
o A B
T
\ Find-pn J \_Find d J
( ) ( N
3. 4,
15
T
\ Cind ~ J \_Find e
LI LA "T)

J
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— Build Tasks — Answers

( . N - =
1. Find p. 2. Find d.
. C .
Solution - o Solution
_ (ld\1) 1=
+6)O§g—:~_%4_:20p:28 AB gg:gliodilii
T
. J . J
( N ( ~\
3. Find c. 4, Find e.
. C .
Solution i o Solution
¢ — 15)%¢ — 15 = 90 (BeP\8) get%:%_M
T 5c=105=c=21 AB e = = e =
\ 1\ J 1\ J
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(" Build Tasks Y

Form and solve an equation from the centre/circumference theorem.

r \ A
5. 6.

C C

\_Find x J  (Find v.

J
e ) N ( ; )
7. The centre angle is (9m + 3)°. The 8. The centre angle is 140°. The
same-arc circumference angle is circumference angle is (4n — 10)°.
(3m +9)°. Find m. Find n.
. J \ J

J
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~ Build Tasks — Answers P Y I

s N s D
5. Find x. 6. Find y.
¢ C
Solution Solution
5x =2(x+9) 6y — 4 = 2(2y +8)
(X ° 3X=18=x=6 o 2y =20=y=10
Asx° E - 4&0
\ J/ \ J
( ) ( ~\
7. The centre angle is (9m + 3)°. The 8. The centre angle is 140°. The
same-arc circumference angle is circumference angle is (4n — 10)°.
(3m +9)°. Find m. Find n.
Solution Solution
9m + 3 =2(3m +9) 140 = 2(4n — 10)
Im=15=m=5 8n =160 = n =20
\ \ J L ) )
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(" Build Tasks Y

Form and solve an equation from the same-segment or cyclic-quadrilateral
theorem.

e N\ N

9. 10.

\_Eind.-a J \_Eind-b J
N

>
(1. Two angles in the same segment 12. Opposite angles in a cyclic
are (6r —5)° and 73°. Find r. quadrilateral are (2s + 14)° and
(s +76)°. Find s.

_ \ y, \_ y,
Circle theorem [+) manamaths.co.nz
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o 3
~ Build Tasks — Answers P Y I
e - N s - D
9, Find a. 10. Find b.
C D . A B .
Solution Solution
20+ 7 =051 )° 4b — 8 4+ 96 = 180
( 20 =44 = a =22 4b =92 = b =123
A B D C
. J \_ J
( . w ( . . . \
11. Two angles in the same segment 12. Opposite angles in a cyclic
are (6r—5)° and 73°. Find r. quadrilateral are (2s + 14)° and
Solution (s+76)°. Find s.
6r—5=13 Solution
6r=78=r=13 254+ 14 +5s+ 76 = 180
35s=90=s5=30
\ \ J . J )
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Q

(" Push Tasks LYY Y

Chain the centre/circumference theorem with the base angles of isosceles
triangle OAB (radii OA = OB).

™

( N (

1. 2.

/\ /N

L Find x, then the base angles. L Find y, then the base angles.

.

s s p
3. A centre angle is (5x — 8)°, and 4, Tangent at P; radius OP; chord PQ

the same-arc circumference angle with OP = 0Q; Z0QP = 34°. Find
is (2x + 10)°. Find x. the angle between the tangent and
PQ.
\ y, \_ y,
© manamaths.co.nz
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~~ Push Tasks — Answers LYY Y R

( )

s N
1. Find x, then the base angles. 2. Find y, then the base angles.
c Solution c Solution
X =116 +2 = 58° y=140+2="170°
ANOAB: AOAB:
2xbase+116 = 180 A B 2xbase+140 = 180
A B Baseangles = 32° 1300 Base angles = 20°
each each
g J L J
s N\ N
3. A centre angle is (5x — 8)°, and the 4, Tangent at P; radius OP; chord PQ
same-arc circumference angle is with OP = 0Q; Z0QP = 34°. Find the
(2x + 10)°. Find x. angle between the tangent and PQ.
Solution Solution
5X — 8 = 2(2x + 10) AOPQ isosceles: Z0PQ = 34°
X = 28 Tangent-radius = 90°
Angle = 90 — 34 = 56°
U\ J \. J
Circle theorem
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" Push Tasks

6666 )

Chain the cyclic-quadrilateral theorem with the centre/circumference theorem or

the quadrilateral angle sum.

x°,95°,65°,y° in order around the
circle. Find x and y.

.

(5. A cyclic quadrilateral has angles )

(6. A cyclic quadrilateral has one
angle 128°. Its two adjacent angles
are equal to each other. Find those
two angles.

\ J

(7. In a circle, centre angle
AOC = 140°. ABCD is a cyclic
quadrilateral, B on the major arc.
Find ZABC, then ZADC.

_ \

/

(8.1na circle, cyclic quadrilateral
ABCD has ZADC = 118°, B on the
major arc. Find ZABC, then centre
angle ZAOC.

L J/

J
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— Push Tasks — Answers

8666

5. A cyclic quadrilateral has angles
X°,95°,65°,y° in order around the
circle. Find x and y.

Solution

X+65=180=x=115

95 +y =180 =y =85

'

S
6. A cyclic quadrilateral has one angle
128°. Its two adjacent angles are
equal to each other. Find those two
angles.

Solution

Adjacent pair is opposite each other,
so they sum to 180°

Equal = 90° each
/

J\.

Y4

Y4

U\

7. In a circle, centre angle AOC = 140°.

ABCD is a cyclic quadrilateral, B on
the major arc. Find ZABC, then ZADC.
Solution

ZABC =140 =2 =70°

/ADC =180 — 70 = 110°

<
8. In a circle, cyclic quadrilateral ABCD
has ZADC = 118°, B on the major arc.
Find ZABC, then centre angle ZAOC.
Solution

/ABC =180 — 118 = 62°

/ZAO0C =2 x 62 =124°

J

J
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(" Push Tasks 00dd )

Explain and correct errors in circle-theorem reasoning.

(9. A student says: "The centre angle ) (10. A student says a 100° angle can )
is 150°, so the same-arc stand in a semicircle. Explain why
circumference angle is 85°." Explain this is impossible.
the error and give the correct
answer.

\§ J L J
( . . N ( . . )
11. A cyclic quadrilateral has equal 12. Explain how the tangent-radius,
opposite angles, x° and x°. A semicircle, and cyclic-quadrilateral
student says this is only possible if theorems are all connected by right

x = 90. Is the student correct? angles in circle geometry.
Explain.
g J \ J

J
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A @ @ Q
— Push Tasks — Answers O00O )
e ) s D
9. A student says: “The centre angle is 10. A student says a 100° angle can
150°, so the same-arc circumference stand in a semicircle. Explain why this
angle is 85°." Explain the error and is impossible.
give the correct answer. Solution
Solution The angle in a semicircle is
Circumference = centre <2, not always exactly 90° (Thales),
centre—65 50 100° is impossible
Correct: 150 +~ 2 = 75°
L J L J
( ) ( N
11. A cyclic quadrilateral has equal 12. Explain how the tangent-radius, semicircle,
opposite angles, x° and x°. A student and cyclic-quadrilateral theorems are all
says this is only possible if x = 90. Is ;‘;T:tei;:]ed by right angles in circle geometry.
the student correct? Explain. Tangent-radius = 90° always. A diameter’s 180°
Solution centre angle halves to 90°. Opposite arcs’ 360°
Correct: opposite angles sum to 180° halves to a 180° angle sum.
X+ x =180 = x = 90 always
\. J \. ,
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