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Problem (unknown)

Let n € Z~g, prove that the decimal part of
5+ V26
n

begins with either n zeros or n nines for all positive integers n.

Problem 1 (Bernoulli Competition 2024)

Let A, B € Mat,,x,(C). Suppose that every matrix C' € Mat,,«,,(C) can be written in the
form C' = AD — DB for some D € Mat,,»,,(C). Prove that there exists a polynomial R € Clz]
such that

R(A)=A%3— A2 -~ A+1, and R(B)=(2-1i)B*+(2+i)B* - B.

Problem (unknown)

There are 1 < N € N prisoners are imprisoned in solitary confinement. Each cell is
soundproof and windowless. There is a central living room with a single light bulb, initially
turned off. The prisoners cannot see the bulb from their cells.

Each day, the warden selects one prisoner uniformly at random to visit the central room.
While in the room, the prisoner may toggle the bulb (on < off) if they so choose. The prisoner
may also choose to declare that all N prisoners have visited the central room at least once. If
this claim is false (i.e., at least one prisoner has never been in the room), all N prisoners are
executed. If the claim is true, they are all freed and inducted into MENSA.

Before this process begins, the prisoners are allowed to meet once in a courtyard to de-
vise a strategy. What strategy should they adopt to ensure their eventual release, with
certainty?

The strategy must guarantee eventual success, not merely a high probability.

The average time until release depends on the strategy.

The best-known strategies achieve an average release time of approximately 3500 days.



Problem (Hongler)

A princess has 1 < N suitors. Each suitor possesses a distinct “score”. Among them is
Prince Charming, who has the maximal score. The princess encounters the suitors in a random
order. For each suitor, she must decide either to marry him or to reject him (and, if she rejects
him, she cannot go back). She can compare the score of the current suitor with the scores
of those she has already rejected, but otherwise she cannot recognise Prince Charming. She
wishes to maximise her chance of marrying Prince Charming (if she reaches the end of the list
of N suitors, she must marry the last one).

(a) How can she find a strategy that guarantees a chance > % of marrying Prince Charming?
(b) What is the optimal strategy? Hint: it gives a chance > 36%. Hint: the strategy is not
complicated at all.

problem (Bernoulli Competition 2025)

Let o € R such that Vn € Zsgn® := exp(a - In(n)) € Z~o. Show that o € N.



