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Solutions to the European Kangaroo Pink Paper

1. D ,  and 
so .
P = 6 + 12 + 20 = 38 Q = 4 + 9 + 16 = 29 R = 2 + 6 + 12 = 20

R < Q < P

2. A Because the sum of the numbers at the ends of each
segment is always the same, the two vertices next
to the 4 must be given the same number, say .
Then the sum of each edge on the lattice is .
Every vertex adjacent to a  will be numbered 4;
and every vertex adjacent to a 4 will be numbered
. This means there is an alternating sequence of

 round the perimeter of the lattice.
The vertex numbered 1 will be numbered  in this
sequence, so . Continuing round to , we see
the vertex is numbered 1.

y
y + 4

y

y
4, y,  4, y, …

y
y = 1 x

4
4

4

4

4
4

4

4

4

=1

x = y

y
y

y

y
y

y

y

y

3. C The width of a rectangle with area  and height 24 cm is .
This is the width of 5 tiles, so each tile is 3 cm wide, and since it is square, 3 cm high.
The area of such a tile is .

360 cm2 360 ÷ 24 = 15cm

9 cm2

4. D Since the digits add up to 4, the first digit must be 1, 2, 3 or 4.
The only one starting with 4 is 4000.
Those starting with 3 are 3100, 3010 and 3001.
Those starting with 2 have either two 2s or one 2 and two 1s: they are 2200, 2020,
2002, 2110, 2101, 2011.  In descending order, they are 2200, 2110, 2101, 2020,
2011, 2002.
Those starting with 1 are all smaller than 2011, so can be ignored.
So 2011 is in 9th position.

5. C Label the horizontal line segment , and the vertical
line segment . A rotation of  anticlockwise about

, or  clockwise about  would map  onto .

PQ
RS 90°

U 90° W PQ RS

When a rotation is performed, the distance of any point
from the centre of rotation is preserved. Hence 
cannot be a centre because it is a distance of 1 unit
from R, but more than 1 unit from  and . Similarly 
is less than 2 units from  and , but more than 2 units
from . So only  and  can be centres.

T

P Q V
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Q U W

6. C The interior angles of a regular hexagon are all 120°. At any vertex of the hexagon,
there are two squares and a triangle, so the angle of the triangle at that point must
be .  Hence the other two angles of the triangle must
add to . The triangles are isosceles since they have two edges of
length 1 unit, so the other two angles are equal and must be 60°. Therefore the
triangles are equilateral.

360° − 120° − 90° − 90° = 60°
180° − 60° = 120°

Since the component shapes are all regular, every edge is 1 unit. The perimeter is
then 12 units long.
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12. E The average of all the marks is .  We must therefore remove two marks

that have an average of 12. The only two marks with this property are 10 and 14.

96
8

= 12

13. B Since Barcelona only let in one goal, the result of the game they lost must be 0-1
and the result of the game they drew must be 0-0. They scored three goals in total
and hence the result of the game they won must be 3-0.

14. D Let the square have side .  Label each rectangle and its
sides as shown where the units are cm.  The perimeters are:

x cm

A B C
2 (a + b) 2 (a + c) 2 (a + d)
D E F
2 (e + h) 2 (f + h) 2 (g + h)

Thus the total of the perimeters is:

A

B

C

D

E

Fa

b

c

d

e

f

g

h

2(a + b + a + c + a + d + e+ h + f + h + g + h) =
.2(3(a + h) + (b + c + d) + (e+ f + g))

But .  Thus the perimeter is .a + h = b + c + d = e+ f + g = x 2(3x + x + x) = 10x
So  which means that the area of the paper is .x = 12 144 cm2

15. C Since  has length 2 cm, the point  must have a
perpendicular distance of 1 cm from  so that the area of
triangle  is . If the right angle is at , then two
points,  and , can be chosen, 1 cm directly above and
below the point . Similarly, if the right angle is at , we
obtain the points  and .  Finally,  is a right angle
when  lies on the circle whose diameter is . Since 
must be 1 cm above or below the line , it must lie directly
above or below the midpoint of . This gives  and  as
shown.  Lali can therefore draw 6 different points.
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16. B Since  is a positive number less than 1 and  is greater than 1, then 
and . The value of  is always greater than 1 and is also
always greater than the value of . Hence the largest value is .

a b a × b < b
a ÷ b < a < 1 a + b

b a + b
OR
Since , then .  Also .
Hence  has the largest value. 

0 < a < 1 < b a ÷ b < a < b < a + b a × b < b
a + b

 
17. E To be divisible by 5, the last digit must be 0 or 5. To be divisible by 4, the last two

digits must be a multiple of 4. There are no multiples of 4 with a units digit of 5 and
hence . So the five-digit number is 2480. To be divisible by 9, the sum of the
digits must be a multiple of 9. The sum of the digits is . The smallest  can
be is 0 and the largest  can be is 9. Therefore the sum of the digits is between 14
and 23. The only multiple of 9 in this range is 18 and therefore  and .

Y = 0 X
14 + X X

X
X = 4 X + Y = 4

18. D By inspection, it is possible to spot the answer is shape D. We can
justify this as follows: When Lina places any of the other shapes on the
empty part of the board, the shape must cover at least one square on the
bottom row so that Lina cannot place shape C on the board.
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Solutions to the European Kangaroo Grey Paper

1. A The calculation becomes .12 ÷ 3 − 4 ÷ 2 = 4 − 2 = 2

2. B So that there are 8 white stripes, there must be 7 black stripes so that the crossing
starts and ends with a white stripe. This makes 15 stripes in all and the total width
of the crossing is  m.15 × 0.5 = 7.5

3. C The next time that uses the digits 0, 1, 1, 2 in some order is 21:01. This is 50
minutes later.

4. E Since the last house on the ‘even’ side is numbered 12, there are 6 houses on the
even side. There are therefore 11 houses on the ‘odd’ side and the eleventh odd
number is 21.

5. C The diagram is constructed from four small squares, each of which has at least one
side in common with another small square. So Ria must place the extra small 
square so that it has a side in common with one of the
existing squares. Ria can form three new shapes with
a line of symmetry, as shown.

6. A If Felix caught 6 or more fish on day 3 then, since he caught 12 in total, he must
have caught 6 or fewer on the previous two days; but this contradicts what we are
told. So he must have caught 5 or fewer on day 3.   If he caught 4 or fewer on day
3, then, since the numbers increase day by day, he would have caught fewer than
12 fish in all.  So 5 is the only possibility for day 3, with 3 and 4 being the numbers
of fish caught on days 1 and 2 respectively.

7. B The largest three-digit number whose digits sum to 8 is 800 and the smallest is 107.
The sum of these is 907.

8. D The diagram on the right shows how the shape can be dissected
into sixteen congruent triangles. The small square has been
dissected into four triangles, each of area .
The difference in area between the medium and the large
square is eight of these triangles, that is .

6 ÷ 4 = 1.5 cm2

8 × 1.5 = 12 cm2

9. C .
2011 × 2.011
201.1 × 20.11

×
1000
1000

=
2011 × (2.011 × 1000)

(201.1 × 10) × (20.11 × 100)
=

2011 × 2011
2011 × 2011

= 1

10. C Marie's nine pearls have a total weight of 45 grams. The total weight of pearls on
the four rings is 42 grams. Hence the weight of the remaining pearl is 3 grams.

11. A Label the regions 1 to 5 as shown in the diagram.
Region 1 must be coloured yellow as it touches a red, a
green and an orange region. Then region 2 must be
coloured red as it touches an orange, a yellow and a
green region. Now region 3 must be coloured green as
it touches an orange, a yellow and a red region. Then
region 4 must be coloured orange as it touches a
yellow, a red and a green region. Now region 5 must be

1

2

3

4

5

X
G
R O

coloured yellow as it touches a green, an orange and a red region. Finally, region X
must be coloured red as it touches a green, an orange and a yellow region.
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7. E The touching faces on the two lower dice add to five, so are certainly both less than
5. And since the 1-spot is visible on the lowest die, its upper face could be 2, 3, or 4.
We can then proceed, as shown in the table, using the facts that the touching faces
add to 5, and opposite faces on a die add to 7. The only possibility for the top face of
the top die is 6.

 
 
 
 
 
 
 
 

Upper face of 
bottom die. 

Lower face 
of middle die

Upper face of 
middle die 

Lower face 
of top die 

Top face of 
top die 

     

   Can’t add to 
5 

 

   Can’t add to 
5 

 

Add to 5 Add to 5 Add to 7 Add to 7 

8. B The month included four complete weeks, and three more days: Monday, Tuesday,
Wednesday, totalling 31 days – the longest possible for any month. Hence it must
have begun on a Monday, and ended on the fifth Wednesday. Then the previous
month ended on a Sunday, but only had four Sundays, so was at most four weeks
long; it must have been February since all other months are more than 28 days
long. Then the month after is April, beginning on Thursday. Having 30 days, it will
contain four complete weeks, and an extra Thursday and Friday. From the options
available, B is the only correct one.

9. B One overtaking procedure would swap the positions of two participants, while two
would return them to their original positions. Michael and Fernando have an odd
number of overtakings, so Fernando ends ahead of Michael; Fernando and
Sebastian have an even number of overtakings so Fernando remains ahead;
Michael and Sebastian have an odd number of overtakings so Sebastian ends ahead
of Michael. They must finish in the order: Fernando, Sebastian, Michael.

10. A  so , and we must have
 so .

9n = (32)n = 32n 9n + 9n + 9n = 3 × 32n = 32n + 1

2n + 1 = 2011 n = 1005

11. C The difference between the volume of the two cubes is
.(a + 1)3 − a3 = 3a2 + 3a + 1 = 217

Therefore , and so .3a2 + 3a − 216 = 0 a2 + a − 72 = 0
So , giving  since  cannot be negative.(a + 9) (a − 8) = 0 a = 8 a
Therefore the smaller cube has volume .83 = 512 cm3

12. A Because the slant height of the cone is the same as the
diameter of its base, the cross-section of the cone is an
equilateral triangle, as shown. The cross-section of the
sphere is the incircle of the triangle and has radius 15 cm. 
By the symmetry of the figure ,
and hence, triangle POR has angles ,  and  (so it is
half of an equilateral triangle). Hence  is twice  and
hence is 30 cm. Since , it follows that  is

. This is the height of the cone.

∠POR = 360° ÷ 6 = 60°
90° 60° 30°

OR OP
OT = OR PT

15 + 30 = 45 cm

15
15

O

S

T

P
Q

R

[Alternatively: You may know that the medians of a triangle intersect at one third
of their heights, so  is one third of the height.]OP = 15 cm
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13. E Since one row and one column have no draughts, we need only consider the other
rows and columns.  If there is more than 1 draught in the bottom right 
square, that would mean there were 2 there, one in each of the two columns and
rows involved. So there would be no draughts at the top of those two columns and
none at the left hand end of those two rows.  So the only place where there could be
another draught is the top left hand corner. But the top row needs two draughts.
Hence there is at most one draught in the bottom right  square.

2 × 2

2 × 2
If the bottom right  square has no draughts, then there must be one at the top
of each column numbered 1, and one at the start of each row numbered 1. 

2 × 2

Otherwise there are four possible places for one draught in the bottom right square,
each of which forces the positions of the remaining draughts. Hence there are five
possibilities shown below.
 
 
 
 
 
 

2
0
1
1

1102

2
0
1
1

1102

2 
0 
1 
1 

1 102

2
0
1
1

1 1 0 2 

2
0
1
1

1102

14. E The 111 numbers between 289 and 399 inclusive all contain at least one odd digit
(288 and 400 do not have odd digits). This occurs again every 200 numbers (from
489, from 689 and from 889). So there are 4 runs of 111 numbers with at least one
odd digit, and the gaps between are not big enough to contain a longer run (the gap
from 100 to 289 is long enough but contains numbers with no odd digits, e.g. 200).

15. D Let the missing numbers be , ,  and  as shown. The top left
 square adds to 10 so . Similarly the bottom

right  square adds to 10 so . Hence
.

a b c d
2 × 2 a + b = 7

2 × 2 c + d = 5
a + b + c + d = 12

1 a

4

b 2

d

c

0

3

16. A A pair of straight lines intersects at most once, but Adeline's and Carole's roads
intersect twice so one of them must be Curvy Street; similarly Adeline's and
Benjamin's roads intersect twice so one of them must also be Curvy Street.
Therefore Adeline lives on Curvy Street.

17. B We can convert the five fractions into equivalent fractions with the same numerator
by multiplying both the numerator and the denominator of the first two by 6, the

next two by 3 and the last by 2, giving: , , , , .

Since  and  are greater than 1, these are all positive, so the fraction with the
smallest denominator will have the greatest value. Clearly  is the smallest,

so  has the greatest value.

6x

6y + 6
6x

6y − 6
6x

6y + 3
6x

6y − 3
6x

6y + 2
x y

6y − 6
x

y − 1

18. D By dividing the front face of the cube into 16 congruent squares,

it is easily seen that the area of the stickers is  of the area of

the whole front. There are six faces, each with area  so

the total area of the stickers is .

6
16

100 cm2

6
16

× 100 × 6 = 225 cm2
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Professor Colin Maclaurin
February 1698 − June 1746

The most significant Scottish mathematician and
physicist of the eighteenth century, Colin Maclaurin was
only 11 years old when he first attended the University
of Glasgow.  There he came into contact with the
Professor of Mathematics, Robert Simson, whose
enthusiasm and interest in geometry was to influence the
young boy.  After graduating in 1713, Maclaurin
remained in Glasgow for a further year to read divinity
(at that time intending to enter the Presbyterian Church).
He then continued to study mathematics and divinity
whilst staying with his uncle, the minister at Kilfinnan
on Loch Fyne.

Maclaurin was appointed professor of mathematics at
Marischal College in the University of Aberdeen in
1717, aged 19.  At this time his main interest was in the
mathematical and physical ideas of Sir Isaac Newton; he
met Newton during a visit to London in 1719, the same year that he was elected a fellow of
the Royal Society.  Maclaurin also did notable work in geometry, particularly higher plane
curves, and his first published work was Geometria organica, sive descriptio linearum
curvarum universalis, published in 1720.  One curve still bears his name, the Trisectrix of
Maclaurin.

After two years spent travelling in Europe, during which he was awarded a Grand Prize by the
Académie des Sciences in Paris for his work on the impact of bodies, Maclaurin took up the
post of Professor of Mathematics at the University of Edinburgh in 1725, and remained there
for the rest of his career.  In 1740 he again received a prize from the Académie des Sciences,
this time for a study of the tides. The prize was jointly awarded to four people, including two
other famous mathematicians, Leonhard Euler and Daniel Bernoulli.

In 1742, Maclaurin published the Treatise of fluxions, in which he uses the special case of
Taylor's series now named after him and for which he is best remembered today:

f (x) = f (0) +
f ′ (0)

1!
 x +

f ″ (0)
2!

 x2 +
f ′′′ (0)

3!
 x3 +  · · · .

He also wrote a book of problems for students,Ane Introduction to the Mathematicks, one of
which was used as the basis for question 2 of the 2004 Hamilton Olympiad Paper:

Maritus, uxor, et filius habent annos 96, ita ut anni Mariti et filii, simul
faciant annos uxoris + 15. Sed uxoris cum filii faciant mariti + 2.

Maclaurin defended mathematical education at universities because of its practical
applications, and his own work included gravitation, astronomy, cartography, the structure of
honeycombs and the measurement of the volumes of barrels.  The field of actuarial science
dates back to the calculations he helped to supply when one of the first pension funds was
founded in 1743, the Scottish Ministers’ Widows’ Fund.

Professor Colin Maclaurin: chalk drawing by David, 11th Earl of Buchan; reproduced by permission of
the Scottish National Portrait Gallery.
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Olympiad Maclaurin Paper

All candidates must be in School Year 11 (England and Wales), S4 (Scotland), or
School Year 12 (Northern Ireland).

1. How many positive integers leave a remainder of 31 when divided into 2011?

2. I have 44 socks in my drawer, each either red or black. In the dark I randomly pick two

socks, and the probability that they do not match is .
192
473

How many of the 44 socks are red?

3. The diagrams show a rectangle that just fits
inside right-angled triangle  in two
different ways. One side of the triangle has
length .

ABC

a
Prove that the perimeter of the rectangle is

.2a

A A

B BC Ca a

4. How many solutions are there to the equation , where  and  are positive
integers and  is less than 2011?

x2 + y2 = x3 x y
x

5. Three circles touch the same straight line
and touch each other, as shown.
Prove that the radii ,  and , where  is
smallest, satisfy the equation

a b c c

1
a

+
1
b

=
1
c

.

6. The numbers 1 to 9 are placed in the cells of a  square grid,
one to each cell. In each of the four  blocks of adjacent cells,
such as the one shaded, the four numbers have the same total .

3 × 3
2 × 2

T
What is the maximum possible value of ?T

23

19. C The first digit is equal to the sum of the other four digits, so the sum of the last four
digits must be less than 10. The seven sets of four distinct digits whose total is less
than 10 are: {0,1,2,3}, {0,1,2,4}, {0,1,2,5}, {0,1,2,6}, {0,1,3,4}, {0,1,3,5},
{0,2,3,4}. Once we have picked four digits, they can be arranged in 24 ways (4
choices for the first, 3 choices for the second, 2 for the third and 1 for the last gives

 arrangements).4 × 3 × 2 × 1 = 24
So there are  possible numbers.7 × 24 = 168

20. B Label angles , , , as shown in the first diagram. Since an exterior angle of a
triangle equals the sum of the interior opposite angles,  is greater than  which in
turn is greater than . So we must have at least three different values for the nine
angles. The second diagram shows a triangle where we obtain precisely three
different values. 

x1 x2 x3

x1 x2

x3

120° 

120° 

60°
60°

60°
P Q

S

R

T

x3

x2
x1

21. C If  or  is less than 4, then  and if  and  are both greater than 6, then

. So we need at least one of  to be 4, 5, or 6. The other

fraction will be equal to , or , or . Since 

cannot be expressed as a unit fraction, the possibilities are , ;
, ; , .

x y
1
x

+
1
y

>
1
3

x y

1
x

+
1
y

<
1
6

+
1
6

=
1
3

x, y

1
3

−
1
4

=
1
12

1
3

−
1
5

=
2
15

1
3

−
1
6

=
1
6

2
15

x = 4 y = 12
x = 12 y = 4 x = 6 y = 6

22. A Let  be the area of the small circle ; let  be the
area of the sector  of the circle  and let  be
the area of the triangle . Then the desired area is

. Angle  is  (angle in a
semicircle) so by Pythagoras, , giving

, and so the radius of the small circle is
.

A1 C2 A2

OPQ C1 A3

OPQ
1
2A1 − (A2 − A3) POQ 90°

PQ2 = r2 + r2

PQ = 2r
1
2 2r

Then , A1 = π( 2r

2 )2

= π(2r2

4 ) =
πr2

2

  and .A2 =
πr2

4
A3 =

1
2

× r × r =
r2

2

So the desired area is .
1
2

×
πr2

2
−

πr2

4
+

r2

2
=

r2

2

O

r

r

P

Q

C1

C2
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23. C The four edges use distinct vertices, so all eight vertices
will be used for each set. If we consider vertex , there
are three choices of edge: , , .

A
AB AD AE

Start with . This leaves two choices from :  or
. Choosing  means we have two choices for the

final pairs (  and , or  and ). Choosing 
means we must choose  and .

AB D DC
DH DC

GH EF EH FG DH
EF GC

Hence there are 3 sets of edges when we start with .
There will also be 3 sets if we start with  or , and
these 9 sets will all be distinct, so the answer is 9.

AB
AD AE

A

B C

G

H

D

E

F

24. E It is worth noting that if it is possible to place draughts and get  of them in each
 square, then there are  spaces in each  square. Thus by swapping

draughts for spaces and spaces for draughts, Barbara could also get  draughts
in each  square. So it is sufficient to show that it is possible to achieve 1, 2, 3
and 4 draughts, as demonstrated in the diagrams below.

n
3 × 3 9 − n 3 × 3

9 − n
3 × 3

25. E The prime factorisation of 1188 is , and the current ages of Tor and
Tur could feasibly be any combination of these factors. Assuming Tor is younger
than Tur, their current ages could be:

22 × 33 × 11

Tor: 1, 2, 3, 4, 6, 9, 11, 12, 18, 22, 27, 33
Tur: 1188, 594, 396, 297, 198, 132, 108, 99, 66, 54, 44, 36

Their ages next year will be one more than their current age, so could be:

Tor: 2, 3, 4, 5, 7, 10, 12, 13, 19, 23, 28, 34
Tur: 1189, 595, 397, 298, 199, 133, 109, 100, 67, 55, 45, 37

We are looking for factors of the products of these possible pairs of ages. Now 19
and 23 are in this list, so they might be a factor.  Also 21 divides  and 25
divides 100; so each of them might be a factor.  Could 27 be a factor?  Well the
only numbers listed above which are multiples of 3 are 3, 12 and 45.  None of these
is paired with a multiple of 3.  So the highest possible power of 3 in the product
would be in  – and that product is divisible by 9 but not by 27. Hence 27 is
not a possible factor of the product of their ages.

28 × 45

28 × 45
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Olympiad Hamilton Paper

All candidates must be in School Year 10 (England and Wales), S3 (Scotland), or
School Year 11 (Northern Ireland).

1. If Julie gave £12 to her brother Garron, then he would have half the amount that she
would have. If instead Garron gave £12 to his sister Julie, then she would have three
times the amount that he would have. 
How much money do they each have?

2. The diagram shows two equilateral triangles. The angles
marked  are equal.x°
Prove that .x > 30 x°

x°

3. A particular four-digit number  is such that:N
(a) the sum of  and 74 is a square; andN
(b) the difference between  and 15 is also a square.N
What is the number ?N

4. A square just fits within a circle, which itself just fits
within another square, as shown in the diagram. 
Find the ratio of the two shaded areas.

5. In how many distinct ways can a cubical die be numbered from 1 to 6 so that consecutive
numbers are on adjacent faces?  Numberings that are obtained from each other by
rotation or reflection are considered indistinguishable.

6. Sam wishes to place all the numbers from 1 to 10 in the
circles, one to each circle, so that each line of three circles
has the same total.
Prove that Sam's task is impossible.


