UK Maths Trust

Cayley 2026 Markers' Report

Itis clear that candidates in year 9 are becoming more familiar with the expectation for
Olympiad problems despite their lack of experience at that age. The papers have been more
challenging in recent years, which has inevitably resulted in fewer complete solutions, but the
quality of writing out solutions is improving. Even the later questions, successfully attempted by
only a small number, produced many innovative and creative solutions, leading to additions to
mark schemes to accommodate alternative approaches. On the earlier problems, it was
impressive how many could cope with solving problems which are not of the type they see in
school and require different skills.

There are still some candidates who don't quite understand the level of explanation that is
needed and they should look at previous solutions to see how to write solutions showing clear,
logical solutions with no gaps. Many also write waffling solutions, which explain trivial things in
unnecessary detail, but others write too little and miss key points. The students should ask
themselves whether the solution could be understood by someone who has never seen the
correct solution and is following theirs and there would be no gaps in their thinking. They should
try to limit themselves to short sentences and paragraphs to make their argument easier to
follow.

The paper proved to be accessible at all levels, at a level of challenge comparable with the
previous year. This may be the first time for many of the candidates that they have not scored
high marks. Students should be heartened by achieving one or two correct solutions and
encouraged to enjoy the challenge of difficult but interesting problems. Question 1 was very
approachable and well done. Question 2 used knowledge well within the scope of the students,
but applying it to the question proved more difficult, although there were still plenty of high
marks. Question 3 was accessible, but not as many realised this was an algebraic problem and
how to use their knowledge of Pythagoras’ equation. Question 4 was geometry and required no
knowledge beyond simple triangles and parallel lines, but proved challenging. Question 5
required some creative logical thinking and had several good approaches to the problem.
Question 6 was a combination of logic, analysis and number theory. Again, there were several
different correct approaches made by candidates. Logical deductions about why situations
cannot happen is as important to find all cases as showing what situations can happen.

Defining labelling methods or using algebra to help make a solution intelligible to the reader
would have made many solutions easier to check.

There was not too much arithmetic required, but some errors, so candidates should improve
confidence in checking arithmetic without a calculator.
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Question 1

This question was well done overall, with around three-quarters of candidates receiving full
marks or close to full marks. The vast majority of candidates realised that they needed to
translate the statements in the question into algebra, giving three equations in three variables.
However, some candidates made mistakes with these equations, with common errors including
putting the factor of% on the wrong side of the third equation, and forgetting that when (e.g.)

Cayley gives Hamilton £1, Cayley loses £1 as well as Hamilton gaining £1.

While some candidates made errors manipulating the algebra to calculate the amounts of
money that the three people start with, most candidates were able to conclude that Cayley,
Hamilton and Maclaurin start with £8, £20 and £37 respectively. This had to be done using
algebra, as simply showing that this is a valid solution does not rule out the possibility that there
could be other solutions, and therefore does not solve the problem. Candidates are reminded to
read the exact statement of the question carefully, as some stopped at this point without
answering the actual question of how many times more money Maclaurin would have than
Hamilton and Cayley if they each gave him £1.

Although this question required less explanation than a typical Olympiad question, we would like
to remind candidates to clarify their working so that the method that solutions are using is clear.
In particular, the three variables in the question should be defined carefully. For example, rather
than saying "let C = Cayley", candidates should say "let the amount of money that Cayley starts
with be £C." It should also be precise that it is the amount Cayley had at the start as opposed to
the amount Cayley had after giving away £1.

Question 2

This question was well-attempted by many, despite the many facets required to achieve high
marks. Most students were able to access the question and realise that three digits had to be
even. Most knew the divisibility rule for four using the last two digits, but several could not make
the link to the parity of digit prior to the last digit and the last digit itself and they struggled to
make further progress. Those who did, could generally make deductions about where the
multiples of 4 needed to be and where the other evens needed to be.

Counting using multiplication is not well enough known, so many could not count the relevant
cases. The particular difficulty was working out the order of decisions. In some cases choosing
which digit can be placed and in other cases choosing where to place a certain digit made the
counting difficult and led to errors in obtaining the correct final value, but those who had
reached that point were still able to access higher marks.
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Question 3

Students generally achieved a high degree of success with this question. With most students
gaining marks by performing some attempt to find expressions for perimeters and then further
progress to construct equations with the percentage multipliers.

Students were rewarded for complete methods. These revolved around having equations for
perimeters with multipliers and then solving these to later use in Pythagoras. If students did not
connect these two together, minimal credit was given. No penalty was made for students stating
it was Pythagoras’' Theorem rather than the technically-correct version that it is the converse of
Pythagoras’ Theorem.

There were also many students who quite reasonably identified that the sides formed a 3:4:5
triangle and therefore was right angled. This is well known and a perfectly acceptable in place of
Pythagoras.

The most unfortunate misconception was students forming an equation by assuming the angle
B A Fwas 90° by Pythagoras and then forming equations for x, y and z. No cases were found
whereby students began this way and used the equations linking the perimeters to verify their
results.

Several students got the wrong percentage multipliers e.g. instead of multiplying by 0.9, students
would multiply by %

When students correctly concluded that in fact angle B A F was indeed right angled, they often
missed proper justification for concluding this meant it had to be a rectangle. What was
important was that ABCE is a parallelogram and hence it is when easy to deduce that all other
angles therefore are 90° and hence ABCE is a rectangle.

Some students felt the need to go far further, e.g. needing to justify the fact that x and y were not
equal (which is true). However, it is not necessary to state that ABCE is not a square as a square is
a subset of rectangles i.e. a square has opposites of equal length, and 4 angles that are all right
angles. Similarly, ABCE was said to be a parallelogram (which it is), the question proved that this
parallelogram also satisfied the properties of a rectangle.

There were several concerning instances of students substituting values into their variables,
trivialising the proof and with significant loss of generality.

Students who made approaches that were purely geometrical and relied purely on using angle
facts with parallel lines found little success. Most strategies gained no marks and ultimately
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ended up assuming lines were perpendicular, or that an angle was 90° degrees. Students should
aim to use some of the facts given such as percentage multipliers or finding perimeters.

An exceptionally small subsection of scripts used the cosine rule in order to show that it was a
right angle (fewer students were successful in using it correctly).

Question 4

It was important in answering this problem to have a strategy to relate the lengths DF and DE.
There were plenty of reasonable geometric deductions that could be made that did not
necessarily help with this, and lots of students did as such.

By and large, solutions that relied on chasing angles around the diagram often failed to justify
their deductions at each step - particularly ones involving sums of angles at a point on a straight
line, or sums of angles in a triangle. Plenty of routes to an answer were quite long, and so care
would be required to ensure that every step was justified. There were some solutions that
received 2 marks, where the addition of a reason at every step would have seen 10.

While fewer, there were plenty of solutions that looked at the isosceles trapezia and
parallelograms present in the picture, and as long as the shapes were justified to be as such this
was generally a successful method.

Similarly, students who spotted and used some congruent triangles were usually in an excellent
position, as long as they then remembered to justify this congruence.

Some students took advantage of computational or other such methods (often vectorsin 1 or 2
dimensions), and these were often successful as long as they were clear about where their
co-ordinates or vectors had come from, and justified any deductions. In particular, it is worth
noting the ingenuity of a small group of students who argued that they only wanted to measure
the distance from D to £ and D to F along the line BC and find them equal in order to show DEF
isosceles.

Question 5

This proved to be a very challenging question with only a handful of candidates finding an
argument which does not rely on trying lots of examples. Even though both possible solutions
appear short, it requires a lot of thought to decide which numbers to focus on. This question
illustrates the very useful idea of looking for some "global" properties of the arrangement (such
as two groups of numbers that must (or can't) go next to each other), rather than focussing on
the options for each specific number.

Most candidates who approached the problem in the correct way were able to explain their
reasoning well. The most common lack of detail was when using statements like "and then 8 has
to go next to 3" is this because all the other neighbours of 3 have been used up, or because all
the neighbours of 8 have been used up?
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Some candidates tried to come up with arguments involving the sum of the differences when
going around the circle, either pointing out that the sum of all differences needs to be even (in
order to return to the starting point) or that, if we label differences as positive or negative, their
total has to be zero. Unfortunately, those observations by themselves are not sufficient to solve
the problem. For the former argument, it may be possible to use just the odd differences (as a
normal clock, where there are eleven 1s and one 11), so this by itself does not imply
impossibility. For the latter argument, we would need to consider all possible combinations of
13, +4 and £5 which add up to zero, and doing that is basically the same as solving the actual
problem. Thus any observations involving parity, although correct, do not contribute towards
solving the problem and did not receive any marks.

Many candidates attempted what might be termed the "tree diagram" approach, where they
started with one number and then considered various options for its neighbours, each one then
branching according to its own possibilities. For those with an interest in coding, it is a good
exercise to see how efficient this procedure can be made and how many possibilities need to be
considered. It turns out that starting with one of the numbers from Solution 2 (2, 3, 10 or 11) is
the only choice that makes the full checks doable within the constraints of this competition;
everything else has way too many possibilities to check. Even then, it would need to be carefully
explained why at each stage certain moves are "forced", making the full write-up several pages
long.

Question 6

There are three known approaches:

1. Use parity considerations to show that one of the primes p, g, r must be 2 (and with a little bit
more work one can show that it can only be p or g);

2. Check that none of the factors p - 5, g - 27 and r - 26 can be +1, and deduce by counting prime
factors that they're the numbers +p, +q, £r in some order;

3. Observe that two of the factors p - 5, g - 27 and r - 26 must be negative while p, g, and r
themselves are positive, and hence that two of the inequalities p <5, g <27 and r < 26 are
satisfied.

We were not surprised to see that the majority of successful solutions followed approach 1 and
none whatsoever followed approach 3 (which takes rather a lot of work to complete). Particularly
for students using approach 2, quite a few of the attempts had unfortunate flaws caused by
forgetting that p - 5, g - 21 and r - 26 can be negative. In a surprising number of cases candidates
remembered this later, but the work done already, which was based on the incorrect
assumption, was never revisited.

It was pleasing that students who got this far in the paper and made a serious attempt mostly
understood that it was entirely possible that there were multiple solutions, and hence that the
search needed to be carried out exhaustively.
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Methods involving parity, counting factors and bounding are all useful skills in number theory.
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