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Maths Challenge 
Intermediate: Years 9–10 
Practice Problem 

Three students each draw a circle of radius 12 cm with centre O. 
Then they draw four circles inside this circle which may touch but 
not overlap.

b.

a.

c.

Student A draws the first interior circle with a radius of 4 cm so that 
it touches the large circle. She then draws the remaining three 
interior circles in turn. Each has a radius of 4 cm and touches the 
large circle and the most recently drawn small circle. 

When viewed from O, what fraction of the circumference of the 
large circle is blocked by the interior circles?

Student B also draws the four interior circles with radius 4 cm. Their 
centres are all the same distance from O, and the circumference of 
the large circle is entirely blocked by the interior circles when 
viewed from O. How far are the centres of the interior circles from 
O?

Student C draws two circles of radius 4 cm with their centres on a 
diameter of the large circle and each at distance 5 cm from O. She 
then draws two more circles, this time each of radius 3 cm, so that 
the circumference of the large circle is entirely blocked by all four 
interior circles when viewed from O.
What are the minimum and maximum distances from O to the centre 
of a circle of radius 3 cm?

I6: Blocking Circles
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Alternative 1
Each of the small circles blocks the same amount of circumference 
from O. In the diagram, OA and OC are tangents to the small circle 
with centre P.

So ∠OQP = 90°. Also PQ = 4cm and OP = 12 - 4 = 8 cm. Hence 
reflecting  ∆OQP about the line OQ produces an equilateral triangle 
(with side length 8.) Therefore ∠AOP = 30°. Similarly, ∠COP = 30°

So the fraction of the circumference of the large circle that is 
blocked from O by one small circle is 
(30 + 30) / 360 = 60 / 360 = 1/6. Hence the fraction of the 
circumference of the large circle that is blocked from O by all 
four small circles is 4 / 6 =  2 / 3. 

Alternative 2
In the diagram, P , Q, R, S are the centres of the four small circles 
and OU, OV are tangents to two of them.

Solutions

Since OP = OQ = 12 − 4 = 8 cm and PQ = 4 + 4 = 8 cm, ∆OPQ is 
equilateral. Hence ∠POQ = 60°. Similarly, ∠QOR = 60° and 
∠ROS = 60. Since PU + 4 cm and PUO = 90°, ∆OPU is half an 
equilateral triangle. Therefore ∠UOP = 30°. Similarly, ∠SOV = 30°.
Hence the fraction of the circumference of the large circle that is 
blocked from O by the four small circles is (30+60+60+60+30)/360 = 
240/360 = 2/3.



Each of the small circles blocks the same length of circumference 
from O. So each blocks exactly one quarter of the circumference. 
Hence each small circle touches two perpendicular diameters of the 
large circle. So their centres form a square of side length 8 cm as 
shown.

b.

From Pythagoras’ theorem, the diagonal of the square is 
√64 + 64 = 8√2 cm. So the distance from O to the centre of each
small circle is 4√2 cm.

c.We first find the minimum distance from the centre O to the centre of
a circle of radius 3 cm.

Let P and Q be the centres of the circles of radius 4 cm. Since the
interior circles cannot overlap, a circle of radius 3 cm will be closest to
the centre of the large circle when it touches both circles of radius 4
cm. Let R be the centre of the circle of radius 3 cm. Then
RP = 3 + 4 = 7 cm = RQ.
Since OP = OQ, triangles ROP and ROQ are congruent. So R will be
on the diameter of the large circle that is perpendicular to the
diameter through P and Q. In this configuration, the circumference of
the large circle is entirely blocked by all four interior circles when
viewed from O.

Applying Pythagoras' theorem in ∆OPR gives 
OR = √PR - PO = √49 - 25 = √24 = 2√ 6 cm
So the minimum distance from the centre O to the centre of a circle if 
radius 3 cm is 2√6 cm.
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Now we find the maximum distance from the centre O to a circle of 
radius 3 cm.
Let P and Q be the centres of the circles of radius 4 cm. Draw the 
tangents to these circles through O. The diameter through P and Q 
bisects two of the angles between these tangents.

For the circumference of the circle of radius 12 cm to be 
entirely blocked, the two circles of radius 3 cm must touch these 
tangents. So the centre of each of the circles of radius 3 cm is 
equidistant to these tangents and therefore on their angle bisector. 
Hence the centres of each of the circles of radius 3 cm must lie 
on the diameter of the large circle that is perpendicular to the 
diameter through P and Q.
Let R be the centre of a circle of radius 3 cm as shown. The 
tangent from O to the circle of radius 4 cm meets that circle at A 
and the circle of radius 3 cm at B. The diagram is not drawn to 
scale.

Since ∠ROQ = 90° and triangles OBR and OAQ are right-angled, 
∠BOR = 90° - ∠AOQ = ∠AQO. Applying Pythagoras' theorem to 
∠OAQ gives OA =  OQ  - AQ = 25 - 16 = 9. So OA = 3 cm = BR. 
Hence triangles BOR and AQO are congruent. Therefore 
OR = OQ = 5 cm. 
So the maximum distance from the centre O to the centre of a circle 
of a radius is 5 cm.
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