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Objective A. Angles at the centre and circumference
Keywords: theorem, centre, circumference, subtended….

Objective A: understanding and applying the relationship between the angle subtended by an arc at the 
centre and the angle subtended by an arc at the circumference

Theorem A: The angle subtended by an arc at the centre is twice the angle subtended by the same arc at 
the circumference

          

Simply put, the angle at the centre is double the angle at the circumference.

Example A

Worked example 1: Calculate the missing angle  .

      
        

Theorem A states that           , therefore

            

Worked example 2: Calculate the missing angle  .

      
         

Theorem A states that           , therefore

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    



Proof of  Theorem A:

Let     be the angle at the centre subtended by the arc   and 

    be the corresponding angle at the circumference. 

If we draw the diameter   , then we can consider two isosceles

triangles,     and    , with equal sides OK, OG and OH, which are

all radii. Set       and       .  Therefore,         .

Then, since the triangles    and    are isosceles,

we can conclude that       and       . 

Now me must remember that the angles of a triangle always 

add up to     . With this fact in mind, we can conclude that 

            and              . 

Finally,        and        because angles on a straight line

always add up to     . As the figure on the side shows, we have 

reached the conclusion that the angle at the centre,     , is equal to 

                , which means that the angle at the centre

is twice the angle at the circumference:           .

Remember: in an isosceles 
triangle, the angles opposite to 
the equal sides are equal. 

radii



Practice A

2) In the diagram, O is the centre of the circle. A, B 

and C are points on the circle. 

Find the size of angle CBA. 

1)  ,  and  are points on the circumference of a circle, 

centre  .   is a diameter of the circle.

Give a reason why angle        .

3)  ,  and  are points on a circle, centre  . 

Angle        . 

Write down the size of angle    

Assessment A

1) 

2) 

3) 



Objective B. Angles in the same segment
Keywords:  circumference, subtended

Objective B: understanding and applying the relationship between the angles at the circumference  
subtended by the same arc

Theorem: the angles at the circumference subtended by the same arc are equal, or, angles in the same 
segment are equal 

Example B

Calculate angles p and q

Angles in the same segment are equal

Proof of  Theorem B

Let the obtuse angle 

Using the circle theorem (Theorem A), the angle is twice
the angle at the circumference.

Angle                     and angle 

Therefore 

=

=

40

52

q

p

A

B

C

D

xMOQ 2=

xMNQ = xMPQ =

MPQMNQ =

BCDBAD =



Practice B

1) What can you tell me about the angles in this circle?
Knowing that the angles add up to 128, work out each angle degree.

2) Which angle and triangle facts are needed in the following?
Work out the unknown angles : a, b, c, d and e. 

Assessment B

A, B, C and D are points on a circle. Angle                      and 

Find the size of angle 

= 40BAC = 55DBC

DAC

A 40° B 80° C 55° D 110°

Extension: Identify and justify which circle theorems you would need to find  and  



Objective C. Cyclic quadrilaterals
Keywords: quadrilateral

Objective C: understanding and applying the relationship between the angles of a cyclic quadrilateral

Theorem: The opposite angles in a cyclic quadrilateral add up to 180°

Example C

Calculate the angles a and b.

The opposite angles in a cyclic quadrilateral add up to 180°

Proof of  Theorem C

Let angle                  and angle 

The angle at the centre is twice the angle at the circumference (Theorem A)

The reflex angle                    and the angle          

Angles around a point add up to 360°

So 

Study tip
A cyclic quadrilateral is a quadrilateral 
drawn inside a circle, which every 
vertex must touch the circumference 
of the circle 

=+

=+

180

180

db

ca

=+

=+

180140

18060

b

a

=−=

=−=

40140180

12060180

b

a

xCDE = yEFC =

xCOE 2= yCOE 2=

=+ 36022 yx

=+ 180yx



Extension: Identify and show the working out to find the angle ABC in terms of y.

Practice C

1) Work out the missing angles

2) In the diagram, O is the centre of the circle.

a) Explain why 

b) Work out the size of          , give reasons in your working 

Assessment C

Find the angles      and 

=− 180303x

CDO

Study hint
Revise previous circle 
theorems 

x y

A x=88°
y=88°

B x=92°
y=88°

C x=88°
y=92°

D x=90°
y=90°



Objective D. Angles in a semicircle
Keywords: theorem, centre….

Objectives D: understanding and applying the fact that the angle at the circumference in a semicircle is 
always a right angle, i.e.    .

Theorem D: The angle at the circumference in a semicircle is always a right angle, i.e.    .

Example D

Worked example 1: calculate the angle  .

By the theorem, the angle at the circumference in a 
Semi circle is    , i.e.         .

Since the angles in a triangle add up to     , we have

              

Therefore,                   .

Proof of  Theorem D

Since   is the diameter of the circle, the angle     is the angle 
on a straight line, which implies that          .

Now,     is an angle at the centre that is subtended by the same 
arc that subtends the angle at the centre     . Therefore, 
          by Theorem A.

This implies      
 

 
     

 

 
          

   

        .

Attention!
Do not forget the other theorems that 
you have seen so far can also be used!



Practice D

Exercise 1:

Exercise 2:

Assessment D

Extension:

Study tip
Do not forget to stay on the look for 
the other theorems as well!

What is the value of BDC?

            



Objective E. Tangents and circles
Keywords: tangent, radius, isosceles, quadrilateral, congruent

Objective E: understanding and applying the relationship between a tangent and a radius and 
the relationship between tangents at the same point  

Theorem: a) The angle between a tangent and a radius is 90°; b) tangents which meet at the 
same point are equal in length. 

a)                                                                     b)

Example E

Calculate the angles EFG and FOG

Triangle GEF is an isosceles triangle.

The angle between the tangent and the radius is 90°

FOGE is a quadrilateral. The angles in a quadrilateral add up to 360°

Proof of  Theorem E

The angle between the tangent and the radius is 90°; 

AO and OC are both radii of the circle, they have the same length

Drawn the line OB. It creates two congruent triangles: OCB and OAB.

OB=OB, OC=OA and OCB=OCB

Congruent triangles are identical.

So CB=AB

BCAC =

=
−

== 80
2

20180
EFGFGE

== 90EGOEFO

=−−−= 160209090360FOG

BAOBCO =

Study hint
Revise congruent definition or the 
RHS rule



Practice E

1) Work out the unknown variables.

2) Calculate x and y. Show your working out.

Assessment E

Work out the value of x

A 45° B 22.5° C 135° D 90°

Extension: List the circle theorems you need to calculate x. Show the process to work out x.



Objective F. Chords
Keywords: bisect, chord, hypotenuses, midpoint, perpendicular, Pythagoras’ theorem , radius

Objective F: understanding and applying the relationship between a chord and the perpendicular from 
the centre of a circle

Theorem: the perpendicular from the centre of a circle to a chord bisects the chord

Example F

A circle has a radius of 5 cm. The chord EF is 7 cm. How far is the midpoint of the chord from the centre of 
the circle?

The two radii OE and OF are the hypotenuses of 2 right-angled triangles.

The distance FM is half the length of the chord. (The perpendicular from the centre of a circle to a chord 
bisects the chord.)

FM = 3.5 cm

Use Pythagoras’s theorem to calculate the length OM.

Proof of  Theorem F

In the diagram below, AB is the chord of a circle with centre O. OM is the perpendicular from the centre to 
the chord.

Look at triangles OAM and OBM. The hypotenuses (OA and OB) are same,
As they are both the radius of the circle.

OM is common to both triangles. OMA and OMB are both right angles.

Triangles OAM and OBM are congruent (RHS), so it follows that AM = MB.

Therefore, M is the midpoint of AB, and the chord has been bisected.

cmOM

OM

OM

OMFMOF

6.3

75.12

5.35
2

222

222

=

=

+=

+=



Practice F

1) Work out the length of the AB chord

2) Calculate the radii of the following circle.

Assessment F

Which theorem would you use to obtain the length of OP?

A

B

A Tangent B Chords C Pythagoras’ D Angles at the centre and 
circumference

Extension: Two circles with the same centre have a radii of 7 cm and 12 cm respectively. A tangent 
to the inner circle cuts the outer circle at A and B. Find the length of AB 

7cm

A

B



Objective G. Alternate segments
Keywords: theorem, centre….

Objectives G: understanding and applying the relationship between the angles obtained from a 
tangent and a chord

Theorem G: The angle between a tangent and a chord is equal to the angle in the alternate segment.  

Example G

Worked example: 
Calculate the missing angles  ,  and  .

 is the angle is a semicircle, so      by Theorem D.

Also, since the angles in a triangle add up to     , we have
                  .

Finally,    because of Theorem G, as  is the angle between 
the tangent and the chord and  is the angle in the alternate 
segment. Thus,       .

tangent

equal angles

Study tip
Revise the past theorems, especially 
Theorem D!



Proof of  Theorem G

Let us consider the angle     , which is defined 
by the tangent   and the chord   and set       .
Let also draw the radii    and   , which imply that 
the triangle    is isosceles.

By Theorem E we know that the radius   and the
tangent   are perpendicular because they meet 
at the point  . Thus, the angle     must be equal
to      .

Since the triangle    is isosceles, we must also have 

          .

Again, the angles in a triangle add up to     , so 

                        .

Finally,     is an angle at the circumference 
subtended by the arc that subtends the angle at 

the centre        , which Theorem A tells us
to be twice     . Thus, in conclusion

     
 

 
     

 

 
     , as requested.

Practice G

Exercise 1:



Exercise 2:

    is a cyclic quadrilateral. 
       
   is a tangent to the circle. 
Work out the value of  . 

Exercise 3:
 , B and  are points on the circumference of a circle. 
  is a diameter, 
   is a straight line, 
AP is a tangent to the circle.  
        
Work out the value of angle    , 
marked  on the diagram.

Assessment G

Study tip
Remember to provide a motivation 
for your answer

Extension:
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