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SCHOOL OF MATHEMATICS AND STATISTICS

BLAKERS MATHEMATICS COMPETITION

2015 Problems

The Competition begins Tuesday, 26 May and ends Friday, 25 September 2015.
You may use any source of information except other people. In particular, you may use

computer packages (though contributed solutions are expected to have complete mathematical
proofs). Extensions and generalisations of any problem are invited and are taken into account
when assessing solutions. Also, elegance of solution is particularly favoured and desired.

Solutions are to be mailed or given to Greg Gamble, School of Mathematics and Statistics,
The University of Western Australia, Crawley, 6009 before 4pm on Friday, 25 September.

Remember, you don’t have to solve all the problems to win prizes!

Include a cover page with your name, address, e-mail address, University, and the number
of years you have been attending any tertiary institution. Please submit a hardcopy of your
entry, to the above address. However, it is recommended that you also submit a PDF-scanned
copy to greg.gamble@uwa.edu.au.

Start each problem on a new page, and write your name on every page.

1. Absolution

What are the solutions x ∈ R of the equation

|x+ 1| − |x|+ 3|x− 1| − 2|x− 2| = x+ 2?

2. Non-repetitive integers

How many positive integers have no repeated digits in their decimal representation?

3. Optically optimal

A picture h metres high is hung on a high wall such that the bottom of the picture is a
metres above the ground. A person stands on the ground at a distance x metres from the
foot of the wall, viewing the picture. If the person’s eye level is b metres above the ground,
assuming a ≥ b, find an expression for the viewing angle of the picture in terms of x, a, b
and h. Hence find, for fixed a, b, h, the distance x from the foot of the wall that a person
should stand such that the viewing angle is largest.

4. Limiting sine times

Evaluate
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5. Zeroing in on an integer

Let p(x) be a polynomial with integer coefficients such that p(2) = 13 and p(10) = 5.

If there exists an integer n such that p(n) = 0, what is n?



6. Triangular circulation

Four equal circles are drawn inside an equilateral triangle of side length 2 units. Each circle
touches two of the other circles and only one side of the triangle.

Find the exact common radius of the circles.

7. Integer surprise

An integer n > 0 is said to be surprising if, when written (in the decimal system) to the
right of any positive integer, the resulting number is divisible by n.

What are all surprising integers?

8. Battleship 1-D

A ship, represented by a point, moves in uniform motion along the real line R. At any
moment, the ship’s position and speed are not known. The only information available is the
following:

(i) its position at time t = 0 is an integer x.

(ii) the speed (measured per minute) is an integer v.

Every minute from t = 0, we drop a bomb on a lattice point (i.e. a point with coordinate
n ∈ Z). If the ship is there, it sinks and we have won.

Is there a strategy guaranteeing the sinking of the ship in finite time?

9. Parity game

Alice chooses 2000 distinct numbers from the set of integers from 1 to 3000. Ben then tries
to find among these 2000 numbers, 1000 integers whose parity alternates when they are
ordered from smallest to largest. If Ben is able to achieve his objective, he wins; otherwise,
Alice wins.

Assuming they each use an optimal strategy, who of Alice or Ben is assured of winning,
whatever their opponent does?

10. Multinomial integers

What are the solutions of the equation

x2015
1 + 21x2015

2 + 22x2015
3 + · · ·+ 22014x2015

2015 = 2014x1x2x3 · · ·x2015

for x1, x2, x3, . . . , x2015 ∈ Z?

2


