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These problems are meant to be challenging.

Try to finish whole questions even if you cannot do many; you will have done well if you hand
in a complete solution to two or more questions.

Instructions

I.
2.

10.

11.

Time allowed: 2 hours.

Full written solutions — not just answers — are required, with complete proofs of any
assertions you may make. Marks awarded will depend on the clarity of your mathematical
presentation. Work in rough first, and then write up your best attempt. Do not hand in rough
work.

One complete solution will gain more credit than several unfinished attempts.

. Each question carries 10 marks.
. The use of rulers, set squares and compasses is allowed, but calculators and protractors

are forbidden.
Start each question on an official answer sheet on which there is a QR code.

. If you use additional sheets of (plain or lined) paper for a question, please write the following

in the top left-hand corner of each sheet. (i) The question number. (ii) The page number for
that question. (ii1) The digits following the ‘> from the question’s answer sheet QR code.
Please do not write your name or initials on additional sheets.

. Write on one side of the paper only. Make sure your writing and diagrams are clear and

not too faint. (Your work will be scanned for marking.)

. Arrange your answer sheets in question order before they are collected. If you are not

submitting work for a particular problem, please remove the associated answer sheet.

To accommodate candidates sitting in other time zones, please do not discuss the paper
online until 8am GMT on Saturday 21st March when the video solutions will be released.

Do not turn over until told to do so.

Enquiries about the Intermediate Mathematical Olympiad should be sent to:

challenges@ukmt.org.uk www.ukmt.org.uk

supported by 6ver|90f
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Advice to candidates

o Do not hurry, but spend time working carefully on one question before
attempting another.

o Try to finish whole questions even if you cannot do many.
o You will have done well if you hand in full solutions to two or more questions.

o Your answers should be fully simplified, and exact. They may contain
symbols such as n, fractions, or square roots, if appropriate, but not decimal
approximations.

o Give full written solutions, including mathematical reasons as to why your
method is correct.

o Just stating an answer, even a correct one, will earn you very few marks.
o Incomplete or poorly presented solutions will not receive full marks.

¢ Do not hand in rough work.
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1. A palindromic sum is a sum of two palindromic numbers. For example,
2024 = 2002 + 22 and 2025 = 1551 + 474.
(a) Find, with proof, the next integer after 2025 which cannot be written as a
palindromic sum.
(b) Find, with proof, the next integer after 2025 which can be written as a
palindromic sum in more than one way.

2. Let f(x) denote the fractional part of x. For example, f(1.1) = 0.21. How
many positive fractions, x, less than 1 satisfy f(20+x) = f(26 — x)?

3. Starting at (0, 0), a frog makes 99 jumps of distance V5 between points on
the lines y = —1, y = 0 and y = 1, increasing its x-coordinate by 1 or 2 each
time. How many possibilities are there for the frog’s final position?

4. P is a point inside the convex quadrilateral A D
ABCD satisfying both conditions below. P

(BPC = /CPD

(DAC = +/PCD = /PBC = /BCA
Prove that ABCD is a parallelogram. B C

S. A pair of fractions, each with both numerator and denominator being positive
integers, add up to 2. The numerator of one, x, is the denominator of the
other. If x is increased by 10, the sum is still 2. Find all possible pairs of
fractions for which this is true.

6. A padlock has two wheels, each of which has the the digits O to 9 equally
spaced. Together, the wheels show a two-digit code. Trying to open it with
the wrong code locks it forever, but there is a probe to check if the code is
close without locking the padlock forever. It is close if either (i) the code
1s correct or (i1) the correct code can be shown by rotating one wheel to an
adjacent digit. For example, if the wheels show 02, the probe will show it is
close if the correct code 1s 01, 02, 03, 12 or 92. Find the minimum number
of times to use the probe to guarantee discovering the correct code.
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