
THE SEVENTH SOMAS UNDERGRADUATE

MATHEMATICS CHALLENGE

Description. This is the seventh SoMaS undergraduate mathematics team
challenge. The challenge is open to all undergraduates. The challenge is a
take home team event that consists of a collection of interesting problems
suggested by members of sta�. These are challenging problems (some much
more than others). You should feel proud if you can work out (part of) the
solution to any of these problems.
Above all, this is for fun and you are welcome to tell us anything you like

about the problems that you felt were interesting or fun. These observations
can include, but are not restricted to, (partial) solutions, special cases, humor-
ous remarks, and generalisations or variations of the problems.

To take part.

• Email Fionntan Roukema (f.roukema@she�eld.ac.uk) to register and
submit solutions before 23:59 on Monday the 4th of November. Your
email should include an (un)imaginative name for your team as well as
a list of your team's members (which can be greater or equal to one).

Other remarks.

• There will be a variety of prizes and awards available to people who
enter. These will be given for the best team name, the most valuable
solution to a problem, the overall best submission, and for honourable
mentions.





2019-20 Problems.

(1) The proud country of Whereveria has been run by the Fair party for
many years. All its 1000 citizens have an income of one �orin per day.
However, one day the Greedy party, led by the self-serving Mr Wrong-
son, gets elected. Mr Wrongson announces that he will hold a series of
referenda. Each referendum proposes new incomes for everyone, which
must be integer numbers of �orins per day, adding up to 1000. Mr
Wrongson always votes for his own proposal. Other people will vote
for a proposal if it makes them richer, against if it makes them poorer,
and not vote at all if it doesn't change their income. Proposals pass if
there are more votes for than against. What's the highest income that
Mr Wrongson can end up with?

(2) Inhabitants of a far-away planet called Tpyge only have unit fractions
such as 1/2, 1/3, 1/4, . . . and express all other fractions as �nite sums
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is prohibited).

(a) Prove that any rational number α ∈ (0, 1] can be expressed as a
Tpygian fraction in in�nitely many distinct ways.

(b) What is the shortest Tpygian expression for 2
n
and 3

n
, and do you

have any comments or generalizations?

(3) Can you tile a square with a �nite number of non-convex quadrilaterals?

(4) What is the optimal strategy for updating a lego calendar from one
month to the next? i.e. the minimal number of separations and glues.
The thin red lines are made from pieces 4 units long.



(5) Following a coup d'état Mr. Wrongson from Question 1 goes on the run
and builds himself a house in the wilderness as shown below.

Wrongson is bored and wonders whether he can throw his purse over
the roof of his house, run through the house and catch the purse on
the other side before it bounces. The following challenge is to use a
mathematical model to assess whether this feat is actually possible.

Assume that the purse is thrown with speed V and that Wrongson
can run straight through his house without hindrance. The purse is
projected from the origin O with speed V at an angle θ to the horizontal
and Wrongson hopes to catch the purse at the point A which is on the
same horizontal level as O. De�ne distances P and Q as the distance
from O to the �rst side of the house and the distance from one side
of the house to the other, as shown in the diagram. De�ne H as the
height of the bottom of the roof above O, and L as the height of the
apex of the roof above the bottom of the roof as shown. The distance
R is de�ned to be the total horizontal distance travelled by the . Ignore
air resistance and the spin of the purse.
Wrongson's house has H = 5 m, L = 2 m, Q = 10 m. Suppose that

P = 10 m and that the initial speed of projection V is 20 m s−1. Take
the acceleration due to gravity to be g = 9.8 m s−2.
(a) Find all possible angles of projection for the purse to clear the

house.
(b) Calculate the minimum average running speed of Wrongson in

order for him to be able to catch the purse.
(c) Discuss whether you think, with these values of H, L, P , Q, and

V , that Wrongson could have realistically performed this feat.
(d) The size of the house is �xed. What e�ect will changing V or

P have on the angle of projection and the average running speed
required if Wrongson is to achieve this feat?

(e) Discuss whether you think Wrongson could achieve this feat, the
validity of the model used, and other factors which could be in-
corporated into the model.
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