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Junior Mathematical Challenge 2015

a O

1. Which of the following calculations gives the largest answer?

Al-2+3+4 B 1+2-3+4 C1+2+3-4 D 1+2-3-4 E 1-2-3+4

1541 & ©UKMT

1. A The values of the expressions are: A6,B4,C2,D -4, E0.

(Alternative method: since every expression contains the integers 1, 2,3 and 4,
the expression which has the lar gest value is that in which the sum of the
integers preceded by a minus sign is smallest. This is expression A.)

10f18 13/11/2018, 14:01



Junior Mathematical Challenge 2015 http://www.ukmt-resources.org.uk/JMC15.html

a &

2. It has just turned 22:22. How many minutes are there until midnight?
A 178 B 138 C 128 D 108 E 98

1542 @ ©UKMT

2. E At 22:22 there are 60 — 22 = 38 minutes to 23:00. There are then a further 60
minutes to midnight. So the number of minutes which remain until midnight is
38 + 60 = 98.

a a

3. What is the value of 12 345 9
1 +2+3+4+5

Al B 8 C 678 D 823 E 12359

1543 @ ©UKMT
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3 12 345 12345 2469

D The value of -
1+2+3+4+ 5 15

= 823.

a @

4. In this partly completed pyramid, each rectangle is to be 105
filled with the sum of the two numbers in the rectangles
immediately below it. 47
31
What number should replace x? 3
1
A3 B 4 CcCS5s D 7 E 12 9 .

1544 @ ©UKMT

4. A The calculations required to find the value of x are: 105
p=105-47=58;q=p-31=58-31= 27, p | a7
r=47-q = 47 - 27 = 20;
s=r—-13=20-13=7;t = 13- 9 = 4; Sl I
x=s5s—-t=7-4=13. 13 §
(Note that the problem may be solved without 9 t X

finding the values of four of the numbers in the
pyramid. Finding these is left as an exercise for the reader.)
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5. The difference between %of a certain number and LITOf the same number is 3. What is that

number?

A 24 B 36 C 48 D 60 E 72

1545 @ ©UKMT

S. B Let the required number be x. Then ¥ — ¥ = 3. Multiplying both sides by 12
gives4x — 3x = 36. Sox = 36.

a

6. What is the value of x in this triangle?
A 45 B 50 C 55 D 60 E 65

1546 @ ©UKMT
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6. B The sum of the exterior angles of any polygon is
360°. Soy =360 - (110 + 120) = 360 -230 = 130.
The sum of the angles on a straight line is 180°, so
x = 180 — y = 180 — 130 = 50.

a a

7. The result of the calculation 123 456 789 x 8 is almost the same as 987 654 321 except that
two of the digits are in a different order. What is the sum of these two digits?

A3 B 7 cCo9 D 15 E 17

1547 @ ©UKMT

7. A The units digit of 123456 789 x 8is 2,since 9 x 8 = 72. So, if the statement
in the question is correct then the two digits which are in a different order are 1
and 2, whose sum is 3. As a check, 123456 789 x 8is indeed 987 654 312.
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8. Which of the following has the same remainder when it is divided by 2 as when it is divided
by 3?

A3 B S5 C7 D9 E 11

1548 @ ©UKMT

8. C All of the options are odd and therefore give a remainder of 1 when divided by
2. Two of the options, 3 and 9, give remainder 0 when divided by 3. Two other
options, 5 and 11, give remainder 2 when divided by 3, and 7 is the only option
which gives remainder 1 when divided by 3.

a a

9. According to a newspaper report, **A 63-year-old man has rowed around the world without
leaving his living room.” He clocked up 25 048 miles on a rowing machine that he received

for his 50th birthday.
Roughly how many miles per year has he rowed since he was given the machine?
A 200 B 500 C 1000 D 2000 E 4000

1549 @ ©UKMT
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9. D The man has rowed the equivalent of just over 25 000 miles in approximately

13 years. So the mean number of ‘miles’ rowed per year is approximatel
25%00 _ 26 000 _ 2000 pety PP Y

13 13

a @

10. Intheexpression 1 O 2 O 3 O 4 eachOisto be replaced by either + or x.
What is the largest value of all the expressions that can be obtained in this way?

A 10 B 14 C 15 D 24 E 25

1550 @ ©UKMT

10. E If mand n are positive integers, then mn > m + n unless at least one of m or n
isequalto l,orm = n = 2. So, to maximise the expression, we need to place
multiplication signs between 2 and 3 and between 3 and 4. However, we need to
place an addition sign between 1 and 2 because 1 + 2 x 3 x 4 = 25, whereas
1 x2x3x4=24
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11. What is the smallest prime number that is the sum of three different prime numbers?

A1l B 15 Cc 17 D 19 E 23

1551 @ ©UKMT

11. D It can be established that 2 is not one of the three primes to be summed since the
sum of 2 and two other primes is an even number greater than 2 and therefore
not prime. The smallest three odd primes are 3, 5, 7 but these sum to 15 which is
not prime. The next smallest sum of three odd primes is 3 + 5+ 11 = 19, which
is prime. So 19 is the smallest prime which is the sum of three different primes.

a @

12. A fish weighs the total of 2 kg plus a third of its own weight. What is the weight of the fish in kg?
A 2% B3 C 4 D6 E 8

1552 @ ©UKMT
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12. B The question tells us that 2 kg is two-thirds of the weight of the fish. So one-
third of its weight is 1 kg and therefore its weight is 3 kg.

a

13. In the figure shown, each line joining two numbers is to be

labelled with the sum of the two numbers that are at its end
points.

How many of these labels are multiples of 3?

A 10 B 9 C 8 D 7 E 6

1553 @ ©UKMT

13. A We denote the label joining m and n as (m + n). The labels which are multiples
of3are (1 + 2),(1 + 5),(1 +8),2+4),2+ 7,3 +6),(4 +5),(4 + 8),
(5 + 7, (7T + 8).So 10 of the labels are multiples of 3.
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14. Digits on a calculator are represented by a number of horizontal and
vertical illuminated bars. The digits and the bars which represent them

189
are shown in the diagram. L' 5 E
{24

How many digits are both prime and represented by a prime number of
illuminated bars?

A0 B 1 C 2 D3 E 4

1554 @ ©UKMT

14. E The primes and the number of illuminated bars which represent them are:
2 - 53 > 5,5 — 5,7 - 3. Soall four prime digits are represented by a
prime number of illuminated bars.

o I

15. Which of the following is divisible by all of the integers from 1 to 10 inclusive?
A 23 x 34 B 34 x 45 C 45 x 56 D 56 x 67 E 67 x 78

1555 @ ©UKMT
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15. C Of the options given, 23 x 34,56 x 67 and 67 x 78 are all not divisible by 5,
so may be discounted. Also 34 is not divisible by 4 and 45 is odd, so 34 x 45
may also be discounted as it is not divisible by 4. The only other option is
45 x 56. As a product of prime factors, 45 x 56 = 2° x 3% x 5 x 7,soitis
clear that it is divisible by all of the integers from 1 to 10 inclusive.

a O

16. The diagram shows a square inside an equilateral triangle.
What is the value of x + y?

A105 B 120 C 135 D 150 E 165

1556 @ ©UKMT

16. D The size of each interior angle of an equilateral triangle
is 60°. As the sum of the interior angles of a triangle is
180°% x + p + 60 = 180,s0p = 120 — x.
Similarly, ¢ = 120 - y. Each interior angle of a square
is a right angle and the sum of the angles on a straight
line is 180°,sop + g + 90 = 180.
Therefore 120 — x + 120 — y + 90 = 180, that is
330 = (x + y) = 180. So x +y=330- 180 = 150.
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17. Knave of Hearts: *I stole the tarts.”

Knave of Clubs: “The Knave of Hearts is lying.”
Knave of Diamonds: *“The Knave of Clubs is lying.”
Knave of Spades: “The Knave of Diamonds is lying.”

How many of the four Knaves were telling the truth?
Al B 2 C3 D 4 E more information needed

1557 @ ©UKMT

17. B If the Knave of Hearts is telling the truth then the Knave of Clubs is lying, which
means that the Knave of Diamonds is telling the truth, but the Knave of Spades
is lying. Alternatively, if the Knave of Hearts is lying then the Knave of Clubs is
telling the truth, which means that the Knave of Diamonds is lying, but the
Knave of Spades is telling the truth. In both cases, we can determine that two of
the Knaves are lying, although it is not possible to determine which two they are.

a @

2637 an 5274
18 459 36 918
simplifies to 7" What is the simplified form of the second fraction?

18. Each of the fractions

uses the digits 1 to 9 exactly once. The first fraction

5 9
C — D — E
34 61

A B

Qe

OO | =
el

1558 @ ©UKMT
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18. B The fraction 356297;18 = 12862579 = % as given in the question.

o I

19. One of the following cubes is the smallest cube that can be written as the sum of three positive
cubes. Which is it?

A 27 B 64 C 125 D 216 E 512

1559 @ ©UKMT

19. D The first six positive cubes are 1, 8, 27, 64, 125, 216. Clearly, 64 cannot be the
sum of three positive cubes as the sum of all the positive cubes smaller than 64
is 1 + 8+ 27 =36. Similarly, 125 cannot be the sum of three positive cubes as
the largest sum of any three positive cubes smaller than 125 is 8 + 27 + 64 = 99.
However, we note that 27 + 64 + 125 = 216, so 216 is the smallest cube which is
the sum of three positive cubes.
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20. The diagram shows a pyramid made up of 30 cubes, each measuring
Imx ImxIm

What is the total surface area of the whole pyramid (including its
base)?

A3m B62m> C72m* D 152m? E 180m?

1560 @ ©UKMT

20. C When the pyramid is viewed from above, it can be seen that the total area of the
horizontal part of the surface of the pyramid (excluding its base) is the same as
that of a square of side 4 metres, that is 16 m’. The area of the base of the
pyramid is also 16 m’. Finally the total area of the vertical gan of the pyramid is
equalto(d x 1 +4 x2 +4x 3+ 4x 4) m*> = 40 m>. So the total surface
area of the pyramid is (16 + 16 + 40) m> = 72 m>

a a

21. Gill is now 27 and has moved into a new flat. She has four pictures to hang in a horizontal row
on a wall which is 4800 mm wide. The pictures are identical in size and are 420 mm wide.
Gill hangs the first two pictures so that one is on the extreme left of the wall and one is on the
extreme right of the wall. She wants to hang the remaining two pictures so that all four
pictures are equally spaced. How far should Gill place the centre of each of the two remaining
pictures from a vertical line down the centre of the wall?

A 210 mm B 520 mm C 730 mm D 840 mm E 140 mm

1561 @ ©UKMT
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21. C The diagram shows part of the wall of width 4800
4800 mm and the four equally spaced pictures, D : |:|
each of width 420 mm. Let x be the required !
distance, that is the distance from the centre of 2x Xorx
each of the two pictures in the middle of the
wall to a vertical line down the centre of the wall (marked by a broken line).
Then the distance between the centres of any two adjacent pictures is 2x.

Note that the distance between the centres of the two pictures on the extremes of
the wall is (4800 — 2 x 210) mm = 4380 mm. Therefore 2x + x + x + 2x = 4380.
Sox = 4380 + 6 = 730. Hence the required distance is 730 mm.

(all distances are in mm)

a D

22. The diagram shows a shaded region inside a regular hexagon.
The shaded region is divided into equilateral triangles.
What fraction of the area of the hexagon is shaded?

3 2 3 5 |
Ag Bg C; D— E =

1562 @ ©UKMT
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22. E In the diagram, the shaded small equilateral triangles have
been divided into those which lie within the highlighted large
equilateral triangle and the twelve small equilateral triangles
which lie outside the large triangle.

Note that the unshaded star shape in the centre of the large
triangle is made up of twelve small equilateral triangles, so the small triangles
outside the large triangle could be moved into the large triangle so that the large
triangle is shaded completely and the rest of the hexagon is
unshaded as in the lower diagram.

The lower diagram shows that the hexagon may be divided
into six congruent triangles, three of which are shaded and
three of which are unshaded. So the required fraction is 4.
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a @

23. The diagram shows four shaded glass squares, with areas 1 cm?, 4 cm?2,

9 cm? and 16 cm?, placed in the corners of a rectangle. The largest
square overlaps two others. The area of the region inside the rectangle
but not covered by any square (shown unshaded) is 1.5cm2

What is the area of the region where squares overlap (shown dark
grey)?

A 25cm? B 3cm? C 35cm? D 4cm? E 4.5cm?

1563 @ ©UKMT

(39

23. D The diagram shows some of the lengths of sides which 3
may be deduced from the information given in the
question. Note that the rectangle measures 5 cm by 5.5 cm. 3
The sum of the areas of the four glass squares is
(1 +4 + 9 + 16) em®* = 30 cm’. However, the total
region of the rectangle occupied by the four squares is 15
equal to (5 x 5.5 — 1.5) cm® = 26 cm®. So the area
of the overlap is (30 — 26) cm? = 4 cm>.

(93

(97
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24. A palindromic number is a number that reads the same when the order of its digits is reversed.
What is the difference between the largest and smallest five-digit palindromic numbers that
are both multiples of 45?

A 9180 B 9090 C 9000 D 8910 E 8190

1564 @ ©UKMT

24. B For a number to be a multiple of 45 it must be a multiple of 5 and also of 9. In
order to be a multiple of 5, a number's units digit must be O or 5. However, the
units digit of a palindromic number cannot be 0, so it may be deduced that any
palindromic number which is a multiple of 45 both starts and ends in the digit 5.
In order to make the desired number as large as possible, its second digit should
be 9 and for it to be as small as possible its second digit should be 0. So, if
possible, the numbers required are of the form ‘59x95” and *50y05°. In addition,
both numbers are to be multiples of 9 which means the sum of the digits of both
must be a multiple of 9. For this to be the case, x = 8andy = 8, giving digit
sums of 36 and 18 respectively. So the two required palindromic numbers are
59895 and 50805. Their difference is 9090.
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25. The four straight lines in the diagram are
such that VU = VW. The sizes of ZUXZ,
£LVYZ and £LVZX are x°, y° and z°.

Which of the following equations gives x in
terms of y and z?

A X=y—z B x= 180—_\’—: Cx = y -

LS

Dx=y+z-9 E x =

1565 @ ©UKMT

25. E The exterior angle of a triangle is equal to the
sum of its two interior and opposite angles.
Applying this theorem to triangle U ZX:
ZVUW = z° + x°.
Similarly, in triangle WYX: y° = ZXWY +x°,
so ZXWY = y° — x°.
AsVU = VW, LZVUW = ZVWU and also ZVWU = ZXWY because they are
vertically opposite angles. Therefore ZVUW = ZXWY. Soz° + x° = y° — x°
and hencex = L(y - 2).
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